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PART A: Mechanical and Marine Engineering

Enhancing Operational Availability of Gas Turbines
through Effective Maintenance Planning Using
Advanced Fault Diagnostics

Sampath Suresh, Pericles Pilidis and Riti Singh

4Centre for Propulsion, School of Aerospace, Transport & Manufacturing
Cranfield University, Cranfield, Bedfordshire- MK43 OAL
United Kingdom

INTRODUCTION

Marine gas turbines have been in service for more than three decades and have proved to
be reliable and offer significant advantages to the user. Despite well-proven reliable features of
these machines their operation in hostile marine environment has been a cause for concern,
both to the manufacturer and the user. All turbo machinery gradually experience recoverable
and non-recoverable losses in performance with time. Typically recoverable losses are
associated with compressor fouling and to a large extent be rectified by water/chemical washing
or, more thoroughly, by mechanically cleaning the compressor blades and vanes after opening
the unit. Non-recoverable loss is primarily due to increased turbine and compressor clearances
and changes in surface finish and airfoil contour and needs to capital repairs to restore
performance. Therefore the maintenance efforts are essentially directed towards recoverable
losses. This paper presents an overview of the some modern diagnostics techniques and how
they could influence the vital decisions regarding maintenance and manpower. The methods are
explained with suitable case studies.

MAINTENANCE PLANNING

There are many factors that can influence equipment life and these must be understood
and accounted for in the operators maintenance planning. Factors like the starting cycle, power
setting, fuel and level of steam or water injection factors in determining the maintenance interval
requirement as these factors directly influence the life of the critical gas turbine parts. The ideal
approach would be to establish a maintenance factors based on some baseline parameters and
work out a schedule and any deviation from the baseline operation would necessitate a
increased maintenance level e.g a maintenance factor of 2 would indicate a maintenance level
which is half the baseline level[1]. Advance planning for maintenance is a necessity and proper
implementation of the planned maintenance and inspection provides direct benefits in reduced
forced outages and increased starting reliability, which in turn reduces unscheduled repair
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downtime. The primary factors which affect the maintenance planning process are shown in Fig-
1 and the operating mode will determine how each factor is weighted.

MANUFACTURER’S DESIGN DUTY COST OF
MAINTENANCE FEATURES CYCLE DOWNTIME
PROGRAM

TYPE OF FUEL
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EXPERT SYSTEMS \ /
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MAINTENANCE UTILISATION NEED ENVIRONMENT RESERVE
CAPABILITY REQUIREMENTS

FIGURE 1. Factors Affecting Maintenance

FACTORS INFLUENCING MAINTENANCE AND EQUIPMENT LIFE

Parts unique to the gas turbine requiring the most careful attention are those with the
combustion process together with those exposed to high temperature from the hot gas
discharged from the combustion system. They are called the hot gas path parts and include
combustion liners, end caps, fuel nozzle assemblies. Gas turbine wear in different ways for
different service duties like damage caused due to continuous duty application — Rupture, Creep
Deflection, High Cycle Fatigue, Corrosion, Oxidation, Erosion, Rubs/Wear, Foreign Object
Damage etc. and Damage caused due to cyclic duty application- Thermal Mechanical Fatigue,
High Cycle Fatigue, Rubs And Wear, Foreign Object Damage(FOD) etc.

Some manufactures base their maintenance requirements on the number of starts and
hours, which ever criteria limit is reached first determines the maintenance interval. Another
approach which is adopted by other manufactures is the Equivalent number of Operating
Hours(EOH) with inspection interval based on equivalent hour count. However it is believed that
this logic can create an impression of longer intervals, while in reality more frequent
maintenance inspections are required[1]. In addition, operating conditions other than the
standard startup and shutdown sequence can potentially reduce the cyclic life of the gas path
components and rotors, and if present will require more frequent maintenance and parts
refurbishment and or replacement. Firing temperatures changes occurring over a normal startup
and shutdown cycle, light-off, acceleration, loading, unloading and shutdown all produce gas
temperature changes that produce corresponding metal temperature changes (fig-2).

Thermal and mechanical fatigue testing has revealed that the number of cycles that a part
can withstand before cracks occur is strongly influenced by the total strain range and the
maximum metal temperature experienced. Any operating condition that significantly increases
the strain range or maximum metal temperature over the normal cycle conditions will act to
reduce the fatigue life and increase the starts based maintenance factor. Trips from load,
emergency starts and fast loading will impact the starts-based maintenance interval. This again
relates to the increased strain range that is associated with these events. Emergency starts
where the engine is brought from standstill to full load conditions in less than five minutes will
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PART A: Mechanical and Marine Engineering

have parts life effect equal to 20 normal start cycles and a normal start with fast loading will
produce maintenance factor of two[1].

In general, axial flow compressor deterioration is the major cause of loss of gas turbine
output and efficiency. Recoverable losses attributable to compressor blade fouling, typically
account for 70-85% of the performance losses seen. Fortunately, much can done through
proper operation and maintenance procedures to minimize fouling type losses. Online
compressor wash systems are available and are used to clean heavily fouled compressors.
Other procedures include maintaining the inlet filtration system and inlet evaporative coolers,
periodic inspection and prompt compressor bla+++de repair. Considering the maintenance
aspects discussed above, an adjustment from these maximum intervals may be necessary,
based on the specific operating conditions of a given application. Initially, this determination is
based on the expected operation of a turbine installation, but this should be reviewed and
adjusted as actual operating and maintenance data are accumulated. The condition of the hot-
gas-path parts provides a good basis for customizing a program of inspection and maintenance.

Steady Load

Light-Off Unload Ramp

Load Ramp

Temp

\

Acceleration

Fired Shutdown

Trip

Time

FIGURE 2. Turbine Start/Stop Temperature Profile

NEED FOR ENGINE FAULT DIAGNOSTICS

When a forced outage is experienced, the down-time incurred depends on the period
required to complete the necessary repair or maintenance action. The largest contributors to
forced outage rates are often engine support systems such as control and fuel systems. The
down-times associated with these systems can be managed to acceptable levels by design
redundancy and the holding of appropriate spares. Advances in instrumentation and
microprocessor-based controllers can be expected to contribute to further improvements in the
availability of engine support systems. In contrast, the major gas-path components such as
compressors and turbines have high reliabilities. However, when a forced outage is caused by
deteriorations of these components, the down-time experienced can be large (figure-3). Both
the high cost of such components and the low likelihood that they will be required means that
they are often not held as spares by the operators [2].
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FIGURE 3. Forced outage and Component availability

One of the major challenges faced by a marine engineer of an operational ship is to
strictly adhere to the maintenance schedule. Unexpected/unpredictable operational
commitments often necessitate postponing a particular maintenance action compounded by the
fact that a particular port may not have adequate facilities. A diagnostics tool which could
provide adequate warning on the engine condition would be useful in planning the maintenance
schedules. Overall a simulation and diagnostics tool would help in-

@) Optimising maintenance intervals for specific engines based on the condition.

(b) Prioritise tasks to be performed during a planned maintenance event.

(© Reduce overall life cycle costs of engines from installation to retirement.

(d) Enhanced availability of engines within a fleet.

(e) Engineering justification for scheduling maintenance actions.

0] Improved safety associated with operation and maintenance of gas turbines.

(9) Training maintenance personnel on the good maintenance practice understanding
degradation in of engines.

ENGINE PERFORMANCE-SIMULATION BASED DIAGNOSIS

Simulating the performance of an engine using mathematical model which relies on basic
aero-thermodynamic principles to predict a reasonably good level of engine performance forms
the basis for these types of diagnostics. The model like its physical counterpart, can be made to
simulate deterioration over a period of time attributable to various factors like fouling, foreign
object damage, corrosion, erosion etc. causing shift in performance parameters. However,
ascertaining the deterioration quantitatively is always a challenging task and is an important
step towards calculating the implications and then planning an appropriate maintenance
strategy.

The methodology used to obtain degradation/faults of components using the measured or
the gas path parameters is called the Gas Path Analysis. The fundamental concept of GPA is
that the physical problems (i.e. fouling, erosion, FOD etc..) would cause loss of component
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performance(change in component efficiency and flow capacity) which would manifest itself in
the form of change in the operating parameters which can be measured like temperature,
pressure, spool speeds etc..[3]. Schematically GPA can be represented as shown in figure-4.

PHYSICAL INDEPENDENT DEPENDENT
PROBLEMS PARAMETERS PARAMETERS
EROSION COMPONENT * SPOOL SPEEDS
CORROSION FLOW o FUEL FLOW
PLUDDGED |:> CAPACITY |:> o TEMPERATURE
NOZZLES EFFICIENCIES o PRESSURES
EXCESSIVE TURBINE o POWER
CLEARENCE NOZZLE AREAS OUTPUT
WORN SEALS <:| EXHAUST <:|

NOZZLE AREAS

FIGURE 4. Concept of Gas Path Analysis [3]

Mathematically, the relation between the independent parameters and the dependent
parameters can be represented by a set of differential equations and the coefficients of the
differential equations in a matrix form is called the Influence Coefficient Matrix (ICM), in real life
situations we would have the measurements from the engine and therefore the change in
component performance could be determined by inversing the ICM to obtain FCM and
multiplying it with the measurements [3]. Improvements in engine diagnostics can in theory be
achieved simply by adding more and more reliable instrumentation to monitor the engine’s
health. However, the instrumentation itself has its own mean-time to failure and in real life
situation the presence of instrumentation noise and bias cannot be ruled out. Additionally,
inappropriate or badly maintained instrumentation can lead to the detection of spurious faults,
leading to unnecessary expensive maintenance actions. Several variants of GPA , like the use
of Kalman filters(KF), Extended Kalman Filters(EKF) and Weighted Least Square (WLS)[5,6]
have been developed over the years and implemented successfully by engine manufacturers.
Other modern diagnostics techniques using Genetic Algorithm (GA) and Artificial Neural
Network (ANN) have been used by Sampath et al [7], Fuzzy Logic, Bayesian Belief Networks
(BBN) etc. have also been developed and used. Fundamentally all the methods use the
performance simulation method to isolate the fault.

ENGINE PERFORMANCE ASSESSMENT- CASE STUDIES

The main advantages of the above fault diagnostics methods are their ability to account for
noise/sensor bias and non-linearity of the engine performance model. Another important
aspect is the ability to quantify the faults detected which help in analyzing the implications of
such faults and the magnitude of its influence on the overall engine performance. In order
understand the effects of the fault certain test cases have been designed using two engine
models. The first one is a simple cycle turboshaft engine of appx. 25 MW capacity (Pressure
ratio -18, mass flow of 70kg/s and TET of appx. 1600K) and the other engine considered is a
more complex cycle Intercooled-Recuperated three shaft engine of appx. 25 MW power (PR-
11, mass flow -126 kg/s and TET- 1383K ). The engine simulations were undertaken using a
generic performance simulation software tool called “Turbomatch” at Cranfield University.
Table-1 shows the levels of component performance parameter change for a given fault
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condition. Having decided the deteriorations levels, six fault scenarios are considered as
shown in table -2. The aim of the study is not to compare the performance of these engines, but
to give an idea of the effect of the faults on the engine performance which will affect the overall
life cycle costs.

TABLE 1. Values of faults implanted in test cases

Degradation Efficiency change NDMF change
Compressor fouling -2.00 -5.00
Compressor erosion -1.00 -2.00
Turbine erosion -1.00 +2.00
Turbine deposition -1.00 -2.00
FOD Same as fouling (Less Magnitude)
Corrosion Same effect as erosion

TABLE 2. Test Cases for sample

Case Types of Faults
ICR-Turboshaft (25 MW) Turboshaft (25 MW)
Case-A LP Compressor Fouling Compressor fouling
Case-B Both Compressor Fouling Compressor Erosion
Case-C HPT & LPT Erosion Compressor Turbine Erosion
Case-D Both Compressor Fouling and HPT Power Turbine Erosion
erosion
Case-E Both Compression Erosion Comp. Fouling and CT Deposition
Case-F HPT Deposition Compressor and CT Erosion

TABLE 3. Effect of Deterioration and running restored

CASE DETERIORATED RESTORED
A Power(%) A s.f.c(%) ATET (°C) A s.f.c(%)
CASE-A -6.13 2.54 38.00 1.12
CASE-B -2.40 0.85 18.00 1.20
CASE-C -1.10 0.76 11.00 0.75
CASE-D -0.79 1.46 10.00 1.45
CASE-E -7.80 3.00 46.00 2.40
CASE-F -6.90 3.40 43.00 2.20

The results of the simulation for the Turboshaft engine are tabulated in Table -3 which
clearly brings out that in all case shows the effects of deterioration leads to power short fall and
an increased specific fuel consumption (s.f.c). the situation worsens when the engine is run
restored i.e. in order to make up for the reduced power the engine is run hotter (higher TET) this
would have an adverse effect on the creep life of the hot end components. Overall, the
degradation results in increased fuel consumption (reduced range), reduced hot section creep
life and reduced surge margin imposing severe limitation on acceleration. In interesting outcome
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of the ICR-Turboshaft simulation is that the s.f.c improves due to increased temperatures as the
result of degradation. It is mainly because, the recuperater recovers the exhaust heat thereby
reducing the fuel burn. However, the improved s.f.c is offset by the reduced hot end component
life.

ENGINE LIFE CYCLE COST & MANAGEMENT- CREEP LIFE
APPROACH

Based on the design operation and maintenance philosophy for a marine gas turbine
and the degradation it undergoes, the creep life for the turbine blades is considered as one of
the life limiting criteria. Sophisticated mathematical models for life cycle cost analysis have been
proposed by Spector[8] considering various aspects like the Initial investment cost, Cost of
financing, variations in equipment availability, cost of fuel , operation costs etc... at this point
the need for an accurate input data needs no emphasis. The LCC itself is a complicated subject
and the application of the above criteria for naval marine gas turbines is difficult due to the
nature of application.

Material deterioration is the general limiting factor in defining the maintenance schedules

of installations and a critical parameter in judging the further operability of high temperatures
installations. Higher firing temperatures reduce hot gas path lives while lower firing temperature
increased parts lives. This provides an opportunity to balance the negative effects of higher
load operation by periods of operation at part load. However, It is important to recognize that the
nonlinear behavior described will not result in a one for one balance for equal magnitudes of
over and under firing operation. High temperature installation not only suffers from creep but
also from low cycle damage and hot section corrosion. However, hot section corrosion is not
very critical as it is usually dependent on the quality of the fuel and marine gas turbine use
LSHSD which contains very low sulphur and negligible vanadium. Fatigue would be an
important failure mode if there are very frequent power changes (like in military aircrafts).
Naval ships usually operate for long periods at different power setting depending on the role of
the ship. Therefore the residual life of the marine gas turbine is considered with respect to creep
life for the purpose of analysis and aims to specify creep life as functions of engine exploitation
pattern and engine degradation.

For marine gas turbines the time spent at various power regimes is an important
consideration followed by the temperature. Current generation advanced GTs offer higher
power-to-weight due to increase pressure ratios and temperatures, the time spent at higher
temperature is significantly less for a marine gas turbine, nevertheless, it reduces the creep life.
Times spent at different temperature are varying and therefore the mission profile should be
known. All Naval ships do not have same mission profile and depend on its role e.g a ship
carrying out a an antisubmarine or minesweeping operation would spend majority of its
exploitation at lower regimes and some small missile boats are used of fire and run and would
operate at higher regimes periodically. Figure-5 shows some arbitrarily chosen mission profiles
for the purpose of study. These mission profiles have been applied to an imaginary ship fitted
with one intercooled recuperated turboshaft engine for main propulsion.

The mission profiles in figure 5 are simulated assuming that each mission lasts for 100
hours. The creep life consumed is calculated using the procedure show an Appendix ‘A’ and
results are shown in table-4. The principle of balancing the negative effects of higher load
operation by periods of operation at part load is used. However, it should be recognized that
the non-linear nature of the engine and the variation in parameters does not result in one for one
compensation for over and under firing. By obtaining the creep damage factor for a particular
profile one can identify the actual life usage of the hot components by dividing the actual hours
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of operation of the engine by the damage factor. Let us consider a case, in which an engine
was designed to operate at full power for 100hrs. However, if the same engine is operated
according to operating profile shown in CASE-A (fig-5) which is benign compared to what it is
designed for, results in a creep life usage factor of 19.68. Therefore the total duration operated
divided by the creep life usage factor would result in a consumption of only 5.08 hrs. Likewise, it
can be observed that other profiles also result in increased exploitation periods which is
important to understand particularly for inspection of hot end components. The results for
various cases is shown in table-4.

100%

80%

B 50%
060%
O075%
B 90%
0100%

60%

40%

20%

0%

FIGURE 5. Mission Profiles

TABLE 4. Creep Life Usage

Case Creep Life Fraction Life Consumed /100 Hours of Operation

Case-A 19.68 5.08 Hours
Case-B 412 24.27 Hours
Case-C 15.99 6.25 Hours
Case-D 10.94 9.14 Hours
Case-E 2.51 39.84 Hours
Case-F 1 100 Hours

CONCLUSION

This paper proposes the use of advanced engine fault diagnostics techniques which could
be used for planning maintenance activities and manpower. The ability of the diagnostics
systems to quantify a fault is of great importance as that would give an insight into the actual
condition of the engine and the possibility of simulating the engine to understand the effects of
such faults. Crucial decisions on the operational availability and maintenance could be made
based on the life prediction model. This paper deals only with the creep life usage for life cycle
management in a limited way. However, a more comprehensive system which includes various
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factors like cyclic fatigue, hot corrosion, environmental conditions etc. will have to be considered
for more realistic analysis.

APPENDIX ‘A’

CREEP LIFE CALCULATION PROCEDURE

The life of the rotor blade can either be established by a manufacturer's warranty for a
particular operating condition and type of duty or by a minimum requirement. For the purpose of
the analysis the HP rotor turbine blade life has been assumed to be 80,000 hrs for the
Intercooled-Recuperated engine. Having ascertained the design point life the next step is to
calculate the lives at various operating points. These require the use of Larson Miller Parameter
(LMP) for which component stress and metal temperature are to be calculated. In addition the
creep life usage would depend on the mission profile of the ship and therefore it is important to
know the time spent at different power setting ( for temperatures). The procedure is enumerated
in below:-

(a) Stress Calculation. Stresses in rotor blades are basically caused due to centrifugal forces
and due to gas bending forces. The total stress at any given time is the sum of the two forces.
Since the centrifugal force is directly proportional to the rotational speed of the component, it
follows that the stresses arising from such force will be directly proportional to the square of
spool speed. Therefore the stresses arising due to the spool speed at any given time can be
calculated using:

2
o { N } @

Gdesign Ndesign
this can also be represented as:

O = Ogegign X PCN? )
where,
o = Stress
N = RPM

PCN = Spool speed relative to Design Point RPM

(b) Metal Temperature calculation.

Since the turbine blades are cooled, the metal temperature would be less than the gas
temperature and would depend on the gas temperature around the component, coolant
temperature at inlet and outlet of the component and mass flow of the coolant air into the
component. Also the temperature will vary from point to point along the radial and transverse
direction in the blade. It is therefore it is very difficult to obtain the true temperature at all points
on the blade and it is reasonable to assume that the overall cooling effectiveness would remain
constant and the following relation would hold good

= Tgas _Tmetal (3)
Tgas _Tcoolant
Tmetal :Tgas _g(Tgas _Tcoolant) (4)
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Cooling Effectiveness ¢ in its basic form is defined as:

e ©)
1+mn,

(c) Creep life at a given temperature.

The next requirement is to calculate the time to rupture at a given temperature and it depends
on the LMP and temperature. LMP depends on the temperature and stress and it is related to
stress by the formula:

P =A(logo)+ A, (logo)? + A (log o)® + A, (log &)* (6)

The next step is to calculate the value of LMP at design point and it can be done using the
design life and design point temperature. The values of constants from the creep rupture data
are A;=18.4, A,=2.14, A;= -2.32 and A,= 0.27 for the WR21. Using the constant values the
design point LMP and design stress are 26.54 and 31.02 KPas respectively for WR21 model.

(d) Creep damage determination.

The creep damage resulting from each time interval t , of applied stress is defined as the ratio of
the time (T) to the time-to -rupture (TR). The creep damage is then defined as the summation
over the cycle of the ratio t/tr. The portion of the total damage attributable to the creep tis then
obtained by summing the damage for all the applied cycles. If the applied cycles are the same
the summation reduces to n times the summation obtained for one cycle. Using Miners’ Law
which states that the cumulative creep life is the inverse of sum of the ratios of rupture time to
time spent at that particular condition. Minor’s law can be mathematically represented as:

l:Tﬂ_FTﬂ_Fﬂ.F ...... + "N (7)
T T, T, T. Ty
1
Therefore T= (8)

where

T is the cumulative life of the component
Trn Is the rupture life of component at condition N
Ty is the life component spends at condition N
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Assessment of the Conversion of a Helicopter Engine
for Electrical Power Production

Tsiokas S.2, Roumeliotis 1.°, Aretakis N.¢, Alexiou A.°

 Technical Directorate, Hellenic Army General Staff
® Section of Naval Architecture & Marine Engineering
Hellenic Naval Academy, Piraeus, Greece
¢ Laboratory of Thermal Turbomachines
National Technical University of Athens, Athens, Greece

Abstract. The paper considers the conversion of the T53-L-13B turboshaft engine for
electrical power generation. Small gas turbines generators are compact, have low
emissions and exhibit potential for low day to day operating and maintenance cost. Their
quick start-up capability allows them to power up very quickly; their compact size provides
easy foundation and compact footprint, while they are ideal for cogeneration applications.
These features suggest that small gas turbines may be suitable for distributed power
production. At the same time legacy military vehicles utilizing gas turbines as prime
movers, such as helicopters and aircrafts, are retiring creating an inventory of gas turbine
engines and their spare parts. The conversion of these gas turbines for civilian use such
as generators for electricity and/or heat production and pressure pumps is a path worth
examining. The scope of this work is to investigate the conversion of the T53-L-13B
engine, available to the Hellenic Army, for electrical generation. The investigation is
conducted by developing an adapted engine performance model capable to reproduce the
available engine performance data at design and off-design operation. The simple cycle
engine model is extended for simulating (design and off-design) a recuperated version of
the engine. Using the engine performance models the conversion of the engine to
electrical generator is assessed in terms of operability and performance. For the
technoeconomic evaluation of the conversion several cases of interest are examined by
applying the NPV method using a whole year ambient conditions data for calculating the
annual electrical power production and fuel consumption. The results indicate that the
conversion is feasible in terms of operability, given that the engine does not operate
synchronized at low power settings. The addition of a recuperator significantly reduces the
engine fuel consumption at the expense of surge margin and engine net power. In terms
of investment assessment the recuperated cycle is the best candidate for base load
operation giving an electricity price reduction of 19% compared to the simple cycle for ten
years payback period. For standby generator an available converted T53 engine is a
rather promising candidate even compared to Diesel engines.

Keywords: Gas turbines, Performance assessment, Performance Modeling, Small-scale
aeroderivatives, Technoeconomic assessment,

PACS: 88.05.Lg, 89.40.Dd

ISSN:1791-4469 Copyright © 2014, Hellenic Naval Academy
A-15



NAUSIVIOS CHORA, VOL. 5, 2014

INTRODUCTION

Small gas turbines (up to 5MW) offer an attractive alternative for electrical power generation
within distribution grids and for consumers wanting to generate their own power. Their main
disadvantage, especially for the power range up to 3MW is the noticeably higher price per
kilowatt than competing reciprocating engines, due principally to low production volumes. As
distributed generation applications increase, manufacturing economies of scale could make
small gas turbines a source of power or combined heat and power to commercial and small
industrial customers with high intermediate power prices [1].

Several small gas turbines are derivatives from turboshaft and turboprop engines converted
by the engine OEMSs [1]. In this context the conversion of existing retired helicopter engines for
commercial use is a path worth examining. At this time a great number of military vehicles that
utilize gas turbines as prime movers are retiring, thus an inventory of low priced gas turbines
and their spare parts is available. Several attempts to utilize these gas turbines for civilian
application, such as their use to pressure pump systems for hydraulic fracturing are undergoing
[2], thus it is of interest to the owners of these gas turbines to assess their conversion for
electrical or mechanical power production, rather than selling or retiring them. The conversion of
an existing gas turbine is expected to significantly reduce the investment and maintenance cost
for the owners of the engine.

For assessing the conversion of an existing helicopter engine available to the Hellenic Army
the operability and performance of the converted engine should be examined. The main
modifications and equipment needed for this conversion should be recognized and their
feasibility and cost should be determined. Also the economic benefit of converting an existing
engine should be evaluated and be compared to available technical solutions. In order to
achieve these objectives the first step is to obtain a reliable engine performance model of the
turboshaft engine and examine its operation as a genset namely with constant power turbine
rotating speed. Following the creation of a reliable engine model the power production and fuel
consumption for suitable operating profiles can be calculated and used for the economic
assessment of the conversion.

In this paper the conversion of a helicopter turboshaft engine to an aero-derivative industrial
gas turbine for electrical power production is considered. An engine model adapted to available
test-bed data is created and used for assessing the engine operability and performance when
used for electrical power production (operation with constant power turbine rotating speed). The
changes on performance and components operability are recognized and discussed. Since the
performance enhancement of these engines by applying recuperation and/or intercooling are of
interest, as discussed by Nkoi et al. [3] the addition of a heat exchanger to the existing engine
for recuperation is also examined and assessed in terms of performance and operability. The
engine models are used for calculating the produced electrical power and fuel consumption
throughout a typical year taking into consideration the variation of ambient condition. The cost of
engine conversion and other investment costs for utilizing the engine as genset are defined and
the investment is evaluated for operation as base load and standby unit.

ENGINE PERFORMANCE MODEL

ENGINE DESCRIPTION

The engine considered for conversion is the turboshaft engine T53-L-13B, which entered
service in 1966 and is powering the UH-1 helicopters of the Hellenic Army and its civilian
versions the Bell 204 and 205 helicopters. In Greece the engine maintenance, overhaul and
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testing is done by the Hellenic Aerospace Industry (HAI) which is an approved and certified
maintenance center by the engine OEM (Honeywell). T53 is a twin shaft engine with a mixed
flow compressor consisting of 5 axial flow stages and one centrifugal stage, a two stage gas
generator turbine and a two stage power turbine. The combustor is annular of reverse-flow with
22 fuel nozzles. The engine has a reduction gearbox with a ratio of 3.2105/1. The secondary air
system provides cooling air to the turbines stages and air for sealing and pressurization. For
part load operation an interstage air bleed valve (Bleed Off Valve) located at the exit of the
fourth compressor stage is used for ensuring stable operation over the whole operating
envelope. The engine schematic is depicted in Fig. 1. The engine reference performance data is
given in TABLE 1.

e
CUBTONE NS A |

44 Power Turbine
Inlet

4 Core Turbine
Inlet

31: Combustor
Inlet

1: Engine
Inlet

2: Compressor
Inlet

26: Centrifugal Stage

Inlet Exit

FIGURE 1: Engine Schematic

TABLE 1: Engine Datum Performance [Z@dApa! To apxeio rpoéAeuong TnG ava@opdg dev BpEOnKe.]

5 Turbine

Ratings Power | Gas Producer | Power Turbine | Output shaft | SFC[Ib/SHP/hr]
SHP N1[RPM] N [RPM] N2[RPM] (max)
(min) (max) (optimum) (optimum)
Reduction gear ratio: 3.2105/1 Exhaust area:
203 sqin
Take off 1400 25400 21190 6600 0.580
(max 21300) (max 6635)
Max continuous | 1250 24650 19390 6040 0.600
90% max.Cont. | 1125 24250 18655 5810 0.620
75% max.Cont. 938 23475 17465 5440 0.663

AUTOMATED ADAPTIVE METHOD

An engine model can be based on production engine data, fleet-average overhauled engine
data or engine specific data. In this context, it is important to have an adaptive procedure as
automated as possible for quick and accurate generation of engine specific models. The
PROOSIS gas turbine simulation platform is used to build the required engine performance
model [5]. PROOSIS is a tool capable of modelling any gas turbine engine configuration using
the default and/or any user-defined library of gas turbine engine components. Components are
described using a high-level object-oriented language while an advanced graphical user
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interface allows an engine model to be constructed graphically by ‘dragging-and-dropping’ the
required component icons from one or more library palettes to a schematic window, connecting
the components through the appropriate ports (Fluid, Mechanical, Fuel, Control, Secondary Air
System, Sensor, etc.) and editing their attributes [6]. The associated mathematical model
(Partition) can then be defined through the specification of appropriate boundary and iteration
(algebraic) variables. The final step is to describe one or more simulation cases (Experiments)
such as single or multi-point design, parametric, sensitivity, optimization, test analysis,
diagnosis, transient, etc. The tool also has the capability to perform multi-system, mixed-fidelity,
multi-disciplinary and distributed simulations ([7]-[9]). Last but not least, different types of
customer decks can be automatically generated for a variety of platforms while a standard
interface is available for some applications (e.g. MS Excel and Matlab/Simulink). The tool’s
flexibility and configuration control capabilities along with its clear distinction between modelling
and simulation tasks makes it ideal for automating the work of the performance engineer. In
order to generalize and automate the model creation process, the authors have developed in
PROOSIS a library of various gas turbine engine configurations. For each configuration, a single
robust mathematical model is created. Various experiments are then defined for this partition in
order to create the final engine model as shown schematically in Fig. 2. For the design point
calculation, the model uses known data and best engineering judgment in order to fix the model
unknown details and calculate parameters that are needed for the off-design calculations such
as nozzle areas and turbomachinery component map scaling factors. The first step in the design
point procedure is to select the operating point at which the calculation will be carried out. In
practice, a multi-point method is employed utilizing the available discrete operating point data.

Create required engine configuration (schematic) using
standard or custom library engine components

Define mathematical
model (Partition)

I Perform I |
I | Design point analysis | | Design point sensitivity analysis
| M & optimisation relative to
| design point performance
Performance I oK? NO | gn P P
data : : r
|
I YES Ll "
! Perform |
I Off-design analysis 1
L e e el -
N N B N M N N N N N -
Genarate) YE° oK NO | Design point sensitivity analysis
Deck e | | & optimisation relative to off-

design performance

Map adaptation
(general & local)

FIGURE 2: Model Creation Process

A typical approach is to carry out the design calculation at one representative point e.g. “take
off” and then check whether the requirements and constraints at other operating points are met.
The procedure is repeated until the best compromise is achieved. The differences between
model predictions and available specifications can be minimized through a two-step procedure.
Initially, an optimization algorithm (Simplex [10]) is employed that adjusts selected design point

http://nausivios.snd.edu.gr/nausivios

A-18



PART A: Mechanical and Marine Engineering

performance parameters and component data (e.g. location of design point on turbomachinery
component maps, secondary air system flows, duct and burner pressure losses, etc.) within a
user-specified range in order to match the known performance at selected off-design operating
conditions. Next, for the calculated design point, the turbomachinery component characteristics
are modified according to the required off-design performance through scalars of isentropic
efficiency and corrected mass flow (global map adaptation scalars). The scalars selected are
typically the ones producing the lowest possible cost function with minimum variation. The
design point is included as an off-design point in the formulation of the relevant cost function
since the objective is to reduce all the differences between model predictions and specifications.
Finally, a third step maybe necessary in order to perform map adaptation locally at discrete
operating points that they were either not included in the previous analysis and/or cannot be
matched adequately with the last step global map adaptation scalars.

All the experiments are generic using globally defined variables for all the required inputs
(e.g. component maps, fluid model tables, design-point and off-design performance data, etc.)
and their values are set externally by the user through input files. Hence, the model of a specific
engine can be generated simply by modifying the input files of the corresponding generic
configuration and running the experiments. Using the tool’s intrinsic deck generation capability,
the entire model creation process can also be exported (e.g. as an executable with a graphical
user interface) using switches to select the required calculation. In addition, the final engine
deck can also perform fault simulation and diagnosis using gas path analysis.

T53 ENGINE MODEL

For the work reported here, the TURBO library of engine components available as standard
in PROOSIS is used to create the free turbine turboshaft engine model shown in Fig. 3. The
engine model has a gas generator consisting of an axial compressor (LPC) and a single
centrifugal stage (HPC) driven by the core axial turbine (CT). The free power turbine (PT) is
delivering shaft power through a gearbox component (GBX). The model uses appropriate maps
to define off-design performance for the turbomachinery components [11]. The combustor
pressure losses vary with the combustor inlet corrected mass flow rate while combustion
efficiency is a function of combustor loading [12]. Ducts pressure losses are a function of mass
flow rate. Cooling/sealing flows for the CT and PT components are extracted from the LPC and
HPC exit as required. Shaft and gearbox transmission losses are also accounted for. Stability
and customer bleed as well as customer power extraction can be specified. JP-4 is used as fuel
in this study. The TURBO library in PROOSIS uses three-dimensional linearly interpolated
tables for calculating the caloric properties of the working fluid in the engine model. These are
generated with the NASA CEA software [13]. For a given set of ambient conditions, the model
only needs the power required or the fuel flow and rotational speed at the gearbox outlet shaft in
order to calculate the complete cycle.

Data from the HAI engine test bed are used for building a model that closely represents a
tested engine performance. The available measured data set is given in TABLE 2. The take-off
operating point is selected as the design point (DP). Basic parameters at the design point such
as nozzle area, pressure loss coefficients, cooling air flows and pressure ratios of axial and
centrifugal compressor are specified by using measured data combined with literature data such
as overall pressure ratio, utilizing basic aerothermodynamic analysis principles. Then the
adaptive method described is used for evaluating component map scaling factors and design
points locus. Having built an adapted model the complete cycle data are calculated for given
fuel mass flow (WF) and gearbox outlet shaft rotational speed (NIl). Depending on the analysis
different engine control variable can be used (e.g. Shaft Power PWSD, Turbine Entry
Temperature -TET etc). As seen in TABLE 3 the adapted performance model built closely
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represents the engine operation, with a difference of less than 1% from the available measured
data.

e I : Com!usto i & r,lorzle

Inlet 2
E" > * o< ¢ e ommm— eTeE—— O 5 S ol a
Gas Generator Shaft . - o e

FIGURE 3: Turboshaft engine PROOSIS schematic diagram & station numbering

TABLE 2: Engine Measured Data

GG speed GBX shaft Power Fuel Flow EGT Pt1 Pt2 Tamb

Ratings [RPM] speed [RPM] [kW] [kg/s] [K] [bar] [bar] [K]
75% 24130 5502.9 735.77 0.07686 | 789.15 | 1.00914 | 1.00576 | 285.15
max cont 25146 6033.3 967.31 0.09261 827.15 | 1.00914 | 1.00406 | 285.15
take off 25400 6265.35 1071.23 0.10029 843.15 | 1.00914 | 1.00237 | 285.15

TABLE 3: Model Deviations (Deltas) from Measured Data

take off[DP] | max cont 75%

Apower[%)] 0.000 -0.556 0.091
ANI[%] 0.000 -0.783 -0.642
ANII[%] 0.000 0.000 0.000
AEGT[%] 0.000 -0.057 -0.440
AWF[%] 0.000 0.000 0.000

ENGINE OFF-DESIGN OPERATION

Having built a reliable model that closely represents the engine performance and operation
the next step is to analyze the engine operation as electrical power generator. The turboshaft
engine is designed so that the speed of the power turbine varies with load demand. For its
application as electrical power generator the power turbine roational speed should remain
relatively constant after synchronization to ensure frequency stability. The gear box rotational
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speed for the electrical generation version of the engine is selected equal to 6040 rpm, which is
the max. continious rating GBX rotational speed. The full power for the genset is defined
according to the TET calculated for the max. continious rating. The stability bleed flow schedule
is selected to ensure stable operation throughout the whole engine operating envelope. The
engine operating line from 20% up to 100% of power can be seen in the following figures.

As seen in Fig. 4 and 5, operating the engine with constant power turbine rotational speed
results to operation with reduced surge margin at part load for the LPC, while the HPC operates
at acceptable surge margin. At high power the surge margin of the LPC and HPC is acceptable
and close to its original value. The operating line (power increase) of the power turbine for
constant and varying speed operation is depicted in Fig. 7. As seen power turbine operation is
limited when the engine operates as genset. The engine can operate synchronized only if the
power is greater than 20% of the nominal one. The limitations enforced by the power turbine
should be taken into consideration when the transfer switches (in the case of grid-isolated
standby units) or the grid interconnection equipment is considered. In any case the genset can
operate for a significant load range after synchronization. The Specific Fuel Consumption (SFC)
variation with shaft power PWSD for ISO conditions and for electrical power generation is
illustrated in Fig. 8. At high power conditions SFC remains almost constant but increases
sharply at lower power setting, as expected. The engine’s SFC at max. power is comparable to
the avaialabge commercial non-recuperated engines of the same power rating [14, 15].

2.5+

Pressure Ratio
[N
L

1.5+

Corrected Mass Flow

FIGURE 4: LP Compressor Map and Operating line

Pressure Ratio

Corrected Mass Flow

FIGURE 5: HP Compressor (Centrifugal Stage) Map and Operating line

ISSN:1791-4469 Copyright © 2014, Hellenic Naval Academy

A-21



NAUSIVIOS CHORA, VOL. 5, 2014

4 R
ﬁ,«—~41j"Auilg_-4,4—~4F
T e T e
e B E i e
- S ]
35 £ e e =
e L e
L | ]
3 [ T e
¥ T | e
= f_ﬁ//—»—ff/",eg!*’ ]
i B
23 ST FLiaettti R
e e
2 /ﬁ;i% jﬁ7
15
1.1 12 1.3 1.4 1.5 1.6 1.7 1.8
[NcRdes * Wc]
FIGURE 6: Core Turbine Map and Operating line
3
gt Engine
operation for
25+ constant
‘ GBX
rotational
. speed
o Engine start-up and _Sp!
& 21 acceleration for /
varying GBX -
rotational speed
1.5
1-

FIGURE 7: Power Turbine Operating line for constant

15

0.8 +

|

0.7
0.6

]

KWh)

%5 0.5 -
4

004 -
[V
(7]

0.3

}

JEp—

25

iaialk Stk Skl s Sufaiuinds Rafuiiud Enfatuiude

3
[NcRdes * Wcl]

i S | [ )

T
1
I
I
I
T
I
i
i
1
T
I
I
I
|
T
1
1
I
I
+
|
i
1
+
I
I
I
I

0.2

i P P P

200

400
Power (kW)

600

800

FIGURE 8: Engine sfc-power performance curve

http://nausivios.snd.edu.gr/nausivios

1000 1200

A-22




PART A: Mechanical and Marine Engineering

RECUPERATED ENGINE OFF-DESIGN OPERATION

For engines of relatively low pressure ratio, recuperation is a mean to significantly enhance
the overal performance (decrease of full and part load SFC). This betterment is not free, since a
recuperator significantly decreases the shaft power due to pressure losses and increase the
cost and the complexity of the cycle. The recuperator is a heat exchanger connected between
the turbine exhaust and the compressor exit. During the process of recuperation, hot gases from
the engine exhaust are passed through the heat exchanger and increase the temperature of the
compressed air at the compressor exit. The compresed heated air is then fed to the combustion
chamber. The increase of the air temperature and, therefore, the use of less fuel to achieve the
desired turbine inlet temperature may increase the cycle overall efficiency, depending on heat
saved and power decrease due to pressure losses.

For caclulating the combustor inlet temperature, the heat exhanger effectiveness is used,
while the pressure losses are modelled via appropriate (hot and cold) pressure loss coefficients.
For predicting off-design recuperator performance the equations proposed by Walsh and
Fletcher [12] are used. The design point heat exhanger effectiveness is €pp=75%, and the cold
and hot stream pressure loss coefficients are PlLpp=3% and PLppn=4% respectively. The
engine model built in PROOSIS is depicted in Fig. 9.
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FIGURE 9: Recuperated Turboshaft engine PROOSIS schematic diagram

For the recuperated engine the increased pressure losses move the LPC and HPC operating
lines towards the surge line decreasing the surge margin, as seen in Fig. 10 and 11. The
decrease of the LPC surge margin at part load is signifcant thus if the engine is to be used as
recuperated the BOV schedule should be changed to ensure stable operation during power
increase (acceleration). Concerning the engine performance, as seen in Fig. 12 the engine SFC
is signifcantly decreased, while the engine power for the limit TET defined at the max. continious
rating is decreasing. Specifically the power at 100% is decreased by 16.3% relative to the
simple cycle and the efficiency is ehnanced by 24.4% to a value of SFC=0.259kg/kWh.
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ECONOMICAL ASSESSMENT of T53 GENSETS

For assessing the feasibility of the T53 genset for the Hellenic Army a preliminary economic
analysis of electrical generation is undertaken. For this purpose the Net Present Value of
investment (NPV) can be used as a measure of economic performance. It is the present worth
of the total profit of an investment, which results as the difference between the present worth of
all expenses and the present worth of all revenues. The NPV is calculated via eq. (1).

NPV = Zn:ct (1+d,)" (1)
t=0

Where C; is the profit or net cash flow (revenue + savings - expenses) in period t, d; is the
market interest rate during period t and n is the selected payback period. If NPV is greater than
zero then the investment is economically viable under the specified conditions (n, d,), if it is zero
the investment is economically viable and it has a return of the investment equal to d; for the
selected period (n) and if it is negative then the investment is not economically viable under the
specified conditions (n, dy).

For evaluating the economic performance of selected cases the investment cost, the
operation cost and the operating profile of the plant (availability, stand-by or baseline unit etc.)
should be calculated. The investment or capital cost breaks down to equipment cost, installation
cost and “soft” or project cost. The site development, installation and project management cost
are assumed negligible, since the means and trained personnel are available to the
organization. The equipment cost for the case of power generation includes the electrical
generator cost, the switchgear and interconnection cost and the cost of an additional gearbox
for connecting the engine to the generator. The generator and gearbox costs are estimated to
37k€ and 53k€ accordingly using off the shelf solutions [16]. The switchgear and interconnection
costs are estimated to 45k€ according to [17]. If the engine is not readily available it can be
purchased used/refurbished at the price of 155k€ and new at an estimated price of 360k€ [16].
For the recuperated engine the additional cost is estimated to the 68% of the simple cycle cost,
namely 245k€, according to [18]. The gas turbine operation cost is dominated by the fuel cost
which is assumed equal to 0.8€/kg;. The maintenance cost is assumed equal to 5.4€/MWh [19].
In the case of Hellenic Army the maintenance cost may be significantly lower, given that spare
parts and trained personnel are available.

For the evaluation of the annual electricity production and fuel consumption the engine
models (simple and recuperated cycle) are utilized for a typical annual ambient conditions
profile, assuming that the engine operates as base load at the maximum continuous rating TET
and rotating speed. It should be noted that the gearbox and generator efficiency are modeled
via appropriate efficiency curves. The generated electrical power for a whole year is depicted in
Fig. 13 for the case of simple and recuperated cycle.

Having calculated the engine performance throughout the year the economic evaluation of
the cases of interest is performed by calculating the electricity price for zero NPV and 10 years
payback period. The data used for this preliminary economic analysis is presented in TABLE 4.
The electricity price to achieve 10 years payback period (NPV=0) for the examined cases is
presented in Fig. 14. It can be easily concluded that the engine acquisition cost has small effect
on the investment payback, since the fuel cost is the dominant parameter. The utilization of
recuperation results to a decrease of the electricity price by 18.5%, thus making it a worth
examining solution if the engine is to be used as base load generator. It should be considered
that a recuperated engine may have additional maintenance costs.
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TABLE 4: Technoeconomic Data
Simple Cycle Recuperation Cycle
Available | Used New | Available New
Engine Engine | Engine | Engine Engine

Investment Cost [k€] 135 290 495 380 740
Electrical Power Production [MWh/year] 8023.29 6015.96
Fuel Consumption [tn/year] 2920.4 1726.58
Fuel Cost [€/kgi] 0.8
Maintenance Cost [€/MWh] 5.4
Market Interest Rate[%] 6
Payback Period [years] 10

Another use of the engine is as standby generator. In this case the engine acquisition cost
becomes dominant, thus the investment should be re-evaluated. Gas turbines are ideal for
emergency generators especially in remote sites due to their infrequent maintenance and
compactness.

The standby engines may operate less than 150 to 200 hours per year, so setting the
operating hours as 200 per year the electricity price for the cases discussed above changes
dramatically, as depicted in Fig. 15. It is apparent that for infrequent operation the use of an
existing engine is expected to significantly reduce the cost of electricity for the operator, while
the Recuperated cycle presents no advantage when periodic operation is considered. The low
electricity price for the case that the engine is available indicates that the utilization of the
converted turboshaft engine as standby generator may be economically viable compared to the
acquisition of a new Diesel genset. The cost of a Diesel genset of 1MW excluding the enclosure
cost is approximately 400k€ according to [17]. The maintenance cost of a Diesel genset can be
assumed equal to 9.2€/MWh [19] or if outsourced in the range of 2k€ to 5k€ [17] for 200 hours
operation per year. The main advantage of the Diesel engine is its low SFC, which for a High
Speed Diesel engine is in the range of 0.2 to 0.22kgf/lkwh [18]. Assuming a fixed SFC of 0.21
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kgf/kwh, since the detailed modeling of the Diesel engine is not in the scope of the present
paper, the electricity price for the case of Diesel standby generator for 200 hours of operation is
calculated equal to 0.463€/kWh, exceeding the converted turboshaft engine electricity price by
approximately 16.7%. This preliminary evaluation indicates that the conversion of the existing
turboshaft engine for use as standby generator in remote sites can be a viable solution for the
Hellenic Army and should be examined in greater detail.

0.4

0.2989 0.3015 0.305

o
w
|

o
N
I

Electricity Price (€/kWh)
©

FIGURE 14: Electricity price for 10 years payback period
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FIGURE 15: Electricity price for 10 years payback period — standby generator

SUMMARY

The conversion of an available helicopter engine (T-53) to genset has been discussed and
assessed in terms of performance, operability and economic viability. An appropriate design and
off-design model of the turboshaft engine has been built and adapted to available test-bed data.
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The analysis of engine operation for power generation indicated that the engine will operate at
reduced surge margin at part load. At the same time the power turbine introduce limitations to
part load operation. Specifically the engine can not operate synchronized for power less than
20% of the nominal one. The performance of the converted engine is in the range of the
commercially available small gas turbines and close to the turboshaft engine performance.
Since modified engine cycles are of interest for the case of small gas turbines, the simple cycle
engine model has been modified for modeling gas turbine recuperation. The off-design model
has been used for evaluating the performance and operability of the recuperated engine. The
results indicate that the recuperated engine will have operability issues with respect to surge
margin if the BOV schedule remains unchanged. Recuperation of the specific engine results to
the decrease of nominal power by 16.3% and to the decrease of specific fuel consumption by
24.4%. The recuperated engine nominal SFC is 0.259kg/kWh, which is rather good compared
with commercially available small gas turbines.

The engine performance models have been used for calculating the annual produced power
and fuel consumed for the ambient conditions of a specific site. This data has been used in
conjunction with suitable economic data for calculating the levelized cost of electricity (LCOE)
for a payback period of ten years and several cases for assessing the benefit of converting the
engine versus buying it. The results indicate that for base load application the acquisition cost is
a small parameter of the total cost and the converted engine offers a 2% benefit when
compared to a new engine. On the other hand a recuperated engine has a 17.5% benefit in
terms of LCOE compared to the simple cycle engine. In this context the investment for a
recuperated engine may be economically feasible for the case of high utilization of the engine.

Small gas turbines are also used as emergency / standby generators. For low engine
utilization the acquisition cost becomes dominant, thus the converted engine LCOE is half of the
new engine’s LCOE. The investment for the case of the recuperated engine is not justifiable,
since the additional heat exchanger cost results to a LCOE higher than the one of the simple
cycle engine. Finally a preliminary comparison between the converted turboshaft engine and a
new Diesel genset for annual operation of 200 hours indicates that the user can have a cost
reduction of 16.7% if the converted engine is used instead of buying a new Diesel genset.
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H E@pappoyn Tou Ogppoduvapikd Zuvouaouévou
2uoThparog Joule-Brayton / Rankine wg lNpowoTtiRpio
2uoTtnua og Zuoyxpova lMAoia

lwavvng X. Katoavncg®, Eubduiog . Mapiwng® kar @eddwpog K. Zavvng®

“Touéagc Naurrnyiknic kai Nautikii¢ MnyavoAoyiag, 2xoAn Nautikwv Aokiuwv, Tépua Aewe.
Xarlnkupiakou 18539 leipaidg

MepiAnyn. XNV TTapoUca epyacia TTAPOUCIAZeTal N QUVAMIKA TTOU SloQaiveTal va €XEl N
EQOpUOY ouvouaopévwy  Bepuoduvapikd KUkAwv Joule-Brayton / Rankine (ue
epyalopevo péco aTPO WG KUKAO BAong) o€ KUplEG pnxavég TTpoéwaong, AauBavovtag
uttéwn TO VEO TOTTIO TTOU OIAPOP@PWVETAI OTNV VauTIAia PeE Tnv BEommon auoTnpAg
TEPIBANNOVTIKIG  vOPOBeoiag 600 a@opd TIG EKTTOPTIEG PUTTWY, OANG Kol Tnv
TTEPIEKTIKOTNTA TOU Kauaiyou o€ B¢io. O1 véeg autég ouvlnkeg emRAGAAOUV TNV aAAayr Tou
@OnvoU KAUCIJOU TTOU XPNOIUOTIOIEITAI £€WG TIC NUEPES WAG OTIC GPYOOTPOPEG UNXAVES
NTAZeA Kal TTpoépxeTal atrd Ta KATAAoITTa Tng dIUAIoNG Tou TTeTpeAaiou, Adyw TnG uWNAAG
TTEPIEKTIKOTNTAG TOU ©€¢ Beio. Autd TO yeyovog emnpedlel KaBopIoTIKA TO KOOTOG
AgiIToupyiag, evw Tautdéxpova yia Tnv TTAEUCON Ot OPIOUEVEG TTEPIBAANOVTIKG cuaioBnTeg
TTEPIOXEG, Eival UTTOXPEWTIKN N AQWN TTPOCOETWY PETPWY OG0 aQOopPd TIG EKTTOUTTEC PUTTWV.
ATTodeIkvUETAI OTI UTTO TIG TTAPOUCES OUVOAKEG, Kal €10IKA YIA OPIOCUEVOUG TUTTOUG OKAPWY
/ xpAoeig, ol hyeydAor dixpovol kivnTApeg NTAZeA Ba pttopoucav va avrikataoTabouv atrd
OUYXPOveG aePIOOTPORIAIKEG  €YKATAOTAOEIC OUVOUAOUEVOU  KUKAOU, OTTOKOMICOVTOG
TAUTOXPOVA OIKOVOMIKA, TTEPIBAAAOVTIKA Kal SIaXEIPIOTIKA OQEAN.

Aégeig - kA&1d1d: Joule-Brayton, Rankine, cuvduaouévog KUKAOG

EIZArQrH

To TTayKOOMIO eUTTOPIO PECW Twv BaAacoiwv odwv €xel augnBei TIg TeAeuTaieg deKAETIEG
ATTOTEAWVTAG TNV KUPIA 000 METAPOPAC EUTTOPEUNATWY TTayKoopdiwg [1].H TTAclovoTnTa TWV
HNXavwy TTpowong Kabwg Kal Twv FondnTIKwy cuoTnUATwy TTOVTOTTOpWY TTAOIWV CANEPA gival
pnxavég Diesel, ue 10 TOCOCTO TOUG OTA EUTTOPIKA TTAoIa Gvw Twy 100 tons gross va @Bdvel oTo
96% Tng eykaTeoTnuévng 10XUOG [2]. EVOeKTIKA €IKOva TNG KATOVOWNG TOU TTAYKOOMIOU
EUTTOPIKOU 0TOAOU (0€ TTooooTIaia Bdon) avdAoya pe Tov TUTTO TOU TTAOIOU Kai TO gUCTNUa
TTPOWONG TTOU XpnaoldoTrolgiTal (TUTTOG KIVNTAPA Kal KAUGIPO) TTPOKUTTITEl aTTd TNV €€ETACN TOU
Mivaka 1, o oTroiog TTpoépxeTal atmd emeepyania Twv OToIxEiwv TG BAong SedouEVWIV TwV
Lloyd’s yia Tnv 1Tepiodo atrd 1o 1999 ewg 10 2010 [3].

O1mwg @aivetal, o1 KivnTApeg NTAZEA XwpilovTal o€ TPEIG KATnyopieg avaloya e Tnv
TaxutnTa TepioTpo®ns : Slow Speed Diesel (SSD), Medium Speed Diesel (MSD) kai High
Speed Diesel (HSD), evw mapdAAnAa epgavifovTal Ta TTOOOOTA TTOU QVTIOTOIXOUV O€ TTAoIa Mg
ovuoTnua TTpoéwaong atugou (Steam Turbine) kai agpooTpofIAIKN eykatdoTtacn (Gas Turbine).
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Eival avepd 611 oTov oUyXpovo OTOAO Ta aTpokivnTa TTAoia €xouv TTAEov oXedOV eCaANQBEi, evw
01 agpo0TPORIANIKEG EYKATAOTACEIC CUUUETEXOUV HE MIKPO TTOCOCTO KUPIWG € TTAOIO UETAPOPAG
empBarwv (Passenger) kal oxnuataywyd (Ro Ro Cargo). Z1a pyeydAa mTAoia HETAQOpAg QopTiou,
ol apyooTpool dixpovol Kivntripeg Diesel gival Kupiapxol.

MINAKAZ 1. Karavoury ouoTnudtwy TTpoéwaong Tou TTayKOoUIou aTOAOU o€ K&Be TUTTO oKAPOUG (OToIXEID

2010) [3]
Ship category Ss5D 85D MSD MSD HSD HSD GT GT ST ST
MDD BFO M BF( MDO BF () MDD BF() MDO BF(
MMGO MGO IMGO MGOD MGO
Liguid bulk ships 0.87 T4.08 3.17 2047 0.52 0.75 0.00 014 Q.04 0.00
Dry bulk carriers 0.37 91.63 .63 7.29 0.06 0.02 0.00 0.00 0.00 0.00
Contamer 1.23 92 9% 011 53.56 0.03 0.09 0.00 0.00 0.00 0.00
Ceneral cargo 0.36 44 59 H48 41.71 4.30 0.45 0.00 010 0.00 0.00
Ro Ro Cargo 017 20009 Q.86 50 82 557 223 227 0.00 0.00 0.00
Passenger 0.00 3.81 5.68 T6.Y98 368 1.76 4.79 329 0.04) 0.02
Fishing 0.00 0.00 84 42 182 11.76 (.00 0.00 0.00 0.00 0.00
Others 048 30.14 2954 19.63 16.67 2.96 .38 0.20 .04 0.00
Tugs 0.00 0.00 3999 6.14 5280 078 028 0.00 0.00 0.00

580 - Slow Speed Diesel, MAD — Mediwm Speed Diesel, HSD - High Speed Diesel, T — Gas Turbine,
5T = Steam Twurbine; MDO) —Marine Diesel O, MG —Marine Gas O, BFO —Bunker Fuel Oil

H kuplapxia Twv pnxavwy Diesel o@eileTal oTnv agIoToTia TOug, TNV UWNAr atTrédoar| Toug
og O6Ao TO €Upog dIaKUPAvVONG TNG 1I0XUOG TOug KaBWG Kal oTo yeyovog OTl (€18IKA o1 peydAol
apyooTPOQPOI KIVNTHAPEG) WTTOPOUV va AEITOUPYHOOUV WE KOUGIPO TTOU TTPOEPXETAl OTTO TA
kartdAoitra divAiong Tou TreTpeAaiou (Residual Diesel Oil) i pe Bapu meTpéAaio (Heavy Fuel Qil),
TO OTTOIO £XEI IBIAITEPA AVTAYWVIOTIKA TIUA 0€ oxéon PE Ta KAAoPATa TTETPEAQioU.

2YIT'XPONH NEPIBAAAONTIKH NOMOOEZIA

Mapd 10 yeyovog OTI TO KOOTOG TOU KAUCGIHMOU OTToTeAEl KOBOPIOTIKG TTapdyovTa oTnv
€TTIAOYI) TOU CUCTAPATOG TTPOWONG, OTNV oUYXPOVN TTPAYUATIKOTNTA, OTTWGS aUTH SIaUOPPWVETAI
até TNV d1EBvA vouoBeaia yia Tov TTEPIOPIOUO TWV EKTTOUTTWY PUTTWY OTNV VAuTIAia, KaBioTaTal
QvayKaoTIK N TTPocapuoy Twv VEwV OAAG Kal TwV UQPIOTAPEVWY TTAOIWV O€ auoTnpoug
TTEPIOPIOPOUG TTOU OXETICOVTal APECO WE TOV TUTTO TOU KOUGIMOU (KOI OUYKEKPIPEVA ME TNV
TTEPIEKTIKOTNTA TOU 0€ Beio) KaBwg Kal Ye TNV AsiIToupyia Tou KivnTApa, TNV atmdédocr Tou Kal TIg
QVNYMEVEG EKTTOUTTEG pUTTWYV 0&eidiou Tou AlwTtou (NOX).

ZUpowva pe Tnv vopoBeaia tou Aigbvrp OpyaviopoU Nautidiag (International Maritime
Organization) kai Tnv AieBvy ZouBaon yia v MpdAnwn tng Putravong atméd ta mAoia (MARPOL
73/78), Ta 6pIa UTTOUTING 0&EIdiwV Tou AZWTOoU aTTd KIVNTAPES TTACIWV PE OAIKA XwpnTIKOTNTA
(gross tonnage) peyaAutepn Twy 400 TOVwy TTapouacidalovTal oto akdAouBo Zxnua 1 [4].

MNa Ta véa mAoia (Kataokeung petd tnv 1/1/2011) eival uttoxpewTik n KAAuwn Twv
ammaitiiocwyv Tier Il evw yia Ta TTAcia TTou dpaCTNEIOTIOIOUVTAI OE €uaicBnTeG TTEPIBAANOVTIKG
mepioxég (Emission Control Areas) 1a péyiota opia avnypévwy ekTToptmwv putmwv NOx Ba
mpétrel va gival oupewva pe 1o Tier Il EmimAéov TiBevtal péyiota 6pia 600 agopd Tnv
OuyKkéVTpwaon Tou Kauoipgou NTAZeA o€ Beio (sulfur content), n otroia atmd 1o 2012 kal PeTA dev
TpéTTel va eival pyeyaAuTtepn atmé 3,5% m/m, evw yia TIG guaioBnTa TTEPIBAAANOVTIKA TTEPIOXEG
(Sulfur Emission Control Areas) autr] n cuykévipwon Treplopifetal o€ 1% m/m, OTTwG @aiveTal
oTtov Trivaka 2 [5]. Ta épia yivovTtal TToAU 1m0 auoTnpd petd 1o 2020 (Si1eBvwg) Kal petd 1o 2015
yia Tig Tepioxég SECA émrou mAéov n péyioTn TTepIekTIKOTNTA gival ion pe 0,50% kai 0,1%m/m
avTioToIXa.
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Tier|

Tier Il (Global)

NOzx Limit, g/lkWh

T — Tier lll (NOx Emission Control Areas)
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IXHMA 1. MéyioTta emTpetropeva opia ekTTouTrG Ogeidiwv Tou AlwTtou (NOX) atrd vauTIKoUg KIVNTAPES

Me Ta TpExovTa Kal JEANOVTIKG Opla (1K yia TI¢ SECA TTeploxEQ) TTaUEl va gival EQIKTH
n xprnion katoloitrwv TeTpeAaiou wg kauoipo (Residual Diesel Oil) akupwvovtag 10
TIAEOVEKTNUA TTOU TTPOCEQPEPE N XAUNAN TIUA TOU OTIG YEYAAEG apydoTpo®eg punXaveéG NTACEA.
EVAAAGKTIKG UTTAPXOUV TEXVIKA EQIKTEG AUCEIG E UWPNAG OHWG KOOTOG EYKATACTAONG KAl EAAEITTA
(Trpog TO TTAPAV) TEXVOAOYIK wpipavon kal atrodoxf amod Tnv vauTiAia, 6TTou eykaBioTavral
ouoThpaTa KaBapiopou Twv Kauoaegpiwv (aftertreatment methods) yia Tnv adpavotroinon Twv
eMPRAABWY CUOTATIKWY TTOU TTPOEPYOVTAl ATTO TO B€Ei0 TTOU TTEPIEXETAI OTO KAUGIWO.

MINAKAZ 2. MéyioTa emTPETTOUEVA OpIa CUYKEVTPWAN KAUGiuou o€ Bgio, cuuewva pe Tov IMO [5]

Outside SECAs Inside SECAs

4.5% prior to 1 January 2012 1.5% prior to 1% January 2010
3.5% on and after 1% January 2012 1.0% on and after 1% January 2010
0.5% on and after 1°' January 2020* 0.1% on and after 1*' January 2015

*depending on the outcome of a review by MEPC, to be concluded in 2018,
as to the availability of the required fuel oil, this date could be deferred to 2025.

& KABe TePITTITWON, €ival @avepd OTI O TPEXOUOEG KAl UEAAOVTIKEG aTTAITHOEIG OGO
a@opd Ta ETMTPETITA ETTITTEDA EKTTOUTING PUTTWY KABWG Kal TNG TTEPIEKTIKOTNTAG TOU KAUTIUOU O€
B¢eio, empBAaANouv TNV XpAoN VEWV TEXVOAOYILOV KAl EVOANOKTIKWY KAUCIMWY PeTaBAANOVTOG
OUCIAOTIKA TO KOOTOG Xpriong Twv KivnTApwy NTAZEA. YTTO auTég TIG oUvOnKeg kal AauBdvovTag
UTTOWN TIG TEXVOAOYIKEG €£CENIEEIC OTIG EVAANOKTIKEG ETTIAOYEG TTPOWONG, UTTAPXOUV TTEPITITWOEIG
OTToU, avAaAoya HE TO ETMXEIPNOIAKO TIPOQPIA Xpriong Tou KIVNTAPA Kal TNV TIEPIOXN OTTOU
OpACTNPIOTTOIEITAI TO OKAQPOG, N PEXPI OAUEPA Kupiapxn £TTIAOYN evog NTACEA KivnTApa TTavEl va
gival yovodpouoG.

2YT'KPIZH NTHZEA KAI AEPIOZTPOBIAIKQN EFKATAZTAZEQN
2YNAYAZMENOY KYKAOY

Me autd TO OKETITIKO, OTNV TIapouca epyaoia €EeTddeTal n duvaTOTNTA ETTITEUENG
OUYKpPIoIHWY BaBuwy atrédoong JE AUTWY TwV BiXPOoVwWwY HEYAAWY KIVNTHPWY, XPNOIHLOTTOIVTOG
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ouvouaopévo Beppoduvapikd KUkAo Joule-Brayton / Rankine, e€EaAeigoviag 10 OUykpITIKO
MEIOVEKTNHUO TTOU €XOUV Ol CUMPBATIKEG aePIOOTPORIAIKEC E€YKATAOTACEIG O OXEON ME TOUG
Oixpovoug kivnTApeg NTAEA, evw TTAPAAANAQ alOTTOIEITAlI TO E€YYEVEG XOPOKTNPIOTIKO TWV
aePIOOTPORIAIKWY €YKATACOTACEWY OCO a@opd Ta emiTeda €KTTOUTING PUTTWyY. O oUyXPOoveg
agPI0oTPOPIAIKEG EYKATAOTACEIG ETITUYXAVOUV TNV KAAUWN TWV auoTnpOTEPWY TTEPIBAAAOVTIKWV
opiwv (Tier lll) xwpic Tnv xprion TPOCOETNG TEXVOAOYIAG €TTECEPYOTIOG KaAUoAEPiwY, EVW
TTapdAANAa S10B8£TouV ONPAvTIKA uywnAdTEPN OUYKEVTPWON 10XUOG Kal aioBnTd HEIWPEVOUG
KpadaouoUg og ox€an Pe Toug avTioToixoug dixpovoug KivnTApes NTACEA, aToixeia TTou €I0IKA O€
OpICHEVOUG TUTTOUG TTAOIWV (T1.X. €mpRatnyd, kpoudaliepdtrAola, K.A.TT.) dagloAoyouvTtal wg
1010iTEPA BETIKA.

Mia eykatdotaon cuvduaouévou Bepuoduvapika KUKAoU gival auTr Katd Tnv oTroia évag
Bepuoduvapikog KUKAOG uwnAng Beppokpaaciag (KUKAOG Kopupng) ammoBdAAel Bepudtnta QHR,
TTOU QVOKTATAI KAl XpnOoIYoTrolEiTal atrd Tov KUKAO XaunAng Bepuokpaciag (KUKAoG Baong) yia
TNV TTapaywyr] TTPOcBeTng evépyelag (MNXavikiAg 1 nAektpikAg) WL, au&dvovtag £101 TOV
OUVvOAIKG BaBué amddoong [6], OTTWG QaiveTal oTO ZXAUA 2.

Wy
i Qua = Q
Yy
& f— ™
I
Qur=Q,

ZXHMA 2. AiaypapuaTikiy avarmapdoTaon 10avikou ouvOuaouévou KUKAOU (Xwpig evOIAuEDTES
ATTWAEIEG)[6]

2TNV TEPITITWON TWV AEPIOOTPORIAIKWYV EYKATOOTACEWY HE OLOOMEVO OTI O KUKAOG
Kopu®Ag Joule-Brayton éxel Treplopiopyévo Avw Oplo Bepuokpaciog AOyw Beudtwyv  TTOU
oxetiCovTal e TNV avToxX TWV UAIKWYV KATAOKEUAG Twv TITEPUYiWV, N TTPooBnKn evog KUKAOU
Baong ouoiaoTikG emOIWKEI va PEIWBEI N péon Bepuokpacia TTou atmoBAANAETal N BepudTNTA
Tpog 10 TrEPIBAAAOV (XapnAS Bepuodoxeio), waTe va augnbei o ouvoAikog Babudg amdédoong.
21NV 10QVIKY TTEPITITWOT OTTOU PETAEU TwV OUO KUKAWYV dev UTTAPXOUV aTTWAELIEG, 0 BewpnTiKOG
Babuég amdédoong Tou cuvouaouévou KUKAou Ba divetal atrd Tnv akdAouBn €€. 1 [6]:

W

Nep =— =N, +N_—N,-N 9)
Qs

OTTOU Ny Kal N gival o1 emuépoug Paduoi amdédoong Tou KUKAou Joule-Brayton kai Tou kKUKAou

Rankine avTtioToixa, evw nep €ival 0 Babuog ammédoong Tou GUVOUAGHEVOU KUKAOU.
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OewpwvTag WG evOeIKTIKO Babud amdédoong piag olyxpovng HEYAANG 10XU0G agplooTPORIAIKNAG
eykaraotaong ny=40% kai Tov avtioToixo BaBud amdédoong Tou cuvduacopévou KUKAou Bdaong
(Rankine) n;=30%, €@appolovtag TNV avwTépw OXEON KATAANYOUuuE Ot éva OUVOANIKO [BaBud
atrédoong Nep=40%+30%-40%*30%=58%. Eival Aoittév @avepd, 611 Tapd 10 yeyovog 0TI oTnv
TpoavaepBeica TepiTTTwon Oev  éxouv An@eBei umtdwn o1 aTTwAeleg, givalr  duvatdv
XPnoiIJoTroliwvTag ouvduaouévo KUKAo Joule-Brayton / Rankine va emteuxBolv Guykpiciuol
BaBuoi ammdédoong pe autoug TTou dIaBETOUV o1 Jeydhol dixpovol KivnTAPeG NTACEA.

AuTH n diammioTwaon, aTToTeAEl apeTnpia yia TTEPAITEPW Kal evOEAEXT MEAETN, KOBWG TTEPaA
atré Tov BaBud amédoong oTo TTAAPEG QOoPTio, yia TNV €TMAOYR avdueoa o€ diXpovo KIvnTrpa
NTAZeEA Kal agpIOOTPORIAIKA EYKOATAOTAON CUVOUACHEVOU KUKAOU, Ba TTpéTrel va AngBei coBapd
uTTOWn OTI 0 BABPOG ATTOSOONG TWV AEPIOCTPORIAIKWYV EYKATOOTACEWV PETARBAAAETAI ONUAVTIKA

- - =
-
-
-
-

50

45

Efficiency (%)
N
o

35

30

Diesel
GT Simple
GT_Comp_Fixed

————— GT Combined (Variable)

2 | | 1

50 60 70 80 90 100
Engine Load (%)

ZXHMA 3. EvdeikTiky MeTaBoAA Tou Babuol amddoong ouvapTiael Tou gopTiou yia Tutrikd Kivntipa
Diesel, ocupparikr) AepioaTtpofIAikr) EykataoTacn (GT Simple), AepiooTpoBIAIK EykaTtdoTaon
>uvduaopévou KukAou pe otaBepd odnyd mrreplyia (GT_Comp_Fixed) kai AgpiooTpofIAik EykardoTtaon
uvduaapévou KukAou pe pubuidueva odnya rrepuyia (GT Combined Variable) [7]

H KautuAn ¢ peTaBoAng Tou BaBuou amédoong Tou Kivnthpa NTAEA cival oxedov
opICovTIa o€ OAO TO €UPOG PETARBOAAG TOu opTiou (PE pia dlakupavon TnG Taéng Tou 1+2%), evw
TNV TTEPITITWOT TOU agplooTpofilou n avtioToixn diakupavon gival TNG Tagng Tou 15+20%. Autd
TO gTOIXEiO €ival 1I81AITEPA ONUAVTIKO €I0IKG OTNV TTEPITITWON TNG VAUTIKAG TTPOWONG OTToU O€
OPICHEVEG KATNYOpPieG TTAOIWV oI HETABOAEG TOUu @opTiou gival ouxvéG. ETmTAéov xpelddeTal va
MeAeTNBei n didTagn Tou €AIKog (TTou KaBopilel Tov BaBuod amdédoong PETAdOONS TNG Kivnong aTro
TNV KUpIO pnxavh oTtov €AIka), Ta oTroia €ivalr BéuaTta TTEpav TOUu OKOTTOU TnG TTapoucag
epyaaciag.
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TYMNMOAOIIA ZYNAYAZMENQN OEPMOAYNAMIKA KYKAQN

levikd o agploaTpOBIAOG cival £vag KIVNTAPAG TTOU PTTOPEl EUKOAA va auvduaaBei e GAAEG
HNXavég yia TRV Tpoéwaon TAciwv. "Exouv non epapuooBei tToikidol cuvduaouoi pe emTuxia o€
Aoia, evw AGAAol Bpiokovtal oto oTddio diepeuvnong. Mapddeiypa atmoteAouv o1 akéAoubol
OUVOUAOHOI:

COGAG: Combined Gas turbine And Gas turbine plant (ouvduaouévo oUOTNUO
agplooTpofilou kal agpiooTpofilou).

COGOG: Combined Gas turbine Or Gas turbine plant (cuvduaopévo ouoTnua agpiooTpoBiAou
Il aEPIOCTPORiAou).

CODAG: Combined Diesel And Gas turbine plant (cuvduaopévo cuoTtnua kivntrjpa Diesel Kai
agploaTpofilou).

CODOG: Combined Diesel Or Gas turbine plant (cuvduaopévo cuotnua kivntripa Diesel n
agploaTpofilou).

COSAC: Combined Steam And Gas turbine plant (ouvbuaopévo oUCThPO ATPOU Kal
agplooTpofilou).

COGAS: Combined Gas turbine and Steam plant (cuvbuacuévo Beppoduvauiké cuoTnua
agpIocTPORIAOU Kal aTHOU).

COGES: Combine Gas turbine Electric and Steam (ocuvduaopévo Bepuoduvauikd oUoTnpa
agplooTpofilou Kar atpooTpofiAou yia TNV TTapaywyn NAEKTPIKNAG EVEPYEIQG yia TNV
NAEKTPIKA TTPOWON TOU OKAPOUG).

CONAG: Combined Nuclear And Gas turbine plant (cuvduaopévo cUCTNUA TTUPNVIKAG
EVEPYEIOG KAl aEPIOTTPORIAOU).

O1 onpavTikGTEPOI AGYOI, VIO TOUG OTTOIOUG £XOUV avaTITUXBEI 01 ouvduaouoi auToi, gival OTI
[7,8] €€aitiag Tou uwnAoU kboTOUug QvATITUENG, OI aegPIOOTPORIAOI KaTaokeudlovTal o€ Aiya
OIaKeKPIYEVA PEYEDN pE a10BNTH BlaPopd 1I0XU0G aTTO TO £va péyeBog oTo eTTOUEVO. Mpokeluévou
va IKavoTroinBouv  ueyaAlTepeg 13 evOIdUECEG ATTAITAOEIG 10XU0OG, €ivar  duvaTtdv  va
XpnoipoTtroindei cuvduaopog U0 1) TTEPICOOTEPWY PNXAVWY, OXI avayKaoTIKA TG idiag 10xU0G.
2€ MIKPEG TaXUTNTEG PTTOPEI va AEIToupyEi JOVOV N Hia pnxavr], evw o€ PJeyaAUTEPEG TAXUTNTEG
TiBeTan o€ Aeitoupyia Kal n GAAN (A o dAAeG). ZTn AUon auTr], cuvnyopeEi To yeyovog 0TI 0 BaBuog
amoédoong evog agpIooTpofilou Hikpaivel onuavTika o€ Pepikd @opTio. ‘ExovTag meplioodTeEPES
MNnxavég, TiBevtal kKGBe @opd ot Acitoupyia TOOEG OCEC xpeldlovTal, WOTE N KABe pia va
AeIToupyei KOVTA OTNV OVOUAOCTIKA TNG 10XU KAl €TTOMEVWG O€ TTEPIOXH uwnAou Babuou
ammoedoong.

271G ovopaoieg Twv ouvduacpwv, n Aégn Or () onuaivel 6T 0¢ MIKPEG TaXUTNTEG
XPNOIMOTIOIEITAI JOVOV N TTPWTN MNXAVH (OXETIKA MIKPAG 10XU0GC) VW) 0€ UYNAEG TaXUTNTES JOVO
n &eutepn, n otroia eival pgeyaAuTepng 1o0xU0G. H Aégn And (kai) onuaivel 6T yia TaxuTnTEG
MEYOAUTEPEG aTTO QUTEG TTOU ETITUYXAVOVTAI JE TNV TTPWTN WNXavhA, Asitoupyei TTapdAAnAa Kai n
0euTepn. O ouvduaouog COSAG dev gixe ETTITUXH EQAPUOYH HEXPI TWPA, KUPIWG Adyw Tou OTI N
eykaTdoTtaon aTtuou dev givar 1Idiaitepa KATAAANAN yia pikpn 10xU. EEaAAou, cuotriipata CONAG
£XoUuV PeEAETNOEL, aA\G dev €xouv epapuoabei akoun.

KaAuTtepeg @aivovtal ol TTPooTITIKEG yia To cuoTnua COGAS (Bepuoduvauikog ouvOiuaouog
KUkAou Joule-Brayton pe kUkAo Rankine), oTov 0110i0 TO JeEYOAUTEPO PEPOG TNG BEPUOTNTAG TWV
Kauoaepiwv agpIoOTPORIAOU aVOKTATAI KOl TTAPAYETAl ATHOG TTOU KIVEI OTHOOTPORIAO e
atroTéAeopa UWPnAég TIPEG BaBuou amédoong (55-60%). Edv pydhiota o AéBnTag kauoaepiwv
gival EQOdIAOPEVOG PE KAUOTHPEG, TOTE TO oUuoTnua O108£Tel TTpOoBeTn epedpeia, KaBwG KABE
BepuoduvapIKOG KUKAOG HTTOpEl va Aermoupyei Kai avegdptnta amd Tov dAho. To ZxAua 4
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TIPOEPXETAI OTTO OXETIKA MEAETN Kal aTTEIKOViCEl éva oUoTnUA ouvOUAOUEVOU BEPUOBUVANIKA
KUKAoOU agpiooTpoBilou-aTpgooTpofilou, yia TTPowon TTAcioU UETAQOPAG  UYPOTTOINUEVOU
QUOIKOU QagPioU, XPNOIYOTIOIWVTAG dUO Babpideg TTieong yia TNV KOAUTEPN EKUETAAAEUON TNG
EVEPYEIOG TWV Kauoagpiwv Tou agpliooTpofilou. To QuOIKO agpio TTOU avaTTOPEUKTa eCaTpieTal
atTo TIG OEEAUEVEG HETOPOPAG TOU TTAOIOU, XPNCIKOTIOIEITAI WG KAUOIUO yia Tnv TTpéwon. Evw ot
EYKATAOTACEIC OTN OTEPIA TA CUOTAUATA CUVOUAOHEVOU BEPOdUVANIKA KUKAOU agpiooTpofilou-
arpgooTpofilou gival TTAéoV O Kavovag yia PEYAAEG TIHEG 10XUOG (Kal 1B10iTepa OTAV UTTAPXE!
QUOIKO aéplo w¢ Kauolyo egaitiag NG Bepuoydvou dUvaung Tou KAugigou aAAd Kal TG HNn
onPavTIKAG TTapouciag f TTAApoug EAAEIYNG Beiou og auTd), N EQApPUOYr TOUG OTNV VAUTIAIa dev
gival eup€wg d1adedopévn. o
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ZXHMA 4. ZioTtnua cuvduaopévou KUKAou agploaTpofilou —aTpoaTpofilou yia TTpdwan TrAoiou [9]

EOAPMOIH TQN ENMIKPATEZTEPQN ZYNAYAZMENQN KYKAQN
2THN EMIMOPIKH NAYTIAIA ZHMEPA

H xpAon ouvduaopévwy KUKAwWV o¢ TTAoia ouveTtayeTal €ite TNV atreuBeiag perddoong g
Kivnong atmoé Toug agplooTpofiAoug / aTuooTpdPiloug oTtoug eAiko@opoug dfoveg (COGAS) A
TNV nAekTpotipdwon (COGES) péow nNAEKTPOKIVNTAPWY TwV OTTOIWV N NAEKTPIKY 10XUG
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TTaPAYETAl ATTO YEVVATPIEG TTOU OUVOELOVTAI HE Evav 1) TTEPICCOTEPOUG AEPIOCTPOPBIAOUG Kal Evav
atpoaTpofiro. Eivar ca@ég 611 0TOo cUoTnua auTtd n PNXOVIKA evépyela Twv OTPORiAwv Kivei
NAEKTPIKEG YEVVATPIEG TTOU TTAPAYOUV NAEKTPIKA EVEPYEIA, TTOU TTAPEXETAI O NAEKTPOKIVNTHPO/EG
Kal autdg/ol Ye Tnv oeipd Tou/g Kivouv Tov/Toug ENIKa/KEG (Zxrpa 5)

HRSG HRSG HRSG HRSG

ZXHMA 5. Zuvduaopévog Bepuoduvapikd kUkAog Joule-Brayton / Rankine 20otnua COGAS (apioTtepd)
kal COGES (8¢€1d) [6]

Ta oupBatikd pnxavikd cuoThpaTta TTpéwong £Xouv uwnAoug PBaBuoug atmdédoong
peTadoong Tng kivnong Ttepittou 98-99% [10]. Opwg €gaitiag TNG UTTAPXOUCAG HNXAVIKAG
ouvdeong ouvhBwg oTepolvTal TNG eueNIgiag va eTTavakaTeuBuvouy 1 va dlaveipouv Tnv 10U
METOEU TWV agdvwv o€ TTAoia e TTOAOUG GEoveg. AKOUN 0To cUoTnUa auTd n unxavh Tpéwong
Oev UTTOPEI va XpnolgoTroinBei eUKOAA yia Tnv TTapoxn evépyelag oTav 1o TTAoio BpiokeTal o€
Agévi, aAAG éva 1010iTEPO evepPYEIOKO CUOTNUA HUE YEVVATPIEG TTPETTEI VA €QOdIACEl TO TTAOIO pE
nAekTpIK evépyela. Otav 10 TTAOIO BpiokeTal v TTAW Pe TNV TTPoUTTOBeon OTI N TAXUTNTO
TTEPIOTPOPNG TOU GEova gival apkeTd oTaBepr, N NAEKTPIKN eVEPYEIA YIA TIG BIAPOPES ATTAITHOEIG
TOU TTAOiIOU, PTTOPEI va TTapaxOei XpNOIUOTTOIWVTAG HIa EEQPTNUEVN YEVVATPIA ] Wi yeEvvATPIA
METARANTWY OTPOPWIV.

EVOAAOKTIKG n €AoYy TNG NAEKTPOTTPOWONG TIPOOYEPEl TO TTAEOVEKTNUA OTI Ogv
QTTAITEITAI N XPNON €vVOG OYKWON KAl PE PEYAAO BAPOG HEIWTHPA OTPOPUWV VIO TNV PNXAVIKA
ouvOeon Twv AgPIoCTPORiIAwY TToU KIvoUuvTal PE UWNAEG TaxUTNTEG TTEPIOTPOPNAS Kal TNG apyd
OTPEPOUEVNG €NIKAG. EITTPO0OETa £OOOV OAEG Ol YEVVATPIEG TTAPEXOUV EVEPYEIA TTPOG EVa
Koivé cuoTtnua Olavoung, évag KIivnTApag WTTopei eUKOAa va TTapéxel evépyela o€ dUO0 N
TEPIOOOTEPOUG AEOVEG KABWG £TTioNg va KAAUTITEL KAl GAAEG AVAYKEG TOU TTAOIOU, EVW
TTapdAAnAa TTpoo@épeTtal eueAigia oTnv €mAoyA TG BE0NG TOU PNXOVOOTAGIOU CUYKPIVOUEVN HE
oxedlaopoug, TTou TTpoBAEéTTouV atreubeiag ueTddoon TnG Kivnong PETagU TNG KUPIAG PNXAVAG Kal
NG €AIKAG. TO PEIOVEKTNUA TOU CUOTAMATOG auTou eival OTI n OITTAA PETATPOTIA TNG EVEPYEIOG
(apxIk@ n PNXavik evépyela PETATPETTETAI O€ NAEKTPIKI OTNV YEVVATPIO KAl €V OUVEXEIQ, N
NAEKTPIKN METOTPETTETAI O€ PNXAVIKA EVEPYEIQ OTNV £AIKQ) ETTIQEPEI PEIWPEVO Babud amédoong.
Zupowva e Tnv BiBAloypagia [8], étav xpnolyoTrolsital NAEKTpoTTpOWwon TrepiTTou 91% TNg
10X00G TNG uNXAavNs @BAvel aTnv ENIKQ.

EvaoAAOKTIK) €kdOOn TOU TIPOOVOAPEPBEVTOG CUOTAMOTOG, €ival va ouvdeBouv ol
aEPIOOTPOPRIACI PE €va HEIWTAPA yIa TNV Kivhon Tou OKAQPOUG Kal O ATHOOTPORIAOG HE HIa
YEVVATPIA, OTTOTE TTPOKUTITEI £€va UBPIBIKG oxrua ocuvduacuol COGAS kai COGES o61wg
Qaivetal 010 ZXAMO 6. H nAekTpIkr] evépyela TToU TTAPAYETAl QTG TOV  ATUOOTPORIAO
XPNOIUOTIOoIETaI yIa TIG BIAPOPES avAYKEG TOU OKAPOUG KaBWG Kal yia TV TTpOwan HECW €VOg
NAEKTPOKIVNTAPA TOTTOBETNPEVOU OTOV EAIKOQOpo d&ova. Mia téTola didTagn Ba amaitoloe €va
AlyOTEPO GUVOETO PEIWTAPA, ETTIPEPOVTAG HEIWON TOU KOGTOUG Kal TMBavéov, uwnAdTepn attdédoon
TOU UEIWTHPA.
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H emAoyn evég atmd 1a cuoTApaTa autd Kabopiletal atrd TIG ATTAITHOEIG TOU OKAPoug. Me 1o
OUVOUOOWUEVO KUKAO TTou oOnyei To OUCTNUO NAEKTPIKAG TTPOWONG €ival €UKOAOTEPO Vva
eMMTEUXOOUV aT1TOodEKTOI BaBUOI aTTOdOONG Ot PEPIKO QopTio, BIOTI Wia A TTEPIOTOTEPEG UOVADEG
TTAPAYWYNG EVEPYEIOG ITTOPOUV va OTAPOTACOUV Va AEITOUPYoUV, EQ’O00V ETTEPXETAI PEIWON TNG
{NTOUUEVNG EVEPYEIOG EVWD Ol TTOPANEVOUOEG O€ AsiToupyia povadeg, Asitoupyolv o€ CUVONKES
OTTOoU auTéG gival atmodoTIKES (OTO TTARPEG YopTio 1 KovTd o€ auTd). Mevikd Ba ptropoloaue va
TToUuE OTI yia TTAoia Ta OTToia aTTAITEITAI VO A&ITOUPYOUV YIa HIKPO XPOVIKO SIGOTNUG OE XAPNAR
1Io0X0 Kal €xouv UWnAEG atraitAoelg 10X00G, To oUOTNUa AUECNG PETAdOONG €ival N TTPOTIMNTEX
€TTIAOYH, EVW TO OUCTAPA TNG NAEKTPOTIPOWONG €ival N TTPOTIUNTEA €TTIAOYA YA Ta TTAoia TTou
A€IToupyouv Tov TTEPIOTOTEPO XPOVO OE PEPIKO popTio [10].

HASG HREG

e — 1=
EM | ' p

2XHMA 6. Zuvduaopévog Beppoduvapikd kUkAog Joule-Brayton/Rankine. Zuvduacudg COGAS kai
COGES [10]

Ol ZYNETEIEZ EOAPMOIHZ TOY ZYNAYAZMENOY KYKAOY ZAN
NMPOQZTHPIO 2YZTHMA ZE MNAOIA

H cicaywyl ouvduaopévwy BepPOdUVANIKG KUKAWY WG TTPOWOTAPIWY PINXAVWY ETTNPEACE
éva olvoho atrd didgopa ¢nTrAPaTa. 2TV Ouvéxela avaTTuooovTal Ta Béuara autd Kal
uTToypappiovTal ol dlapopéc oe ouyKpIon Pe TIG unxaveg Diesel.

H amrédoon Tng eykatadoTaong

2 TTpoNyoupEvn TTApAypa@o TTAPOUCIACTNKE N BewpnTIKA augnon Tou Babuol atrdédoong
Miag atTAng agpiooTpoBIAIKAG eyKATAoTaONG OUVOUAZovTAg TNV We éva KUKAo Baong (Rankine).
MNna va utrdpxel Mia ekTignon NG PeaMNIOTIKA €QIKTAG auénong Tou PaBuou atmrdédoong
XpPnoidotroiwvTag dedopéva atmmd  UQICTAUEVEG €yKATOOTAOEIG TTpdwong, oTtov [livaka 3
TTapoucidfovtal CUVOTITIKA Ta aTroTeAéouaTa BewpnTikoU povTéAou [7], 6TTou ouykpivovTal Ta
aTToTEAEOPATA OTTO TNV €QApPoy ouvOuaouEéVOou KUKAOU O€ u@ioTduevn HeydAn dixpovn
pnxavy Diesel kai o€ aegplooTPOPIAIK  eykatdoTaon. TEooepelg  dIOPOPETIKOI  TUTTOI
agplooTpoBidwyv e€etdlovrai: CYCLON, GTX100, GT10B, LM2500 kai GT35 pe amodooeig
Io0XUO0G avd povada atrd 12.9 MW éwg 43 MW.
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MNINAKAZ 3. 20ykpion BaBuou amdédoong didgopwy ocuvduaauévwy KUKAwv (Rankine bottom cycle)
aEPIOOTPORIAIKWY Kal apyooTpopwy dixpovwy KivnTApwv NTAZEA, 0T TTAAPES PopTio [7].

Type of Gas Ngt or | mgr or | No.of | Total tyor |ngror|begror Nce | bece [texhaust
Turbine or Diesell No Mgt Units | Power | texhaust | Nb bep

Engine KW | kgis KW °C -~ | g/kwh ~ lg/kwn| °C
Gas Turbine < Gas Turbine

CYCLON 12900 | 39.7 4 51600 570 |0.340| 248.0 |3 |0.5067/166.4] 139

GTX100 43000 | 122.0 1 43000 546 |0.370| 227.9 |3 (0.5208/161.9| 139

GT10B 24400 | 804 2 48800 538 |0.347| 243.0 _g 0.5051{166.9| 135

LM2500 22400 | 68.0 1 44800 528 | 0.365| 230.9 g 0.5123/164.6| 135

GT35 17000 | 92.3 3 51000 378 |0.320| 263.5 |© (0.4311/195.6| 131
Diesel Engine Diesel Engine

9K98MC 48762 | 134.25 1 48762 | 232.8 [0.482] 174.9 0.5089/165.7] 131

9RTA96C 46332 | 104.50 1 46332 | 271.0 | 0.506 | 166.8 0.5398|156.2| 131

Otmwg @aivetar atov lNivaka 3, emAéyeTal 1kavd TMAABog amd kd&Be &va amd Toug uTid
€&étaon TUTTOUG AEPIOOTPORIAWY, WOTE N CUVOAIKN 10XUG va gival TnG idlag Tagng peyéBoug ue
TNV 10XV €vOg heydhou dixpovou kivntApa Diesel TTou atroTteAei Tnv Kupiapxn €TIAOYA TTPOwWONG
yia peydAou peyéBoug mAoia. Ooo agopd Tov KivnTApa Diesel, duo TUTTOI £€eTdlovTal (IKOBMC
kai 9RTA96C) ue TTapattAioia 1oxU TG Tédéng Twv 46+48 MW. O BaBuog amdédoong Twv
0EPIOOTPORIAIKWY EYKATAOTACEWV gival TNG TAENG Tou 32%+37%, €vd) O QVTIOTOIXOG TwV
kivnTpwv Diesel gival 48%+50%, &nA. 35%+50% uwnAdtepog. MNa tnv BewpnTikr diepelvnon
NG duvatoTnNTag MEIWONG AUTAG TNG dIOPOPAG TTOU TTAPATNPEITAl avAueoa OToug Babuoulg
atrédoong Twv agplooTpoBidwv Kal Twv KivnTHpwv Diesel, otnv peAéTn [7] e€eTdoTnKE BewpnTiKA
n TPooBnkn diBdBuIou KUKAoU Bdaong Rankine kalr atoug dU0 TUTTOUG KIVATHPWY, OTTWG QaiveTal
oT0 ZXAMa 7.

IXHMA 7. AiB&6uiog kUkAog Baon Rankine atuol 1Tou TpooTiBeTal o agpioaTpofIAikG ) Diesel kivntipa

[7]
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Ta amoteAéopaTta  Tmapoucidfovral OouvoTiTika oTov  [livaka 3. Znueiwverar 6Tl OTIG
aePIOOTPORIAIKEG  €yKATAOTACEIC AOYyw Twv onuavTiKG uywnAdTepwy  BEPUOKPACIWY  TTOU
TTapatnpouvTal otnv €000 Tou oOTpofilou (370+570 oC oTnv Ouykekpiyévn opdda Trou
€€eTAOTNKE) €vdEiKvUTAl N AvAKTNON TNG BepudTNTAG TWV KAuoaePiwv og dUo Pabuideg Trieong.
AvTiBéTwg, oTtnv Trepimmrwon Twv Diesel kivnmipwyv, TTapd 10 yeyovdg OTI oTOV Trivaka 3
TTapoucidlovtal attoTeAéopata amod Tnv e@apuoyr diIfdbuiou kKUkAou Bdaong Rankine, otnv
TIPAYHATIKOTNTA N BEATIWON TOU OUVOMKOU OUVTEAEOTH aTTOd0o0NG dev DIKAIOAOYEI TV Xpron
TTEPICCOTEPWY TNG Hiag Babuidwy.

Me Tnv TTpocBAKn Tou KUKAOU Bdong, 0 cuvOAIKOG BaBudg atrddoong Twv agpioaTPORIANIKWV
EYKATOOTACEWY KUupaiveTal PETagU 43%+52%, O OTT0iog €ival aTTOAUTA OUYKPIOINOG HE TOV
avTioToixo Babud amoédoong Twv avtioToixwv KivAThpwy Diesel evw utroAcitreTal Aiyo atmod Ttov
Babud ammédoong Tou cuvduaouévou kUkAou Diesel (50%+54%). Autd onuaivel 0TI he Tov
OUVOUAOPEVO KUKAO oI BaBpoi atrdédoong Twv agplooTPOoRiAWY TTou €&eT@OTNKAV aAUEAvVOVTal
Katd 34%+49%, evw Twv Kivnmipwv Diesel katd 5,5%+6,6%. EvaAAakTIKd, BewpwvTag
oedopévn TNV PEYIOTN aTTodIdOUEVN 10XU, TTAPATNPEITAlI OTI XPNOIYOTIOIWVTAG OUVOUAOUEVO
KUKAO, évag kivntipag Diesel 6a mpétrel va cival 1,3+1,4 @opég peyoAuTepng 10XU0G atrd Tov
avTioToixo agplooTpoBIAIKG KivRTAPA (Adyw TNG ONPAVTIKG uwnAdTEPNG OUVEICPOPAG TOU KUKAOU
Bdaong otnv cuvoAikd atmodidduevn 10XU). AUTd Ta OToIXEIA €ival onUAvTIKA, Kal KOTAdEIKVUOUV
OTI ye TNV u@ioTapevn TrePIBAAAovTIKR) voupoBeoia, o ouvduaouévog KUKAog Joule-Brayton /
Rankine atroteAei pia  evdia@épouca eVOANOKTIKA, €I0IKA OUVEKTIMWVTOG KAl TA  EYYEVN
TIAEOVEKTH AT TTOU JIABETEl Hia agploaTPORIAIKA eyKATAOTACN O OXEON WE éva Kivntrpa Diesel
Ta oTTOi0 AVAAUOVTAI OTIG ETTOUEVEG TTAPAYPAPOUG.

Oeswpnon Tou Bapoug Kal Tou 6yKou

H ocuykévtpwaon 10X00G TwV agplooTpoBilwv gival TTOAU uwnAR, €1diIkd o€ oUyKpIon WE TIG
pnxavég Diesel kaBiotwvtag kar autév Tov TPOTIO TIC OTTAITACEIS VyId XWPEO Miag
agpIooTPOPIAIKAG  eykaTtdoTaong XAunAég. O €COIKOVOUOUMEVOG  XWPOG  UTTopei  va
XPnoigotroinBei yia va augnoel Tnv XwpnTikOTNTA Tou TTAoIoU a& @opTio | o€ apiBud emPBaTwv.
EmmpdoBeta yia éva dedopévo emitredo 10X0U0G, TO BAPOG TNG EYKATACTAONG TTOU ATTOTEAEITAI
ammd agploaTpofiloug eivalr HIKPOTEPO aATTO TO AVTiIoTOIXO Twv Pnxavwyv Diesel. To ueiwpévo
BAapog TNG KUpIaG UNXAVAG €ival TTAEOVEKTNUA, KOB'OOOV UEIWVEI TO EKTOTTIOPA TOU TTAOIOU, HE
QTTOTEAEOPA VA PEIWVOVTAI QVTIOTOIXA KAl Ol ATTAITHOEIG I0XU0G TTPOWONG, HE AUECO OIKOVOUIKO
TAcovéKTNUA. BéRaia Ba mrpétrel va AngBei uttdwn OTI OTNV TTEPITITWON TOU CUVOUACHEVOU
KUKAou (ue TTpoaBrikn kUkAou Rankine) o atraitioeig o xwpo Kal Bapog audvovTal o OXEon
ME TIG OUMBOTIKEG BIATAEEIC Twv aeplooTpofilwv. MNa Tnv 600 1O Oduvatd peyaAUTEPN
EKMETAAAEUON Tou Ol0Bé0IJou  XWpou, To oUoThPa avdakTnong BeppdTnTag JTTopEl  va
TOTTOBEeTNBEI PEoa oTn KaTTvoddxXo Kal Oxl EVIOG TOU PNXAvooTagiou OTTwG oupfaivel pe Ta
oupBatikd okaen, TTou avakTolv TNV BepudTNTa atro TIG £6ayWYES TWV Pnxavwy Diesel.

Ta TTAEOVEKTAPATA WS TTPOG TIC aTTauToelc Bapoug Kai dykou Tng eykatdotaocng COGES oeg
oxéon pe 10 ouoTtnua Diesel-electric, TTou cival n TTapadociakr €TAOYR yia Ta TTEPIOCOTEPA
KpoualiepdtThoia, @aivovtal oto TAocio Millennium [12]. Zav OuvéTeld TwWv HIKPOTEPWV
amaIToewyv o€ Xwpo Tou oucoTAuatog COGES T1ou eyKaTaoTAONKE OTO OUYKEKPIPEVO
KpouallepOTTAOIO, €AeUBEPWONKE XWPOG yia 50 emMTTPOCOETEC KAUTIIVEG. Z€ OXEON HE TIG
ATTAITACEIG 1I0XUOG TOU idIou Tou cuoTAuaTtog, To cuotnua COGES atraitei pikpdtepo fondnTikd
eCOTTAIONO peyéBoug TrepiTtou 500 KW. EmmrpdoBera e€autiag Tou peiwpévou Bdpoug Tng
eykatdotaong COGES, 10 ektdémOpa Tou TTAoiou peiwbnke kard 1000 tons, em@épovTag pia
peiwon TnG 10xU0¢g TTPdwonNng Katd 1,6%. ZUVOAIKA ol aTTAITHOEIG 1I0XU0G TOU TTAOIOU pEIwBnKav
Katd 1150 KW.
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To k60TOG

Baoilouevol o TTponyouueveg HEAETEG €ival SUOKOAO va TrapouciacBouv aclommoTa
OIKOVOMIKG OTOIXEiQ, TTOU aQOopPOoUV TO KOOTOG TWV EYKATAOTAOEWY OUVOUAOUEVOU KUKAOU. €
OoX€onN PE TO apXIKO KOOTOG TOUG, OTAV CUYKPIVOVTAI UNXavEeg yia kpoualiepdTrAola o Koehler [13]
IoxupieTan OTI auTd €ival XaunAodTepo yia pnxavég Diesel, evw o Ahlpvist [14] ocupttépave 6T
auToé gival TTapopolo petagu Diesel kal ouvduaopévou KUukAou. Or unxavég Diesel katavaAwvouv
HeyAAeg TTOoOTNTEG AadIoU AiTTavONG, VW Ol AgPIOOTPORIAOI KATAVAAWYOUV PEVO TTOAU MIKPEG
TTOOOTNTEG, TUTTIKA 1% TNG KaTtavaAwaong Twv unxavwy Diesel [13].

AuTO cival TTAEOVEKTNUO yIa TO A&ITOUPYIKO KOOTOG TWwV 0EPIOCTPORIAWY, OAAG TO
TIAEOVEKTNA QUTO €ival APKETA PIKPO EEQITIOG TOU yeyovoTOg OTI TO KOOTOG Tou Aadiou AiTravong
gival yoévo PIKPO TUAPO TOU GUVOAIKOU AgIToupyikoUu KOaToug. Otav ouykpiBoUv oI HEGOOTPOPES
pnxavég Diesel, pe Tov ouvduaouévo KUKAO agpioaTpofilou pe nAekTpikA peTadoon (COGES) ol
Domachowski kai Dzida [15] utroAoyifouv 0TI TO €IBIKO KOOTOG 1I0XUOG €ival 12% pIKpdTEPO yia
TOV ouvOUaOouEVO KUKAO. Or TINEG auTEG TTpoRABav uTToBETOVTAG OTI 01 BUO PNXAVES AEITOUPYOUV
pe kauoigo MDO (Marine Diesel Qil), kati To 0TT0i0 UTTO TNG TTAPOUCES OUVONKEG GO0 aPopd TNV
vouoBeaia yia TIG eKTTOPTTEG pUTTWY atroTeAeil pealioTikd oevdaplo. O Koehler [13] dev
TTOOOTIKOTTOIEI TNV dla@opd, aAAd IoXUpPICETAI OTI TO AEITOUPYIKO KOOTOG €ival UPNASTEPO Yia TOUG
OuVvOUAOPEVOUG KUKAOUG. H guTtTeipia deixvel OTI n atmraimtoUevn ouvTthpnon atrd 1o TTARPWHA yia
TOV CUVOUAOMEVO KUKAO gival anuavTiKG pIkpoTepn atmd éva TUTTIKA vTiCeAoKivnTo okdgog [11].
EmmpdoBeta n modular kataokeury Twv ocuoTnudtwy Pe agplooTpofiloug kdvel ypriyopn Tnv
QVTIKOTAOTAON TWV JEPWV TTOU £€XOUV UTTOOTEI BAGRN.

Oéuata AsiIToupyiag Kal EKKivnong

To yeyovog 011 o1 agploaTPORIAOI YEVIKG OeV €ival AQVOAOTPEWIPES UNXAVES EVW) Of UNXAVES
Diesel ytropei va cival, 0 OpIOCPEVEG TTEPITITWOEIG, €XEI ETTIOpAC OTN duvVATOTNTA KIVI|OEWV TOU
OoKA@oug. 'Ouwg oe €va agpiooTPORIAO YeE GUVOUACHEVO BEPUOBUVANIKG KUKAO KOl NAEKTPIKNA
pMeETAOOON Oev UTTAPXEl MEIOVEKTNMA, €TTEION N NAEKTPIKA MNXOVA TTOU TTOPEXEI EVEPYEIQ OTOV
ENIKa gival avaoTpéiun. Aegv UTTApxEl €TTioNG MEIOVEKTAMA OTOV OUVOUOOUEVO KUKAO WE
arreuBeiog petddoon otov EAIKA yiaTi yia TéToleG OIATAEEIC UTTAPXOUV OIOTALEIG ODOVTWTWV
TPpOXwv avaoTpopng ueT@ddoong (reversible transmission gears) 1 pmopouv  va
XpnoigotroinBouv €Aikeg peTaBalAopevou BripaTog [15]. Kal ol dUo TUTTOI Pnxavwy £xXouv Oeitel
OTI £xouv agIOTMOTN AcIToupyia Kal dev UTTAPXEI TTPOPAVES TTAEOVEKTNHA YIa KATTOIOV aTrd TOUG
000 TPOTTOUG TTPOWONG WG TTPOG TO BEPa auTo.

E€aitiag Twv uywnAwv cuyxvoTATWY Twv agpiooTpofidwy (01 oTToieg atmmoofévovTal TTo
€UKOAa atTd OTI 01 XaUnAEéG ouxvOTNTEG), O DOVAOEIG TWV AEPIOOTPORIAWY gival XapuNAGTEPES aTTO
autég Twv unxavwy Diesel. EmmpdcBeta 10 emmimedo BopUBou eival HIKPOTEPO OTOUG
agplooTpofiAouc. ATTé Tnv AAAN TTAcupd, ol unxavég Diesel avtatrokpivovtal ypnyopoTtepa o€
Mia peTaBoAr Tou @opTiou O€ OXEON WE TOUG aEPIooTPOPINOUG Pe ouvduaopévo kKUkAou [13]. O
MEYAAEG apPYOOTPOPEG PUNXAVEG VTICEA puTTOpOoUV va emtayxuvouv ammd 0% oe 30+40% @opTio o€
MEPIKA OeUTEPOAETITA, OUWG N evaTtTopévouoa emTAXUVON MPEXPI TO TTANPEG QOPTIO aTtrauTei
ONUAvTIKA TTEPICCOTEPO XPOVO. TUTTIKA OTav TETOIEG PNXAVEG XPNOIYOTTOIOUVTAl YIO TTPOWOoN
emTayxlvouv amd pndevikd péXpl To TTARPES @opTtio ot Trepittou 0,5+1 h. Z1n Bewpia, autd
MTTOPEl va yivel TTOAU ypnyopoTepa, aAAd atro@elyeTal yiati Ba TTpokaAéoel uPnAéEG BepUIKEG
TdoEIG.

‘Evag agpiooTpOBIAOG TUTTIKA XPEIAZETAl TTEPITTOU TTEVTE OEUTEPOAETTTA YIA va ETITAXUVEI
ammd pndevikd oe TAAPeG @opTtio [16]. ETopévwg trepimou 1o dUO TPITA TNG 10XUOG E£VOG
OuvOUAOHEVOU KUKAOU TTOopEl va AngBei evidg autol Tou xXpovikou diaoTANaTog. H 1oxUg TTou
QTTOUEVEL KAl TTOU £PXETAI ATTO TOV ATHOCTPORINO XPEIAZeTal TTEPICOOTEPO XPOVO. Ouwg ¢ aItiog
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NG adpdvelag TTou TTapoucialouv Ta peydAa TTAoIa, 0 Xpovog emITdXuvong TNG MNXAVAG YEVIKA
O¢v gival Kpioluyog [16].

O xpdvog ekkivnong eEaptdrtal TTOAU atrd TO €dv Ta pPépn TNG MNXOVAS gival kpua A (eoTd
TPV TNV €KKivnon €I0IKA yIa TOUG OUVOUAOUEVOUG KUKAOUG. TpakTikd o unxavég Diesel tTou
XPNOIJOTIoIoUVTal yIa TNV TTPOwWOoN Twv TTAoiwv &ev emTPETTETAI va Kpuwoouv (dnAadh va
ammokThoouv Bepuokpacia TepIBaANovTog). Otav 10 TAOI0 dev PBpiokeTal o€ uTnpPECia, ol
HNXavég dlatnpouvTal OTn TIPETTOUCA BEpPOKPACia  XpNOIMOTTOIWVTAG To vepd wuéng. H
Bepuokpacia Tou vepoU YUENG €ival auTrh TTOU XPNOIPOTTOIEITAI QUGCIOAOYIKG KaTd TNV SIGPKEIN
NG AgIToupyiag Twv pnxavwy. To vepd Wugng BepudiveTal atmd T KAUCAEPIA TWV BondnTiKwyY
MNXavwy (ouvABwg TeTpayxpoveg unxaveg Diesel) TTou xpnoiuoTrolouvTal wg NAEKTpoTTapaywyd
Ceuyn. Ao Tnv KaTdoTOOn AuTh, TO TTAAPEG QPOPTIO PTTopEl va emTeUXO €viog 1h xwpig va
uTTdpén uTTéPPacn TwV BEPUIKWY TACEWY TWV UNIKWV.

O xpovog €Kkivnong Twv aeplooTpoRidwyv eCaptdral ammd Tov Xpovo adpdveiag Tou
oTpofilou (avevepydg), evw 0 XpOvOog €kKivnong Tou KUKAOU aTpoU €§apTdTal ammd Tov Xpovo
TTOU aTmaiTeital yiao va BeppavBolv Ta pépn TNG MNXAvhAg Xwpig va yivel utépfacn Twv
Bepuokpaciwyv  Tou  emRANovTal amd 10 UAIKG. O Kehlofer [17] avogéper 611 yia
aePIOOTPORIAOUG TTOU  XpNOIPOTIoIoUVTalI OE  PEYAAOUG OTABUOUG Trapaywyns NAEKTPIKAG
EVEPYEIOG OTN &NPA 0c OUVOUAOPEVOUG BepPodUVANIKG KUKAoUG, xpelddovtal AiyOTepo aTrd
30min ammod v oTiyun TTou €Xel evepyoTroindei n diadikacia ekkivnong HEXPIS 6Tou 0 aTPORIAOG
@Bdoel oTo TTANPEG QopTio. MNa vauTiIkoug agploaTPoRiAoug évag XpOvog ekKivnong MIKPOTEPOG
Twv 90s eival kaBopioTIKOG [16]. Mia ypriyopn €kkivnon Twv agpiooTPORIAWY TNG eyKATAoTAONG
COGES 10U tmapéxel 1oxU oto kpouadiepdtrAoio Millenium atraitei TUTTIKG 3min 3 AiydTepo yia
va emTeuxOei n emBuunT TaxuTNTa TTEPIOTPOPNAS € AgopTn Acitoupyia (synchronous idle), peté
TO OTI0I0, TO QOPTiIO PTTOPEl va TTapaAn@Bei evidg pepikwv deutepoAéTTTWY [11]. Me Bdon Ta
oToixeia autd xpovol ekkivnong katw amo 10min yia oTpofiloug TTou TIpoopifovTal yia
VOUTIKOUG OUVOUOOPEVOUG Bepuoduvapikd KUKAOUG BewpouvTtal pEANICTIKOI.

2YMMNEPAZMATA

O1 1oxU0vTEG KAl HEAAOVTIKOI KAVOVIOUOI TTOU a@QOPOUV TIG EKTTOUTTEG PUTTWY KABWGS Kal Ta
Opla TToU €xouv TeBei 600 a@opd Tnv TTEPIEKTIKOTNTA TOU Kaucsiuyou o€ Begio, Teivouv va
avaTPEWOUV TNV KuplapXia Twv peydAwv dixpovwv kKivntipwyv Diesel og opiopévoug TUTTOUG
TTAOIWV Kol avadeIkvUETAl WG TEXVIKOOIKOVOUIKA OEAEQOTIK] N €ykKATdoTaon GCUYXPOVWV
AEPIOOTPOPRIAIKWY  EYKATAOTACEWY  OUVOUAOUEVWY  PE  KUKAO  Bdong Rankine. Ortav
XPNOIMOTIoIEITAI CUVOUATHEVOS BEPUOBUVANIKA KUKAOG WG TTPOWGCTHPIA INXavh o€ TTAoia, auTtdg
MTTOPEI va KIVI o€l TOUG EAIKOQOPOUG GEoveG HEOW Twv aepIooTpofidwv (COGAS) A ptTopei va
xpnoigotroinBei atpofiAonAekTpikf Tpowaon (COGES). Ze mArpeg gopTtio 10 guotnua COGAS
TTapEXEl UWPNAOTEPO OAIKO PBaBud amédoong agou o PBaBudg ammdédoong Tou CUCTHHATOG
MeTAdoONG Kivnong ival uwnAdTepog oe oxéon pe 1o cuotnua COGES. Ouwg e 10 ouoTnua
COGES cival eukoAdTEPO va An@Bei IKAVOTTOINTIKA aTTOd0aN CGE PEPIKO POPTIO, ETTEIDN Hia N
TTEPICOCOTEPEG ATTO TIG HOVADES TTAPAYWYNG EVEPYEIAG UTTOPEI VO ATTEVEPYOTTOINOE ETTITPETTOVTAG
va AEITOUPYOUV Ol EVATTOMEVOUOEG HOVADES o€ uywnAd @opTio. TéAog, gival duvaTtd ol OUO QUTEG
TEXVIKEG va ouvduaoBoUv ouvdEOVTAG TOUG AEPIOOTPORIAOUG E TOV PEIWTAPA OTPOPWYV Kal TOV
ATMOCTPORIAO PE Wia yevvATpIa.

2¢ KABe TrePITITWON eival avepd OTI T agpIoaTPORIAIKE GUCTHUATA GUVOUATUEVOU KUKAOU,
TTPOOQPEPOUV  [ia oeipd& atrd  TTAEOVEKTAPATA  yia TTOAAOUG TUTTOUG OKOQWYV, XWwpPIic va
uttoAgiTrovtal 600 agopd Tov OAIKO BaBud atmmédoong o€ OUYKPION HE TOUG OUUPATIKOUG
kKivntApeg Diesel. H TeAikn emAoyn Ba pétrel va AdBel utown TIG €10IKEG avAyKeg KABE GKAPOUG,
TO ETMIXEIPNOIOKO TOou TIPOQPIA aAANG  Kai  Tnv  TTEPIOXH OTnV  oTroia  TTPOPRAETTETAI  Va
dpacTnpIoTTOINOEI.
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Abstract. The present study presents the theoretical work, which was performed under a
diploma thesis in Hellenic Naval Academy and it was based on the theoretical investigation of
oxy-diesel combustion. The term “oxy-fuel” combustion corresponds to the combustion of a
liquid or a gaseous fuel in the presence of high oxidative and high CO, availability. The
primary motivation of this study was the diesel combustion equilibrium simulation in the case
of combination of intake air oxygen-enrichment and cooled exhaust gas recirculation (EGR) for
identifying the pertinent effects on diesel combustion products and pollutants. According to
published studies, the increase of the oxygen content in the intake air of diesel engines
through the installation of separation membranes in the engine intake results in reduction of
ignition delay, increase of peak cylinder pressure, dramatic reduction of particulate emissions
and reduction of CO and HC emissions. Oppositely, intake air oxygen-enhancement results in
serious deterioration of diesel-emitted NOx. On the other hand, EGR has been widely
acknowledged as one of the most effective methods for significant NOx reduction in diesel
engines with however, detrimental effects on soot emissions and on brake specific fuel
consumption (BSFC). Hence, it emerges as a serious challenge the combination of intake air
oxygen-enrichment and EGR with primary target the simultaneous reduction of soot and NOXx
emissions with beneficial or in worst case, non-detrimental effects on brake efficiency of diesel
engines. Recirculated exhaust gas stream contains primarily carbon dioxide (CO,), water
(H20), oxygen (O,) and nitrogen (N,). In addition, the engine inducted air contains nitrogen,
which reacts with oxygen at high combustion temperatures resulting thus, in NO generation
inside the cylinder of a diesel engine. Hence, it is of high interest the investigation of diesel
combustion and gaseous pollutant generation in the case of minimization or even of complete
depletion of nitrogen in the inducted gaseous mixture through high oxygenation of intake air
and the use of high rates of cooled EGR. Hence, in the present study, a preliminary theoretical
investigation was performed for examining the effect of increased oxygenation of intake air
stream and cooled EGR as well as the effect of diesel combustion with pure oxygen
(inexistence of nitrogen) in the presence of carbon dioxide on the formation of diesel
combustion equilibrium concentrations and particulate and gaseous emissions concentrations
under combustion conditions close to actual diesel ones. Towards this aim the NASA
combustion equilibrium solver was used for predicting the equilibrium mole fractions of the
most important combustion-released gaseous constituents and through them to estimate on a
qualitative basis the gaseous and particulate emissions.
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INTRODUCTION

The implementation of continuously stringent environmental regulations for four-stroke diesel
engines has led to the development of various technologies for the curtailment of diesel-emitted
gaseous and particulate pollutants [1-3]. These pollutant-reduction technologies can be divided
into two main categories [4]: (a) In those which aim to the in-cylinder curtailment of gaseous and
particulate pollutants and they are often called as “Internal Measures” and (b) in those which
focus on the suppression of diesel-emitted pollutants in the engine exhaust and they are called
as “External Measures”. Nitrogen oxides (NOx) and soot particulates are the most important
atmospheric pollutants, which are emitted from diesel engines [1-3]. One of the most prominent
methods for diesel combustion improvement and reduction of soot emissions is the increase of
in-cylinder available oxygen mass. There are three main ways to enhance in-cylinder oxygen
availability [4-9]:
1. The increase of air mass supplied to the engine cylinders by increasing boost pressure
through advanced turbocharging [5,6].

2. The local increase of available for combustion oxygen mass through the increase of
oxygen molar fraction in engine inducted air [7-11].

3. The combustion of oxygenated fuels either as pure fuels or as mixtures with
conventional fuels [12-20].

According to existing experimental and theoretical investigations [12-20] the increase of
intake air oxygen mole fraction in diesel engines results in the increase of peak cylinder
pressure and in the dramatic decrease of particulate emissions. It results also in reduction of
carbon monoxide (CO) emissions, unburned hydrocarbons (HC), brake specific fuel
consumption (BSFC), ignition delay and diesel-emitted noise. The increase of intake air oxygen
mole fraction can be attained using air separation membranes, which separate the air mixture of
oxygen and nitrogen aiming to the production of air mass with higher oxygen content compared
to the one air having at the entrance of the separation membrane [13,14,21-23]. The operational
principle of the air separation membrane is based on the selective penetration of molecules
through elements constructed from polymeric membranes. Previously published study [14] has
shown that the increase of intake air oxygen fraction results in the increase of diesel engine
power and in particular, the potentiality of diesel engine power generation comparable to brake
power produced by turbocharged diesel engines. Hence, it has been proposed [14] the
possibility of the replacement of a diesel engine turbocharging and intercooling system by a
smaller and less demanding turbocharging system and air seperation membrane modules for
the air supply of a diesel engine with increased oxygen mole fraction. This will result in the
reduction of weight and development of a turbocharged diesel engine. Finally, previously
published studies [24-28] have demonstrated that the intake air oxygen-enrichment may result
in improvement of ignitability and the combustion efficiency of low grade and emulsified fuels
compensating thus, their considerably lower heating value compared to conventional diesel oil.
Despite the aforementioned advantages, the intake air oxygen-enhancement results in severe
increase of NOx emissions and for this reason the specific in-cylinder oxygen-enrichment
method should be combined with other techniques, which will aim to the simultaneous
curtailment of the most important diesel-emitted pollutants: soot and NOXx.

One of the most effective methods used in diesel engine technology for curtailing NOx
emissions is the partial recirculation of exhaust gases and their mixing with intake air, which is
commonly known as “Exhaust Gas Recirculation — EGR”. According to existing literature [29-
37], EGR results in reduction of in-cylinder generated NOx concentrations due to the reduction
of in-cylinder temperatures and to the reduction of engine-inducted oxygen. The suppression of
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in-cylinder gas temperatures is ascribed to the increase of intake gaseous mixture specific heat
capacity and the intake oxygen reduction is attributed to the partial replacement of intake air by
exhaust gases. According to the literature [31-37] the reduction of in-cylinder gas temperature
with EGR results in deterioration of BSFC compared to conventional diesel operation whereas,
both the reduction of combustion chamber temperatures and in-cylinder available oxygen has
detrimental effects on diesel-emitted soot compared to non-EGR diesel operation. In general,
EGR affects diesel engine performance characteristics and pollutant emissions through three
different physical and chemical mechanisms [31-33,35-37]:

e Thermal mechanism: The mixing of recirculated gases with inducted air leads to the
increase of the charge mixture heat capacity mainly due to the higher specific heat
capacities of recirculated CO, and H,O compared to O, and N,. The increase of intake
heat capacity results in reduction of in-cylinder gas temperatures downplaying thus, in-
cylinder NOx formation rate [29-32].

e Dilution mechanism: The partial replacement of inlet charge by carbon dioxide and
water steam, which are the primary constituents of recirculated exhaust gases, result in
reduction of inlet O, concentration. This results in reduction of local combustion rates
contributing thus, to the curtailment of local gas temperatures in addition to the aforesaid
thermal effect. The reduction of local oxygen mole fraction inside fuel jet due to its lower
in-cylinder availability results in suppression of kinetically-controlled local NOx formation
rate [31,32]

e Chemical dissociation mechanism: The recirculated water steam and carbon dioxide
are dissociated during combustion process affecting thus, the NOx formation inside the
combustion chamber [31,32].

The aforementioned effects of EGR on local fuel oxidation rate and local gas temperature
inside fuel jet have detrimental consequences on brake specific fuel consumption (BSFC) and
exhaust particulate matter of diesel engines, which vary with EGR rate, composition and
thermodynamic conditions (i.e. pressure and temperature) [33,34]. Ladommatos et al. [35-37] in
their fundamental work managed successfully to isolate the three aforementioned major effects
of EGR on diesel engine combustion characteristics and NOx emissions revealing that, under
constant inlet pressure, dilution of charge mixture is the most influential mechanism on the
reduction of engine-out NOX.

From the aforementioned thorough examination of available literature in the fields of intake
air oxygen-enrichment and EGR the following conclusions were derived: Intake air oxygen-
enrichment results in reduction of BSFC under constant fuelling rate or in diesel engine power
boosting under increased fuelling rate. In addition, the increase of intake air oxygen mole
fraction results in dramatic reduction of diesel-emitted soot and in some cases in soot-free
diesel operation. Intake air oxygen-enhancement results also in substantial reduction of diesel-
emitted CO and HC whereas; it has serious detrimental effects on NOx emissions compared to
conventional diesel operation. On the other hand, EGR results in serious suppression of diesel-
emitted NOx with detrimental, however, effects on BSFC and soot emissions.

Hence, the main objective of the present study, which was performed under a diploma thesis
in Hellenic Naval Academy, was the theoretical investigation of the potentiality of combining the
positive effects on intake air oxygen-enrichment on BSFC and soot reduction and the
corresponding beneficial effect of EGR on NOx suppression. Though that literature contains
published theoretical and experimental studies [38-41] regarding the combined effect of intake
air oxygen-enhancement and EGR on four-stroke diesel engine performance and pollutant
emissions, it has not been examined the combination of the two aforementioned techniques for
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minimizing and potentially eliminating the presence of nitrogen in intake gaseous mixture, which
is expected to result in elimination of diesel-emitted NOx.

For this reason, a preliminary theoretical investigation is performed in the present study to
examine the effect of intake air oxygen-enhancement and EGR on the chemical equilibrium
products on oxy-heptane combustion. N-heptane has been used in humerous simulations of
diesel combustion as one of the primary combustion surrogates of conventional diesel oil. The
results of a such preliminary study will be quite useful since will allow the examination of the
effect of air oxygen-enrichment in combination with the dilution mechanism of EGR and the
effect of diesel combustion with pure O, and CO, without the presence of N, on chemical
equilibrium products concentration and especially to those ones which controlling the formation
of gaseous (i.e. NO and CO) and the oxidation of diesel-generated soot (i.e. O, and OH). The
results of this preliminary analysis will be also quite fruitful and helpful in the case of diesel
combustion with pure O, and CO, before performing an overall diesel engine simulation since
will allow the estimation of the impact of oxy-diesel combustion (i.e. pure O, and CO, without the
presence of N,) on combustion-generated soot oxidizers and CO concentration in the case of
inexistence of NO. N-heptane combustion equilibrium analysis was performed with NASA
chemical equilibrium solver [42,43] whereas, Zeldovich mechanism was used to assess the
impact on NO formation rate [1,44] and CO formation — oxidation mechanism was used to
estimate the effect of equilibrium CO on net CO formation rate [45]. Under the present
preliminary theoretical study, three different scenarios of oxygen-enriched diesel combustion
were investigated: (a) Conventional diesel combustion without EGR and without intake air
oxygen-enrichment: This case was simulated by n-heptane combustion with a gaseous mixture
comprised of 21%v/v O, and 79%v/v N,, (b) Diesel combustion with intake air oxygen-
enrichment and EGR: This case was simulated by n-heptane combustion with a gaseous
mixture comprised of 40%v/v O,, 30%v/v N, and 30%v/v CO, and (c) Diesel combustion with
pure O, and CO, without the presence of N, (i.e. oxy-heptane or oxy-diesel combustion): This
combustion case was simulated by n-heptane combustion with a gaseous mixture comprised of
40%v/iv O, and 60%v/v CO,. For the three aforementioned cases of n-heptane combustion,
calculations were made under conditions occurring inside diesel engine cylinder (a) in areas
with high oxygen availability (oxygen excess ratio: Ao, = 2), (b) in areas inside the combustion
chamber, which are close to the stoichiometry (i.e. close to flame boundaries) (oxygen excess
ratio: Ao = 1) and (c) in areas of the combustion chamber, which indicate high fuel to oxygen
availability (i.e. inside fuel jet core) (oxygen excess ratio: Ao, = 0.5).

BRIEF DESCRIPTION OF NASA CHEMICAL EQUILIBRIUM SOLVER
AND POLLUTANTS FORMATION MECHANISM

The knowledge of combustion equilibrium concentrations of a chemically reactive system
offers the potentiality of calculating the thermodynamic properties of the system and most
importantly, offers the ability to use the chemical equilibrium concentrations as initial values for
estimating the actual concentrations of gaseous pollutants (i.e. NO and CO), which are primarily
controlled by chemical kinetics rather than chemical equilibrium. In addition, the calculation of
chemical equilibrium concentrations of primary soot oxidizers (i.e. O, and OH) provides the
opportunity to estimate soot oxidation rate, which is the primary destruction mechanism of the
soot generated inside a combustion chamber. For more than 40 years the NASA Lewis research
center [42,43] has been involved in the development of methods and computer programs for
calculating complex chemical equilibrium concentrations and for estimating also thermodynamic
properties of equilibrium mixtures. It is worth to mention that NASA’s chemical equilibrium solver
[42,43] has been implemented successfully in several engineering combustion applications.
NASA’s chemical equilibrium computational code [42,43] can calculate the combustion
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equilibrium concentrations for predefined thermodynamic conditions of the combustible mixture.
These thermodynamic conditions can be defined by two thermodynamic properties as follows
[42,43]:

Temperature and pressure, t-p
Enthalpy and pressure, h-p
Entropy and pressure, s-p
Temperature and volume, u-v
Internal energy and volume, u-v
Entropy and volume, s-v

Chemical equilibrium is usually describes either by chemical equilibrium constants of
individual combustion reactions or by the minimization of free energy. McBride and Gordon [42],
which compared the two chemical equilibrium solution methods, have shown that if a
generalized solution method is used the two equilibrium solution approximations (i.e. equilibrium
constants and minimization of free energy) are reduced to the same number of iteration
equations. However, with the application of free energy minimization method, each chemical
constituent can be treated independently with requiring the determination of the chemical
equilibrium reactions, which is necessary in the method of chemical equilibrium constants. For
this reason, the revised chemical equilibrium applications (CEA) program of NASA uses as a
solution method for chemical equilibrium problems the minimization of Gibbs free energy
[42,43]. A detailed description of the NASA’s CEA program can be found in ref. [42].

NO Formation Mechanism

As well-described in [1-3,44], NO formation is predominantly controlled by chemical kinetics
rather than chemical equilibrium. For the description of NO formation rate has been used in a
vast number of theoretical investigations the extended Zeldovich mechanism, which comprised
of the following three reactions [1,44]:

N+NO =N, +0
N+O, =NO+0O (10)
N+OH &= NO+H

The forward reactions constants are the following:

K, =1.6 x10"
K, =6.4x10°T exp(-3125/T) (12)
K; =4.2x10"

Upon mathematical manipulation, the combustion-generated NO concentration is calculated by
solving the following ordinary differential equation [1-3,44]:

ano)__2Rf1-a’)

= 12
] -
R, +R,
(NO)
(No),
As observed, the chemical equilibrium concentration NO, which is necessary for the solution of

the aforementioned ODE, is determined by the solution of the chemical equilibrium problem and
as it can be shown has a profound effect on the calculation of actual NO formation rate.

where:a =
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Soot Formation — Oxidation Mechanism

One of the most widely accepted soot formation and oxidation models, which it has been
implemented successfully in a vast number of diesel combustion computational simulations, is
the Hiroyasu’s soot formation and oxidation model [46]. According to this model, soot
concentration is the net different between two competing mechanisms: One describing the soot
formation rate and one depicting the soot oxidation rate. According to Hiroyasu’s model [46],
soot formation and soot oxidation rates are described by the two following Arrhenius-type
relations:

dmsf 0.5 Eact sf

—=Am Cexp| ———=
dt Asf f.ev p p [ Rmo|_|_i

d E (13)
msox — Asox ms & Pl.B exp ____act,sox
dt p RmoITi

where the index “f” denotes soot formation and the index “ox” denotes soot oxidation, mg, is the
evaporated fuel mass and po is the partial pressure of the oxidative inside burning zone. As
witnessed, soot formation rate is primarily controlled by the local availability of evaporated fuel
mass, pressure and local temperature. Soot oxidation rate is predominantly controlled by the
local availability of oxidizer through its partial pressure. In most studies [1-3,44] this soot oxidizer
has been considered to be only chemical equilibrium O,. However, Hountalas et al [47] have
proposed the utilization of equilibrium-derived hydroxyl (OH) radicals in conjunction with O,
chemical equilibrium concentration for the estimation of soot oxidizer partial pressure for better
describing the effect of burning zone oxidizers on soot oxidation rate. In most of the theoretical
investigations of diesel combustion conducted in the literature [1-3,44,47] constants A; and Agy
are selected for matching theoretical and experimental results for soot at a certain engine
operating condition. Hence, according to Hiroyasu’s model [44] the net soot formation rate is
expressed through the following equation:

dms — dmsf _ dmsox (14)

dt dt dt

CO Formation Mechanism

The primary cause of CO formation in conventional diesel engines is the fuel — air over
mixing phenomenon, which can be appear in cases of high ignition delay since CO is primarily
formed during diesel premixed combustion phase. One of the widely used CO formation models
in reciprocating engines is the one of Arsie et al. [45], according to which CO formation rate
inside combustion chambers is described by the two following reactions:

CO+OH «<>CO, +H ky (m’/kmole-s)=6.76x10" exp(T/1102)

CO, +0<>CO+0,  ky (m*/kmole-s)=2.51x10" exp(-22041/T )
According to Arsie et al. [45] CO formation rate is described by the following differential

equation:
d[co] [cO]
—=(R,+R,)|1-——— 16
dt ( 1 2)|: [Co]e ( )
where R; and R, is the rates of the two chemical reactions of Eq. (6). As evidenced from Eq. (7)
the CO formation rate is predominantly be controlled by the pertinent chemical equilibrium
concentration of CO (i.e. [COJe).

(15)
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THEORETICAL STUDY ASSUMPTIONS - TEST CASES EXAMINED

In the literature there have been proposed various approximations for the solution of
combustion chemical equilibrium equations [1,48-50]. The common reference point of all these
solution methods of chemical equilibrium equations is that they focus on the 11 most important
combustion gaseous products (N,, O,, CO,, H,O, CO, H,, NO, OH, N, H, O) neglecting all other
equilibrium constituents which their overall number is quite high (more than 300 chemical
constituents). Most of chemical equilibrium solution methods already proposed in the literature
and they have focused on the calculation of the chemical equilibrium concentrations of the
aforementioned 11 species are based on the development of an 11x11 non-linear system of
equations. For the development of the non-linear system the following 7 chemical equilibrium
reactions are utilized [48-50]:

1/2H, —2—H
1/20, —==0
1/2N, —22N
2H,0 —2=2H, + 0, (17)
H,0 —=—=0H +1/2H,

H, + CO, —2—=H,0 +CO

HZO+%N2—K'“—‘H2+NO

where K are the chemical equilibrium constants (ir = 1,2,...7).

In addition the C, H, O and N atom balances between the reactants and products of
perfect combustion are used for the development of the 11x11 non-linear system of equations.
The proposed chemical equilibrium solution methods differ in terms of the algorithmic process
adopted for the arithmetic solution of the non-linear system of equilibrium equations. For
example, Way [49] transformed the 11x11 non-linear system of equations into a 3x3 linear
system of equations by expressing all equilibrium species concentrations as function of molar
oxygen (O,) equilibrium concentration. Unfortunately, Way’s method [49] even quite innovative
for its time it was algorithmically time-consuming regarding its convergence due to the fact that
at each time step necessitates the application of an internal procedure for the estimation of the
main species concentrations as function of which all other concentrations are expressed. More
effective in terms of rapid convergence compared to Way’s method [49] is attained with the
computational method for the solution of chemical equilibrium and the calculation of the
aforementioned 11 species equilibrium concentrations, which was proposed initially by Olikara
and Borman [50] and its significantly improved version suggested by Rakopoulos et al. [48].
According to this method, perfect combustion is used to estimate the mole fractions of fuel,
oxygen (O,), nitrogen (N,), carbon dioxide (CO,) and water (H,O). Then these estimated values
are used as initial approximation to the solution method of the 11x11 non-linear system of
chemical equilibrium equations.

Unfortunately this computational method has been developed for the solution of chemical
equilibrium equations in the presence of oxygen and nitrogen contained in the oxidative mixture
(i.e. air) and thus it cannot be used for the solution of chemical equilibrium problem in the case
of combustion with pure oxygen without the presence of nitrogen. The main purpose of the
present computational investigation is the examination of the combined effect of intake air
oxygen-enrichment and EGR on diesel combustion equilibrium products. Towards this aim,
NASA chemical equilibrium solver was used, which has been developed by McBride and

ISSN:1791-4469 Copyright © 2014, Hellenic Naval Academy

A-51



NAUSIVIOS CHORA, VOL. 5, 2014

Gordon [42,43]. The specific chemical equilibrium solver in contrast to the aforementioned
solution methods [48-50] offers the potentiality of rapid solution of chemical equilibrium
equations for the combustion of a vast number of organic species under different
thermodynamic conditions. The NASA chemical equilibrium solver may predict the equilibrium
concentrations of a large number of gaseous products (i.e. more than 300). In addition, NASA
program offers the ability of the combustion simulation of organic species, which are considered
as diesel fuel surrogates with pure oxygen (i.e. oxy-diesel combustion). As known, real diesel oil
comprised of thousands of organic species of different molecular structure (paraffins, olefins,
natphenes and aromatic hydrocarbons). For this reason, in most of the computational
simulations of diesel combustion, surrogate hydrocarbons are used. The sequence of the
combustion reactions of these surrogate hydrocarbons approximates the combustion chain
reactions of diesel fuel. One of the most commonly used hydrocarbons in diesel combustion
simulations is the n-heptane (C;H;¢), which has combustion chain reactions closed to the ones
of conventional diesel fuel and for this reason is used in the present computational simulation. In
the specific study the diesel combustion simulation was performed for various pressures and
temperatures as well as oxygen to fuel equivalence ratios, which appear inside a diesel engine
combustion chamber. The primary target of the present investigation was the calculation of
chemical equilibrium species concentrations under thermodynamic conditions (pressures and
temperatures) appearing inside diesel engine cylinder under the following cases of n-heptane
combustion:

e Case 1: N-heptane combustion with air (21%v/v O, and 79%v/v N,). This simulation
case corresponds to conventional diesel combustion with air.

e Case 2: N-heptane combustion with oxygen-enriched air and recirculated exhaust
gases. In this case it was assumed that the diesel engine cylinder-inducted gaseous
mixture comprised of oxygen, nitrogen and carbon dioxide as a result of the mixing of air
stream with cooled EGR stream. The aforementioned assumption is based on the
consideration that the EGR cooler absorbs the entire quantity of water vapor from the
recirculated exhaust gases. Hence, in this simulation case it was assumed that the
oxidative gaseous mixture comprised of 40%v/v O, due to air oxygen-enrichment,
30%v/v N, and 30%v/v CO..

e Case 3: N-heptane combustion with pure O, in the presence of CO, (i.e. oxy-heptane
combustion). This simulation case is coming up from the following diesel engine
operational scenario: An air separation membrane has been installed in the intake of a
diesel engine for enriching the intake air stream with oxygen from 21%v/v to 40%v/v.
Oxygen-enriched diesel combustion results in reduction of N, in the products of perfect
combustion and thus, to a significant reduction of N, in the stream of recirculated cooled
exhaust gases, which is comprised primarily of CO,, N, and O, after the EGR cooler.
The partial replacement of intake air from recirculated exhaust gases lowers the capacity
demands from the air separation membrane and thus, the specific membrane under the
same pressure differential may generate an air stream with oxygen content higher than
40%v/v resulting thus, in dramatic reduction of nitrogen in the generated air stream.
Hence, the combination of a high capacity air separation membrane with high cooled
EGR rate may result in the production of a diesel engine-inducted gaseous mixture
comprised only of O, and CO, formulating thus, a combustion environment with pure
oxygen without the presence of nitrogen, which is the primary cause for the generation of
nitrogen oxides (NOXx) inside diesel engine combustion chamber. For the simulation of
this combustion case it was assumed in the present study that the intake gaseous
mixture contains 40%v/v O, and 60%v/v CO..
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For each one of the aforementioned combustion simulation cases, three different oxygen/fuel
equivalence ratios (i.e. oxygen excess ratios) were assumed, which they typically appear in
different points of a diesel engine cylinder. Specifically, for each one of the aforementioned
cases 1-3, chemical equilibrium simulations of n-heptane combustion were performed for the
following stoichiometry cases:

e Case A: Oxygen/fuel equivalence ratio Ao, = 2 (Combustible mixture rich in oxygen):
This stoichiometry case may appear in diesel combustion chamber areas outside of the
flame zone, where there is high oxygen availability compared to other in-cylinder areas.

e Case B: Oxygen/fuel equivalence ratio Ao, = 1 (Combustible mixture stoichiometric in
oxygen): This stoichiometry case may appear in diesel combustion chamber areas close
to the flame zone, where the combustible mixture is close to the stoichiometry.

e Case C: Oxygen/fuel equivalence ration Ao, = 0.5 (Combustible mixture lean in oxygen):
This stoichiometry case corresponds to diesel combustion chamber areas, where there
is high availability of evaporated fuel and low availability of oxidizer (either air or pure
oxygen) due to the limited penetration of the oxidizer inside diesel fuel jet.

It is worth to mention that oxygen/fuel equivalence ratio (i.e. oxygen excess ratio) was used as
mean for characterizing the stoichiometry of the combustible mixture instead of air/fuel
equivalence ratio (i.e. air excess ratio), which is commonly used. This selection was made since
the air/fuel equivalence ratio is not suitably for characterizing stoichiometry in the case of n-
heptane combustion with pure O,.

For each one of the aforementioned cases (1.A-1.C, 2.A-2.C and 3.A-3.C) the NASA
chemical equilibrium solver was implemented for calculating n-heptane combustion equilibrium
concentrations for constant initial pressure and temperature values (problem t-p). Specifically,
chemical equilibrium calculations were performed for three different values of reactants pressure
namely 50, 100 and 200atm. For each one of the aforementioned pressures, a temperature
range from 1000K to 2800K with step 100K was considered. These thermodynamic conditions
cover (case by case) the corresponding conditions appearing inside the cylinders of modern
diesel engines during the stages of combustion and expansion. The calculation cases of
chemical equilibrium products during n-heptane combustion with air, with oxygen-enriched air
and cooled EGR and with pure O, and CO, are presented in Table 1.

The combustion stoichiometry factors shown in Table 1 were calculated based on the
following perfect combustion reaction of a hydrocarbon C.H,, (for the case of n-heptane: n =7

and m = 16).
Hydrocarbon C,H, perfect combustion reaction:
C.H, +(n +?]02 + 3.773[n + ?j N, — nCO, +%Hzo +3.773 (n + ?j N, (18)
Stoichiometric oxygen/fuel ratio:
(n + ':j MW,
OF, =~— 5 —— (19)

fuel
where MW, is the oxygen molecular weight and MWj, is the fuel molecular weight.
Stoichiometric air/fuel ratio:

(n + Tj MW, +3.773 (n + Tj MW, ,
AF, = Iy (20)

fuel

Oxygen/fuel equivalence ratio (i.e. oxygen excess ratio):
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— NOZMWOZ
OFst (N I\/IqueI )

fuel

Aoz

(21)

where Ng; is the molar quantity of oxygen and Ny is the fuel moles.
Air/fuel equivalence ratio (i.e. air excess ratio):

A — NO2MWO2 + NNZMWNZ
¢ AFst (N IVIqueI )

fuel

(22)

TABLE 5. Calculation cases of chemical equilibrium concentrations of n-heptane combustion with air, with
oxygen—enriched air stream and recirculated exhaust gases and with pure oxygen in the presence of

carbon dioxide

CASE 1.A CASE 2.A CASE 3.A
n-Heptane (C;Hi6) combustion with air n-Heptane (C;Hi) combustion with O,, n-Heptane (C;H;) combustion with O,
(Oz and Np) N, and CO, and CO,

(Oxygen/Fuel Equivalence Ratio = 2) (Oxygen/Fuel Equivalence Ratio = 2) (Oxygen/Fuel Equivalence Ratio = 2)
No2 (mole Oz) 0.21 No2 (mole Oz) 0.4 No2 (mole Oz) 0.4
Nz (mole Ny) 0.79 | Nnz (mole Np) 0.3 | Nnz (mole Ny) 0
Ncoz (mole COz) 0 Ncoz (mole COz) 0.3 Ncoz (mole COz) 0.6
Nrwel (Mole n-heptane) 0.0096 | Nie (Mole n-heptane) 0.0182 | Nye (mole n-heptane) 0.0182
Stoichiometric oxygen/fuel 3.52 | Stoichiometric oxygen/fuel 3.52 | Stoichiometric oxygen/fuel 3.52
ratio OF ratio OF ratio OF
Stoichiometric air/fuel ratio 15.14 | Stoichiometric air/fuel ratio 15.14 | Stoichiometric air/fuel ratio 15.14
AFg AFg AFg
Air/fuel equivalence ratio A4 1.996 | Air/fuel equivalence ratio A4 0.770 | Air/fuel equivalence ratio Ay 0.465

CASE 1.B CASE 2.B CASE 3.B
n-Heptane (C;H;) combustion with air n-Heptane (C;H;) combustion with Oy, n-Heptane (C;H;) combustion with O,
(Oz and Np) N, and CO, and CO,

(Oxygen/Fuel Equivalence Ratio = 1) (Oxygen/Fuel Equivalence Ratio = 1) (Oxygen/Fuel Equivalence Ratio = 1)
Noz (mole 02) 0.21 Noz (mole 02) 0.4 Noz2 (mOIe 02) 0.4
Nnz (mole Ny) 0.79 | Nnz (mole Ny) 0.3 | Nyz (mole Ny) 0
Ncoz (mole COz) 0 Ncoz (mole COz) 0.3 Nco2 (mole COz) 0.6
Nrer (Mole n-heptane) 0.019 | N (mole n-heptane) 0.036 | Nse (mole n-heptane) 0.036
Stoichiometric oxygen/fuel 3.52 | Stoichiometric oxygen/fuel 3.52 | Stoichiometric oxygen/fuel 3.52
ratio OFs ratio OFg ratio OF
Stoichiometric air/fuel ratio 15.14 | Stoichiometric air/fuel ratio 15.14 | Stoichiometric air/fuel ratio 15.14
AFg AFg AFg
Air/fuel equivalence ratio Ay 0.998 | Air/fuel equivalence ratio Aq 0.385 | Air/fuel equivalence ratio A, 0.232

CASE 1.C CASE 2.C CASE 3.C
n-Heptane (C;His) combustion with air n-Heptane (C;His) combustion with Oy, n-Heptane (C;H;s) combustion with O,
(O; and Nyp) N, and CO, and CO,

(Oxygen/Fuel Equivalence Ratio = 0.5)

(Oxygen/Fuel Equivalence Ratio = 0.5)

(Oxygen/Fuel Equivalence Ratio = 0.5)

No2 (mole 02) 0.21 Noz (mole 02) 0.4 No2 (mole Oz) 0.4
Nz (mole Ny) 0.79 | Nnz (mole Np) 0.3 | Nnz (mole Ny) 0
Ncoz (mOIe CO2) 0 Ncoz (mOIe COQ) 0.3 Ncoz (mOIe COz) 0.6
Nrwel (Mole n-heptane) 0.038 | Nge (Mole n-heptane) 0.072 | Ngel (Mole n-heptane) 0.072
Stoichiometric oxygen/fuel 3.52 | Stoichiometric oxygen/fuel 3.52 | Stoichiometric oxygen/fuel 3.52
ratio OF ratio OF ratio OF

Stoichiometric air/fuel ratio 15.14 | Stoichiometric air/fuel ratio 15.14 | Stoichiometric air/fuel ratio 15.14
AF AF AFg

Air/fuel equivalence ratio Ay 0.5 | Air/fuel equivalence ratio Ay 0.192 | Air/fuel equivalence ratio Ay 0.116
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RESULTS AND DISCUSSION

Effect of Intake Air Oxygen-Enrichment and Cooled EGR on n-Heptane Chemical
Equilibrium Concentrations for Constant Thermodynamic and Stoichiometric
Conditions

The investigation of the combined effect of conventional intake air oxygen-enrichment
and cooled EGR and the diesel combustion in pure oxygen environment in the presence of CO,
on the chemical equilibrium concentrations of n-heptane combustion initiates with the case at
which the thermodynamic conditions (pressure and temperature) and the stoichiometric
conditions (oxygen/fuel equivalence ratio) remain unchanged. The main purpose of this
theoretical investigation is the assessment of the effect of n-heptane combustion with oxygen-
enriched air in the presence of CO, (approximation of the engine operational case, which is
based on the combination of intake air oxygen-enrichment and cooled EGR) and the effect of n-
heptane combustion with pure O, and CO, (approximation of the engine operational case, which
is based on the high oxygenation of intake air stream and high cooled EGR rate) on the
chemical equilibrium concentrations in contrast to conventional n-heptane combustion with air
(approximation of the conventional diesel engine operation).

In Figures 1-5 are presented the effect of oxidative gaseous mixture composition during
n-heptane combustion under constant initial thermodynamic conditions (pressure and
temperature) and constant stoichiometric conditions (i.e. oxygen/fuel equivalence ratio) on the
variation of chemical equilibrium mole fraction of various gaseous species, which as expressed
as function of temperature. Specifically, theoretical results for chemical equilibrium molar
fractions are given for the following equilibrium species: CO, (Figure 1), O, (Figure 2), NO
(Figure 3), CO (Figure 4) and OH (Figure 5). NASA’s program [38,39] predictions, which are
given in Figures 1-5 concern computations, which were performed under constant pressure (100
atm) and for values of oxygen/fuel equivalence ratio (Ao2) equal to: (a) 2, (b) 1 and (c) 0.5. In
each one of the figures (a), (b) and (c) of Figures 1-5 comparative predictions are presented for
the following cases of n-heptane combustion: Case 1.A (O,/N,/CO, = 0.21/0.79/0.0), Case 1.B
(O2/NL/CO, = 0.4/0.3/0.0) and Case 1.C (O,/N,/CO, = 0.4/0.0/0.6).

According to Figures 1(a)-(c), for all cases of oxygen/fuel equivalence ratio examined,
CO, equilibrium concentration is slightly reduced with increasing temperature for the cases of
conventional n-heptane combustion and for the case of n-heptane combustion with 40%v/v O,,
30%v/iv N, kai 30%v/v CO,. In the case of n-heptane combustion with 40%v/v O, and 60%v/v
CO, the rate of CO, equilibrium concentration reduction with temperature is higher compared to
the two aforementioned cases.

Observing Figures 2(a)-(c) it becomes evident that for the case of conventional n-
heptane combustion with air the O, equilibrium mole fraction is slightly reduced with increasing
temperature for values of oxygen/fuel equivalence ratio (Ao,) equal to 2 and to 1 whereas it
remains constant for temperatures up to 2400K and then it increases slightly in the case of
oxygen/fuel equivalence ratio equal to 0.5. According also to Figures 2(a)-(c), the chemical
equilibrium mole fraction of O, remains constant and close to zero for temperatures up to 2200K
and then it increases for all the cases of oxygen/fuel equivalence ratio examined. It is also
characteristic that in the case of n-heptane combustion with 40%v/v O, and 60%v/v CO, the
equilibrium concentration of O, remains constant and close to zero independently of the values
of temperature and oxygen/fuel equivalence ratio.

As observed from Figures 3(a)-(b), NO equilibrium mole fraction increases almost
exponentially with the increase of temperature for the cases of n-heptane combustion with air
and with mixture of 40%v/v O,, 30%v/v N, and 30%v/v CO, under oxygen/fuel equivalence
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ratios equal to 2 and to 1. Oppositely, according to Figures 3(a) and (b), NO equilibrium
concentration is zero as expected for the case of n-heptane combustion with 40%v/v O, and
60%v/iv CO, independently of the value of oxygen/fuel equivalence ratio. As evidenced from
Figure 3(c) NO equilibrium mole fraction values are zero for oxygen/fuel equivalence ratio equal
to 0.5 independently of n-heptane combustion mode. NO equilibrium mole fractions found zero
for this value of oxygen/fuel equivalence ratio since the corresponding N, equilibrium mole
fractions are zero.

As observed from the examination of Figures 4(a)-(c), for all cases of oxygen excess
ratio and for the cases of n-heptane combustion with air and n-heptane combustion with 40%v/v
0,, 30%v/v N, and 30%v/v CO,, CO equilibrium mole fraction remain constant and equal to zero
for temperatures up to 2200K whereas for higher temperatures they indicate a slight increase.
Oppositely, in the case of n-heptane combustion with pure oxygen and CO,, CO equilibrium
mole fraction increases rapidly for temperatures ranging from 1000K to 1400K whereas for
higher temperatures the rate of CO equilibrium concentration increase is substantially curtailed.

1.6 4 1.6 4
C,H,; Combustion Equilibrium C,H,; Combustion Equilibrium
b Pressure = 100 atm 7 Pressure = 100 atm
Py Oxygen to Fuel Equiv. Ratio = 2 Py Oxygen to Fuel Equiv. Ratio = 1
c 1.2 0,/N,/CO, = 0.4/0.0/0.6 c 1.2 0,/N,/CO, = 0.4/0.0/0.6
kel kel
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FIGURE 6. Effect of composition of oxidation gaseous mixture during n-heptane combustion under
constant initial thermodynamic conditions (pressure and temperature) and stoichiometric conditions
(oxygen/fuel equivalence ratio) on the variation of chemical equilibrium CO, mole fraction as function of
temperature. NASA chemical equilibrium [42,43] predictions are given under constant pressure (100 atm)
and for values of oxygen/fuel equivalence ratio (Ag,) equal to (a) 2, (b) 1 and (c) 0.5. In each of figures (a),
(b) and (c) comparative theoretical results are presented for the n-heptane combustion cases 1.A
(O,/N,/CO, = 0.21/0.79/0.0), 1.B (O,/N,/CO, = 0.4/0.3/0.0) and 1.C (O,/N,/CO, = 0.4/0.0/0.6).
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FIGURE 7. Effect of composition of oxidation gaseous mixture during n-heptane combustion under
constant initial thermodynamic conditions (pressure and temperature) and stoichiometric conditions
(oxygen/fuel equivalence ratio) on the variation of chemical equilibrium O, mole fraction as function of
temperature. NASA chemical equilibrium [42,43] predictions are given under constant pressure (100 atm)
and for values of oxygen/fuel equivalence ratio (Ag,) equal to (a) 2, (b) 1 and (c) 0.5. In each of figures (a),
(b) and (c) comparative theoretical results are presented for the n-heptane combustion cases 1.A
(O,/N,/CO, = 0.21/0.79/0.0), 1.B (O,/N,/CO, = 0.4/0.3/0.0) and 1.C (O,/N,/CO, = 0.4/0.0/0.6).

The observation of Figures 5(a)-(c) leads to the conclusion that for all cases of n-
heptane combustion examined in the present study and for all values of oxygen/fuel equivalence
ratio examined herein, OH equilibrium mole fraction remains constant and equal to zero for
temperatures ranging from 1000K to 1600K whereas for higher temperatures the growth of OH
equilibrium mole fraction is almost exponential.

From the overall examination of Figures 1-5 is becomes evident that n-heptane
combustion with 40%v/v O,, 30%v/v N, and 30%v/v CO, compared to conventional n-heptane
combustion with air (21%v/v O, and 79%v/v N,) results in:

Increase of CO, equilibrium mole fractions.

¢ Dramatic reduction of O, equilibrium mole fractions.

¢ Reduction of NO equilibrium concentrations (except of the case of lean mixture in terms
of oxygen).

¢ Small increase of CO equilibrium mole fractions especially for temperatures higher than
2200K.

¢ Reduction of OH equilibrium concentrations.
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In addition from the careful observation of Figures 1-5 it becomes obvious that n-heptane
combustion with 40%v/v O, and 60%v/v CO, compared to conventional n-heptane combustion
with air (21%v/v O, and 79%v/v N,) results in:

Substantial reduction of CO, equilibrium mole fractions.
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0,/N,/CO, = 0.4/0.0/0.6
— — 0,/N,/CO,=0.4/0.3/0.3
0,/N,/CO, = 0.21/0.79/0.0 K

[ )
¢ Elimination of O, equilibrium concentrations.
e Elimination of NO equilibrium mole fractions.

e Dramatic increase of CO equilibrium mole fractions.
e Drastic reduction of OH equilibrium concentrations.
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FIGURE 8. Effect of composition of oxidation gaseous mixture during n-heptane combustion under
constant initial thermodynamic conditions (pressure and temperature) and stoichiometric conditions
(oxygen/fuel equivalence ratio) on the variation of chemical equilibrium NO mole fraction as function of
temperature. NASA chemical equilibrium [42,43] predictions are given under constant pressure (100 atm)
and for values of oxygen/fuel equivalence ratio (Ao2) equal to (a) 2, (b) 1 and (c) 0.5. In each of figures (a),
(b) and (c) comparative theoretical results are presented for the n-heptane combustion cases 1.A
(O2/NL/CO, = 0.21/0.79/0.0), 1.B (O,/N,/CO, = 0.4/0.3/0.0) and 1.C (O2/N,/CO, = 0.4/0.0/0.6).
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FIGURE 9. Effect of composition of oxidation gaseous mixture during n-heptane combustion under
constant initial thermodynamic conditions (pressure and temperature) and stoichiometric conditions
(oxygen/fuel equivalence ratio) on the variation of chemical equilibrium CO mole fraction as function of
temperature. NASA chemical equilibrium [42,43] predictions are given under constant pressure (100 atm)
and for values of oxygen/fuel equivalence ratio (Ag,) equal to (a) 2, (b) 1 and (c) 0.5. In each of figures (a),
(b) and (c) comparative theoretical results are presented for the n-heptane combustion cases 1.A
(O,/N,/CO, = 0.21/0.79/0.0), 1.B (O,/N,/CO, = 0.4/0.3/0.0) and 1.C (O,/N,/CO, = 0.4/0.0/0.6).
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FIGURE 10. Effect of composition of oxidation gaseous mixture during n-heptane combustion under
constant initial thermodynamic conditions (pressure and temperature) and stoichiometric conditions
(oxygen/fuel equivalence ratio) on the variation of chemical equilibrium OH mole fraction as function of
temperature. NASA chemical equilibrium [42,43] predictions are given under constant pressure (100 atm)
and for values of oxygen/fuel equivalence ratio (Ag,) equal to (a) 2, (b) 1 and (c) 0.5. In each of figures (a),
(b) and (c) comparative theoretical results are presented for the n-heptane combustion cases 1.A
(O,/N,/CO, = 0.21/0.79/0.0), 1.B (O,/N,/CO, = 0.4/0.3/0.0) and 1.C (O,/N,/CO, = 0.4/0.0/0.6).

Effect of Oxygen/Fuel Equivalence Ratio on n-Heptane Combustion with
Increased Oxygen Availability in the Presence of CO;

Figures 6-10 illustrate the effect of oxygen/fuel equivalence ratio on the variation of
chemical equilibrium mole fractions of CO, (Figure 6), O, (Figure 7), NO (Figure 8), CO (Figure
9) and OH (Figure 10) as function of temperature. In Figures 6(a)-10(a) are given predictions of
the NASA’s chemical equilibrium solver [42,43] for the case of n-heptane combustion with
40%v/iv O,, 30%v/v N, and 30%v/v CO, under constant pressure (100 atm) for three different
values of oxygen/fuel equivalence ratio (i.e. 2, 1 and 0.5). Correspondingly in Figures 6(b)-10(b)
are given theoretical results of NASA’s chemical equilibrium solver [38,39] for the case of n-
heptane combustion with 40%v/v O, and 60%v/v CO, under constant pressure (100 atm) for the
three values of oxygen/fuel equivalence ratio examined in this study.

According to Figures 6(a)-(b) the increase of oxygen/fuel equivalence ratio from 0.5 to 1
results in the increase of CO, chemical equilibrium mole fraction whereas the further increase of
oxygen/fuel equivalence ratio up to 2 leads in a slight reduction of CO, equilibrium
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concentrations. Hence, it is confirmed that CO, formation is favored in combustion chamber
areas where the combustible mixture is stoichiometric or rich in terms of oxygen.

1.4+ 1.4+
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FIGURE 11. Effect of oxygen/fuel equivalence ratio on the variation of CO, equilibrium mole fraction as
function of temperature. NASA’s program [42,43] chemical equilibrium predictions are given for the n-
heptane combustion under constant pressure (100 atm) with (a) O,/N,/CO, = 0.4/0.3/0.3 and (b)
0,/N,/CO, = 0.4/0.0/0.6. In each of the cases (a) and (b) theoretical results are compared for values of
oxygen/fuel equivalence ratio Ao, = 0.5, 1 and 2.

From the examination of Figure 7(a)-(b) is becomes evident that the increase of
oxygen/fuel equivalence ratio from 0.5 to 1 does not cause substantial variation of O,
equilibrium mole fraction. Oppositely, the further increase of oxygen/fuel equivalence ratio from
1 to 2 results as expected in substantial increase of O, equilibrium concentration.
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FIGURE 12. Effect of oxygen/fuel equivalence ratio on the variation of O, equilibrium mole fraction as
function of temperature. NASA’s program [42,43] chemical equilibrium predictions are given for the n-
heptane combustion under constant pressure (100 atm) with (a) O,/N,/CO, = 0.4/0.3/0.3 and (b)
0,/N,/CO, = 0.4/0.0/0.6. In each of the cases (a) and (b) theoretical results are compared for values of
oxygen/fuel equivalence ratio Ao, = 0.5, 1 and 2.

As observed from Figure 8(a) the increase of oxygen/fuel equivalence ratio from 0.5 to 1

and then up to 2 results in the increase of NO equilibrium concentration in the case of n-heptane
combustion with 40%v/v O,, 30%v/v N, and 30%v/v CO,. This result was more or less expected
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since NO formation according to chemical equilibrium is favored in combustion chamber areas
with increased local oxygen availability. In the case of n-heptane combustion with pure O, and
CO,, NO equilibrium mole fraction is zero independently of the value of oxygen/fuel equivalence
ratio (Figure 8(b)).
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FIGURE 13. Effect of oxygen/fuel equivalence ratio on the variation of NO equilibrium mole fraction as
function of temperature. NASA’s program [42,43] chemical equilibrium predictions are given for the n-
heptane combustion under constant pressure (100 atm) with (a) O,/N,/CO, = 0.4/0.3/0.3 and (b)
0,/N,/CO, = 0.4/0.0/0.6. In each of the cases (a) and (b) theoretical results are compared for values of

oxygen/fuel equivalence ratio Ao, = 0.5, 1 and 2.

As evidenced from Figures 9(a)-(b) the increase of the oxygen/fuel equivalence ratio
results in dramatic reduction up to elimination of CO chemical equilibrium mole fractions either
in the case of reduced presence of N, (30%v/v N,) or in the case without the presence of
nitrogen in n-heptane combustion reactants. This finding is in accordance with observations
made in diesel engines, which they mention that CO formation is favored in combustion
chamber areas, where the combustible mixture is rich in fuel [1].
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FIGURE 14. Effect of oxygen/fuel equivalence ratio on the variation of CO equilibrium mole fraction as
function of temperature. NASA’s program [42,43] chemical equilibrium predictions are given for the n-
heptane combustion under constant pressure (100 atm) with (a) O,/N,/CO, = 0.4/0.3/0.3 and (b)
0,/N,/CO, = 0.4/0.0/0.6. In each of the cases (a) and (b) theoretical results are compared for values of

oxygen/fuel equivalence ratio Ao, = 0.5, 1 and 2.
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According to Figures 10(a)-(b) the progressive increase of oxygen/fuel equivalence ratio
from 0.5 to 1 and then to 2 results in the increase of OH chemical equilibrium concentration over
the entire range of temperature examined in this study and independently of the existence or the
inexistence of nitrogen in the reactants of n-heptane combustion.
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FIGURE 15. Effect of oxygen/fuel equivalence ratio on the variation of OH equilibrium mole fraction as
function of temperature. NASA’s program [42,43] chemical equilibrium predictions are given for the n-
heptane combustion under constant pressure (100 atm) with (a) O,/N,/CO, = 0.4/0.3/0.3 and (b)
0,/N,/CO, = 0.4/0.0/0.6. In each of the cases (a) and (b) theoretical results are compared for values of
oxygen/fuel equivalence ratio Ao, = 0.5, 1 and 2.

CONCLUSIONS

The main objective of the present preliminary study, which was performed under a diploma
thesis in Hellenic Naval Academy, was the theoretical investigation of the combined effect of
intake air oxygen-enrichment and cooled EGR on diesel combustion equilibrium products and
emitted pollutants. To attain this goal it was examined the chemical effect of intake air oxygen-
enhancement and exhaust gas recirculation on the chemical equilibrium mole fraction of various
gaseous combustion-released products of n-heptane combustion and through them it was
evaluated qualitatively the repercussions on the formation of soot, NO and CO. It was also
examined the effect of n-heptane combustion with pure oxygen in the presence of CO, (i.e. oxy-
heptane combustion) on the chemical equilibrium concentrations of various gaseous chemical
species. N-heptane combustion equilibrium calculations with different mixtures of oxygen,
nitrogen and carbon dioxide were performed for various values of pressure and temperature and
under different values of oxygen/fuel equivalence ratio using the free chemical equilibrium solver
of NASA [42,43]. The assessment of the theoretical results of this preliminary theoretical
investigation has led to the derivation of the following general conclusions:

The approximation of diesel combustion with oxygen-enriched intake air stream and cooled
EGR (n-heptane combustion case with 40%v/v O,, 30%v/v N, and 30%v/v CO,) in contrast to
the approximation of conventional diesel combustion (n-heptane combustion case with 21%v/v
O, and 79%v/v N,) resulted in:

e Reduction of NO equilibrium concentration in diesel combustion chamber areas where
there is high availability of oxygen with respect to available fuel and in pertinent areas
with oxygen to stoichiometric analogy i.e. flame zone. According to partial chemical
kinetics Zeldovich mechanism, which describes more effectively actual NO formation
inside a combustion chamber, the reduction of NO equilibrium mole fraction for specific
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values of pressure and temperature is anticipated to result in reduction of the actual NO
formation rate, which is described by chemical kinetics rather than chemical equilibrium.
Hence, it is concluded that the use of a diesel engine intake gaseous mixture comprised
of oxygen-enriched air and cooled EGR, which it has substantially lower effect on in-
cylinder gas temperature during compression compared to hot EGR, may result in the
reduction of diesel in-cylinder generated NO and thus, to the reduction of diesel-emitted
NO.

e Reduction of chemical equilibrium mole fractions of O, and OH. The reduction of
equilibrium concentrations of these main soot oxidative chemical species is expected to
result in the deterioration of diesel-emitted soot compared to conventional diesel engine
operation due to suppression of soot oxidation rate for the same conditions of pressure
and temperature.

e Increase of CO equilibrium mole fraction. This fact in conjunction with the fact of
reduction of O, and OH equilibrium mole fractions is expected to affect negatively diesel-
emitted CO, which are primarily controlled by partial chemical kinetics and they
predominantly affected by chemical equilibrium concentrations of CO, O, and OH for
constant values of pressure and temperature.

Further increase of CO, (from 40%v/v to 60%v/v) in the reactants gaseous mixture
compared to the previous n-heptane combustion case (40%v/v O,, 30%v/v N, and 30%v/v CO,)
and the elimination of N, from the reactants it was found that result in:

e Elimination of NO equilibrium mole fraction as initially expected. In this case is expected
that the actual combustion of a diesel fuel with pure oxygen and carbon dioxide will
result in NOx-free diesel engine operation.

¢ Significant reduction of CO, equilibrium mole fraction. Hence, it is assessed that the
feeding of a diesel engine with a gaseous mixture comprised of 40%v/v O, and 60%v/v
CO, is expected to serious reduction of diesel-emitted CO,, which are primarily
controlled by chemical equilibrium, compared to conventional diesel operation and diesel
operation with a intake gaseous mixture comprised of 40%v/v O,, 30%v/v N, and 30%v/v
CO,. The reduction of CO, equilibrium mole fraction is a profound indicator of fuel
conversion efficiency improvement. The substantial reduction of CO, equilibrium
concentrations, which were observed in the case of oxy-heptane combustion, is of
utmost importance since CO, is the predominant gas contributing to the deterioration of
greenhouse effect. Mndevioud Twv OuyKevTpwoewv 1ooppotriag O, Kal dPauaATIKh
Meiwon Twv OuyKevTpwoewyv 1ooppotmiag OH. Ztnv TTepiTTwon avauéveral 181aiTepa
onuavTik €mpBdapuvon TG aiBAAng atd TNV €QAPUOYN TNG AvTioTOIXNG TTEPITITWONG
Kauong pe kaBapd O, kal CO, ot éva kivnmrpa diesel Adyw 181aiTepa ONUAVTIKAG
uttoBd&BuIoNG Tou pubuoU ofeidwang oe axéon We éva ouufaTikd kivnTrpa diesel.

e Substantial increase of CO chemical equilibrium concentrations. In this case and in
conjunction with the dramatic reduction of the chemical equilibrium mole fractions of the
predominant oxidative chemical species (O, and OH) it is anticipated a significant
deterioration of diesel-emitted CO in the case of diesel operation with intake mixture
comprised of pure oxygen and carbon dioxide.

Overall this preliminary study has provided the opportunity to examine different scenarios of
diesel combustion with oxygen-enriched air stream and cooled EGR as well with pure oxygen
and carbon dioxide and through them to develop qualitative predictions about the pertinent
effects on actual diesel-emitted soot, NO and CO values. Hence, such preliminary studies can
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be proven quite useful before performing complex diesel engine simulations to understand
certain effects on diesel combustion.

Another important aspect of this preliminary study, which was performed under a diploma
thesis in Hellenic Naval Academy, is that chemical equilibrium solvers can be used as teaching
and research tools in the hands of teachers and students for better comprehension of diesel
combustion.

Another important finding of this study is that combustion with pure oxygen (40%v/v) and
carbon dioxide (60%v/v) in actual diesel engines is anticipated to result — compared to
conventional diesel operation — in improvement of combustion efficiency, reduction of CO,
emissions and elimination of NO emissions with parallel serious detrimental effects on diesel-
emitted soot and CO values. Hence, it is necessary the investigation of different analogies of O,,
N, and CO, as well as of O, and CO, in order to derive the optimum reactants mixture
composition for simultaneous reduction of NOx and CO, emissions without serious negative
effects on soot and CO emissions.
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XpRion BiovTtileA og Kivntipeg NT1ieA: Mia Texvikn,
Oikovouikn Kai MepiBaAlovTiki ETTICKOTTNON

©e6dwpog K. Zavvnc®, lwavvng Z. Katodvng® kal ATTOoToAoC |.
EuBupiadnc®

“Touéag Naurrnyiknic kai Nautikric MnyxavoAoyiag, ZxoAn Nautikwv Aokiuwyv,
Tépua Newe. Xarlnkupiakou, 18539 lMeipaiag, EAAGOa
FTexvouetoikn EME, XoAapydc, Arriki, EAAGSa

MepiAnyn. 2KOTTOG QUTAG TNG ETTIOKOTINONG €ival N JEAETA TWV KOUGIMWY TTOU TTOpAyovTal
atmo wIKA Kal QUTIKA éAaia 6oov agopd TIG IBIOTNTEG TOUG Kal TNV ETTIdOpACN TTOU £XOUV
OTN AEITOUPYIKA CUUTTEPIPOPA KAl OTIG EKTTOUTTEG PUTTWYV aTTO KIVNTHPES VTICEA. Ta Kauoipa
TTOU KUpiwg e&eTalovTail gival ol JEBUAEDTEPES AITTAPWVY OEEWV TTOU TTaPACKEUAOVTal aTTo
HIa TTOIKIAIO QUTIKWV €AQiWV KAl (WIKWV AITTWV Kal KAAOUVTalI WG Kauoiua PlovTieh. To
MEYOAUTEPO €UTTOBIO YIO TNV €UpEia xprion Twv Kauoipgwy BlovTiCeA gival To upnAd K6oTOG
TTOPOOKEUNG TOUG Ot OXEON ME TO OUMPBOTIKO TTeTpéAdo. AgIOAOyEiTAl OIKOVOUIKA 1
d1adikaoia TTapaocKeUng PBIOVTICEA Kal cupTtrepaiveTal OTI N TIPNA TNG TTPWTNG UANG (Cwiko
NITTOG 1 QUTIKO €Aaio) €ival O KupIOTEPOG TrapdyovTag TTou KaBopilel Tnv TiuR Tou
TTPOKUTITOVTOG PlovTiCeA. EZetdalovial emoTapéva n XNMIKA oUoTacn Kol Ol (QUOIKEG
IOIOTNTEG TWV TIO OUXVA  XPNOIMOTTOIOUPEVWY  €0TEPWY  NITTOPWY  OgEwv. AKOUN
aglommoiwvTag 6edopéva aTTd TTEIPAUATIKEG dlEPEUVHOEIG. e€eTAleTal N €TTidpacn diaPdpwv
Kauaiywv BiovTiCeA oTn AsiToupyia Kal OTIG EKTTOUTTEG PUTTWYV BiXPOVWV KaI TETPAXPOVWV
KivnTApwv vTiCeA. Ta ammoteAéopaTta €d€iEav OTI N xpnoiyoTroinon Tou BiovTifeA oe kaBapr
pop®n (100%) A wg piyha dev €xel onuUAvTIKY €TTIOPOCN OTNV OIKOVOUIa KAUGIKMOU Tou
KivnTApa vTideA. H NITTQVTIKA IKAVOTNTA QUTWY TWV KOUCIPHWYV gival HEYaAUTEPN ATTd AUTH
TWV CUPBATIKWY Kauaidwy BiovTifeA kal auTh n 1I016TNTa €TTNPEEACEl BETIKA Kal TN AITTAVTIKN
IKavoTNTA JIYHATWY cupBaTtikwy Kauoigwy diesel kai BiovtiCeA yia moocooTd avdauigng
mavw amd 20% k.0. O1 ekTTOPTTEG OwMOTISiwY alBAGAng (PM) ptmopolv va peiwbouv
OpapaTIKA e TN XPAoN PlovTifeAs o€ KIVNTAPEG TTOU OV €XOUV UWNAEG EKTTOMTTEG
akaUuoTwyv Adyw kauong AIravTikoU eAaiou. O1 ekmmoutrég NOX auédvouv onuavTikd T16o0
yia xpron 100% Biovtideh 600 Kal Katd TN Xprion HIydaTtwy diesel kal BiovTiCeA 1600 o€
Oixpovoug (2-X) 6co kai oe TeTpdypovoug (4-X) kivnTipeg Diesel. H emdeivwon Twv
ekTTopTTWV NOX gival JIKpOTEPN 0€ cUyXpovoug 4-X kivnTApeg Diesel.

A&geig - kAeidid: Kivnmipa Diesel; BiovTifeA; xnuUIKA cuoTacn; 1010TNTEG; AEITOUpPYIKN
OUMTTEPIPOPA; EKTTOUTTEG PUTTWV
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EIZArQrH

Fewpylkd AT kal éAaia autouoia ) o€ XNUIKA TPOTTOTTOINUEVN HOP®R TTAPEXOUV TNV
ouvaToéTNTa UTTOKATACTAONG €VOG TTO000TOU TWwV KAAOUATWY TOU TIETPEAQIOU KAl TwvV
TIETPOXNUIKWY TTPOIGVTWY AdN amd T apxég Tou 20 aiwva. To BioAoyiké autd UAIKO TTou
euPaviCel Bepuokpacia avaKTNONG CUUTTUKVWHATOG €VTOG Twv opiwv dIaKUPavong auTrg Tou
TeTpeAaiou €xel 1IDIAITEPO evdIaPEPOV €TTEION €xel OcIXOei OTI PEIVEI ONUAVTIKA TIG EKTTOMTTEG
owpamdiwv alBdAng o oxéon e 1o ocupBaTikd TTeTpéAaio. To dvoua BiovTiCeA atmodideTal oTa
Kauolya TTOU TTapaoKeudlovTal atmd TNV €0TEPOTIOINCN AVAVEWOCIPMWY €AQiWV. ANITTWV Kal
AITTapwyv o&éwv. Mg Tov 6po «avavewalua» eVVoEiTal 0TI auTd Ta TTPWTOYEVH UAIK& UTTopouv va
avatrAnpwBouv atmd Tnv avamtuén @utwv 1 amd Tnv aflomroinon TTapaTTpoiovIwy (WIKAG
TTapaywyng. H TTpwTapXIKA TNy TOU EVEPYEIAKOU TTEPIEXOUEVOU QUTWYV TWV KAUCIPWYV gival o
AAIoG. Ta Mo avTITTPOCWTTEUTIKA Blokauciya €ival oI €0TEPEG BIaPOPWV QUTIKWV EAdiwV Kal
CWIKWV NITTWV 1 aAAIWG €0TEPEG NITTAPWV 0EEWV OTTWG O HEBUAEOTEPAG TOYIEAQIOU KAl O E0TEPOG
Cwikou Aittoug. H TexvoAoyia TTapaywyng Twyv PJEBUAECTEPWY atTd aypoTiKG AiTTn kai éAaia gival
eupéwg yvwoTh. Ta Nimapd o&éa ptropei va AngBouv atrd QuTIKA éAaia OTTwWG CoyIEAAIO 1) TO
KpapBéAaio n Aiwpéva AR 4 diIdgopa TTapaTTpoiovTa OTTwg Mayelpikd Cwikd Aitn. To
MEYOAUTEPO EUTTODIO OTN EUpEia XPon Twv NITTWV KAl TwV EAQiWV WS KAUOIPA Kal XNMIKWY gival
TO UYPNAG KOOTOG TwV TEAIKWV TTPOIOVTWY O OXEon e To TTETPEAAIO. To KOGTOG Tou PBIovTieA
TTOU TTAPAYETAl ATTO PAYEIPIKA EAaia OTTWG TO OOoYIEAAIO gival 4-5 QOpPEG HEYOAUTEPO O0€ OUYKPION
ME TO avTiOTOIXO KOOTOG TTapaywyrg cuppBatikou kauaipou vri¢eh. To BlovtideA cival TTARPwWS
avayi€iyo he 1o ocupBaTikd Kauaipo vTiZeA (To otroio ava@épetal wg D-1 yia To katoiyo No.1 kai
D-2 yia 10 Kauoiyo No.2) kal xpnolgoTrolgital uVABWG e TN HOP®H MiyHaTOG pE cuuBaTiké
Kauolha vTiCeA. AuTd Ta giyuata xapaktnpidovTal ye faon 1o ToGooTd Gykou Tou BIovTileA aTO
Miypa. MNa Tapdadeiypa. n ovouacia B-20 avagépeTal o€ piypa vTieA Kal BlovTieA Ye TO TTOOOOTO
Tou TeAeuTaiou oTo piypa va givar 20% k.0. To kauoipyo piypa B-20 éxer Trepitmou 2% K.B.
0gUYOVO Kal N TTAEIOVOTNTA TWV PEAETWYV TTOU £XOUV Yivel €xouv TTpayuatoTroindei yia autd To
T0c00TO BlovTiCeA oTo piypa. Etreidry 10 BiovTieA civar eAappws BapuTtepo atmd To TTETPEAAIO
vTiCeA, N Koiv dladikaoia Yigng eival n TpoaBrkn Tou BiovTiCeA oTo TTAVW PEPOG TOU TTETPEAAioOU
vTiCeA. To PBlovtiCeA dev TTepiExel AJWTO 1 APWUATIKEG OUGCIEG Kal TTEPIEXEI XOPOAKTNPIOTIKA
AiyoTEpPO atTd 15 ppm Begiou.

MINAKAZ 4. EmriAeypéveg 18160TNTEG oupBaTIkKoU kauaipou diesel kai BlovTiCeA [Biodiesel Handling and Use
Guidelines .K. Shaine Tyson. National Renewable Energy Laboratory. NREL/TP-580-30004.September

2001]
1816TNTEG KAUTiUOU NTICEA BiovTiCeA
MpdéTutro pérpnong ASTM D975 ASTM PS 121
20vBeon Kauagipou C10-C21 HC C12-C22 FAME
EAaxiotn BepuavTikr Aia (Btu/gal) 131.295 117.093
Kivnuartiké [§wdeg og 40°C 1.34.1 1.9-6.0
Eidiko6 Bdapog og 60°F (kg/l) 0.85 0.88
Mukvotnta og 15°C (Ib/gal) 7.079 7.328
Nepo (ppm K.B.) 161 .05% max
AvBpakag (%K.B.) 87 77
Ydpoyovo (%k.B.) 13 12
Oguydbvo (%k.B) 0 11
Ocio (%K.) 0.05 max 0.0-0.0024
>nueio Zéong (°C) 188-343 182-338
2nueio AvagAeéng (°C) 60-80 100-170
2nueio ©6Awong (°C) -15 éwg 5 -3 éwg 12
>nueio ‘Ekxuong (°C) -35 éwg-15 -15 éwg 10
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ApIBu6g Ketaviou 40-55 48-65
2TOIXEIOPETPIKA avaAoyia aépa/ Kauaiyou K.[3. 15 13.8

To BiovTiCeN ptmopei va xpnoiyotroinBei kabapod ) piyya oe oTroladnTToTe avaloyia Pe To
vTiCeA No.2 ] 10 vTiCeA No.1 (knpodivn).O1 TTEpICOOTEPOI XPHOTEG XPNOIMOTTOoIOUV £va piypa 20%
BrovTiCeA pe 80% vTiCeA (B20) yia TToikiAoug AGyoug:

e To B20 gAaxioToTrolEl TOV QVTIKTUTTO TOU KOOTOUG TOU PBIOVTICEA OTOV XPROTN

e 'Eva piyua 20% kpatd TIG auénoeig Twv ekTTouTTwv NOX WIKPO (1-4%) kai péoa oTa
EMTPETTOUEVA OPIA EKTTOMTING VIO TIG HNXAVEG ECWTEPIKNG KAUONG.

e 'Eva piypa 20% divel Ta o@éAN TNG peiwong Twy pUTTWV PE TN PEiWON TNG alBAANG. Twv
oTEPEWV PUTTWYV, Twv udpoyovavBpdkwyv, Tou povoeldiou Tou AvBpaKa, Kal TOu
d10geIdiou Tou dvBpaka Katd Touldyiotov 10% o€ kKdBe éva.

e To B20 dev dnuioupyei onuavTikG TTPoRARUaTa e ammo@pain QIATpwY Kal T0 OXNUATIONO
I{A)MATOC TTOU PTTOPOUV va TTPOKUWOUV atTd TV aAAnAeTidpacn YeTagu Tou BiovTieA kal
TWV OCUCCWPEUPEVWY INUaTwY Kal TNG AdoTing Tou oxnuarti¢etal oTiG OeEAPEVES
atroBbrkeuong vTiCeA.

e To B20 eAéyxel Tnv augnon oto onueio BdAwaong (cloud point) kal To onueio €kxuong
(pour point) w¢ éva onueio TTOU PTTOPOUV va eAéyEouv oI TTPOOBETEG ouoieg KpUOg
€KKivnong.

e Oa mpokUyouv Aiya TTpoBAAuaTa cuuBatodTnTag pe UAIKA pe pivua B20. Ta mo TTAodoia
Miygata 6a TrpokaAéoouv TTEPIOOOTEPA TTPOPRAAUATA PE TIG AAOCTIXEVIEG TOIMOUXEG.
PAAVTCEG Kal HAVIKEG EKTOG av £XOUV avTIKATOOTABEN e UAIKA avOeKTIKA GTO BIovTiCeA.

H xpAon Tou piypaTtog B20 em@épel pia e€100ppATTNON METAEU TOU KOOTOUG. TWV EKTTOUTTWV.
TOU KpUoU KaipoU. TNG ouppardotnTag Twyv UAIKWY, Kal Twv {NTNUATWY OIOAUTIKAG IKavOTNTAG.
Eival pia kaAn agetnpia yia Toug véoug XpNoTeg eTTeId avTiyeTwTTiCouv TTpoARuarta otrévia. Ol
XPNOTEG TTPETTEI va €ival TTPOCEKTIKOI KaTtd Tnv PeTdBacn amd 1o B20 mpog 1a uywnAdtepa
MiypaTa dedopévou 0Tl 0 Kivouvog yia gu@dvion TTpopAnudTwy augdvetal. Autd Ta TTpoBARPaTa
MTTOpOUV va puBuioTolv aAAd TTpéTTel va oxedlaoTouv E TTPOCOXN O OTPATNYIKEG yIa TNV
eTTiAucn Toug YwnASTepa piyuarta éxouv Xpnoipotroindei katd 1n dIAPKEIA EKTETANEVWV XPOVIKWV
TEPIGOWV KAl JEPIKOI EUTTOPIKOI OTOAOI XpnoipoTtroiouv B10O.

MiypaTa pe mepIekTIKOTNTEG 35%, 50% Kal uPNASTEPEG PTTOPOUV VA TTAPACTYXOUV ONUAVTIKA
OQEAN aTTd TN PEIWON TNG EKTTOMTING Tou HovoEeldiou Tou AvBpaKka, Twv OTEPEWV PUTTWYV, TNG
aIBdANG kal Twv udpoyovavOpdkwy. MAOUCIOTEPO PiYMOTA HEIWVOUV CNUAVTIKA TIG EKTTOPTIEG
TTOAUKUKAIKWY GPWHATIKWY udpoyovavBpdkwy Kal GAAwY TOEIKWY i KAPKIVOYyOvwy oudiwy. Ta
TTAOUCIOTEPA MiyHATA TTAPEXOUV ETTIONG CNPOVTIKEG PEIWOEIG TWV EKTTOUTTWV TWV OEPIWV TOU
QPAIVOUEVOU TOU BEPUIOKNTTIOU KAl QUEGVOUV TOV AVAVEWUCIKO XAPAKTAPA TOU KAUGIOU

To BiovriCeA TTepIEXEl 0§uydvo 11% KaTd BAPOG OTO OTT0I0 OPEIAETAI N EAAPPUWGS XAUNASTEPN
BepuavTikn agia Tou (evepyelakd TTEPIEXOUEVO) OTTWG KAl O XAPAKTNPIOTIKA XOUNAEG EKTTOUTTEG
povogeidlou Tou GvBpaka, alBdAng, kai udpoyovavlipdkwyv. TO evEPYEIOKO TTEPIEXOMEVO TOU
BlovTiCeA cival katd TTpooéyyion 10% AiyoTepo atmd 10 vTifeA NO.2 KOl CUYKPIOINO JE TO VTICEA
No.1 (knpodivn. H amodoTtikétnTa Kauciywyv BlovTiCeA civar n idla pe Ta kauvoiya vtiCeA. H
OIKOVOWia, n 10XUG, Kal n poTrg cival avdAoyeg TTpog TV BepuavTiKA agia Tou PlovTieA 1) Tou
MiypaTog BiovTileA.

loTopik Avaokoétrnon Kaucipwyv mrou Mapdyovral amrdé Putikd ‘EAaia

'H3N amd T11¢ apxéC Tou 20 auwva. €ixe EEKIVATE £PEUVA OXETIKA PE TN XPHON AVAVEWCIHWY
Kauaipwy vTigeA. AvayvwpioBnke dueca 0TI N AUeon XPAoN QUTIKWY eAQiwV O€ KIVNTAPES VTICEA
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Oev ATav ammodekTr). O Walton [1] To 1938 dnuocicuce pia TTPWTOTTOPIAKNA £pyadia PE QUTIKA
é\aia kal TTPOTEIVE Eva apyIKO oxEDIo yia Ta BiovTiCeA. E¢etdoTtnkav Tpia EAaia o€ évav KivnThpa
vTiCeN pe €10kl katavdAwon 0.416 Ib/bhp-hr tmou eival ouykpiolun pe TRV amodoon evég
ouyxpovou Kivnthpa. MNeipapatikég dokiyéEG TTou Eyivav €d€iEav OTI N OIKOVOWIa Kaugiuou yia
Kauon pe ooyiéAaio, @oivikéAaio kal Baupakélaio épBaoe o1o 90-91% Tng avtioToixng yia kauon
ME OUMBATIKO Kauolyo VTiCeA OTO TTAPEG QOopPTio Kal 0t SIAPOPES TaxUTNTEG TTEPIOTPOYNG. H
Kauon QUTIKWV eAdiwv TTPOKAAEI TO OXNUATIONO €EaVOPAKWHUATWY Kal eP@avidel TTpoRARuaTa
OTTwG autd TNG SIaBPWTIKOTNTAG XAAKOU Tou @oivikeAaiou. Efaitiag Twv mpoBAnudaTwy TTOU
mpoékuwav o Walton mpdteive Tnv didotracn Twv TPIYAUKEPIDIWV Kal T XpRon Twv
TIPOKUTITOVTWY AITTAPWYV 0&EWV w¢ Kauaoluo. H 16éa Tou TpdTeive o Walton €€eAixbnke apyd kai
onMAavTIKR TTPOOTTAtEIa agiepwBnke oTn digpelivnon TNG XPHong QUTIKWV eAaiwv. O Martinez de
Vedia [2] T0 1944 dnuoocicuce OOKIYEG TTOU €yivav WE MiydaTa vTigeh kai AiveAaiou. H kauon
QUTWV TWV PIYPATWY €iXE apvnTIKY €TTIdOpacn OTIG 1I810TATEG TOU AITTAVTIKOU €Adiou Kal PAAIOTA N
emdeivion TWV IBIOTATWYV EyIVE PE TaXUTEPO PUBUO ag axEéon ME TNV avTioToixn emdeivwaon Katd
TNV Kauon cuuPaTtikoU kauoipou vriCeA. O Martinez de Vedia Bprike 611 n amaAAayn Twv
Kauoipgwy ammd didgopa ICAUATa TTPIV TV KaUuon TTPOKAAEl eAaxiototroinon tng BAGBRNgG twv
EYXUTAPWY Kal TNG aTroQpagns Twv QiATpwy Kauaiyou. H cuykévipwon e§avBpakwudtwy oTa
THAMATA TOU KIVATAPO ATAV ONPAvTIKG uwnAdTePn KaTd TNV KaAUon TwWV PIYHATWY BIOVTiCEA o€
oxéon Me Tn avTioToixn Katd tnv kauon vriCeh. O ouyypagéag dnAwaoe OTI PiypaTta AiveAaiou Ba
armroteAouoav TTPOBANHA av XPNOILOTIOIOUVTAV OTO UTTAPXOVTA OTOAO KIVNTAPWY YIO HAKPA
XPOVIKA dlaoThuaTa AEIToupYiag.

O Huguenard [3] digpedvnoe TNV KOTAVAAWON KAUGIPJOU Kal Tnv Trieon kaluong Katd Tnv
Kauon MIyMAtwy eAaiwv Kal VvTiCeA yia dIAQOopES TTPOTTOPEIEG £yXUONG O€ dUO £PYACTNPIOKOUG
KIivNnTApES eppéoou éyxuong (IDI1). ATrodeixOnke o1 Ta piypota BaupakeAaiou-NTiCeA pTopoulv va
KaoUV YIa JEYOAUTEPEG TTPOTTOPEIEG OE OXEON ME TIG AVTIOTOIXEG TTOU UPioTAvVTAl KATA TNV KAUOT
Tou VTiCeA. MeTd aT1Td YIKPO XpovIKG didoTnua AsIToupyiag. o TTPWTOG aTTd TOUG dUO KIVNTAPES
Oev UTTOpeCE va TMIACEl TO QopTio TTou gixe TTpodiaypagei. O KivnTAPAG atmocuvapuoAoynionke
Kal BpEOBNKe OTI ATAV YEUATOG £EAVOPOKWUATA KAl €iXav aagToxia Ta eAATrpIq.

O1 Brower et al. [4] To 1980 avépepav OTI n Kavuon nAieAaiou ae KIvNTAPEG VTICEA TTPOKOAET
auvénon TG €18IKAG KaTavaAwong Kauaigou (TToodTnTa Kauciyou avdé povada Trapayouevng
TIPAYMATIKAG 10XU0G) O OXEON ME TO CUMPBATIKO KAUOIUO vTiCeA. ETIITTAéOV. KABWG 01 eyXUTAPES
ATTOPPACCOVTAV TTPOOBEUTIKA. TTOCOTNTA AKAUOTOU KAUTiuou dpxioe va dIaAUETAl OTO AITTAVTIKO
¢€Nalo Tou OTPOPAAOBOAGPOU PE QTTOTEAECHA TNV EUTTAOKA Twv eAATNPiIWV Kal YEVIKOTEPA TNV
aoToyxia Tou kivnTApa. O digpeuvhoelg TTou TTeEplypd@nkav €dw utrooTnpifovtal atmd TTOAAEG
GAAeG PEAETEG TTOU €iXav oav OTOXO BEuaTa QEIOTTIOTIAG TOU KIvATHPA KOTA T AgiToupyia pe
QUTIKA éAaia. Ta oTroia ATav avauepdiyuéva e vrieh [5-9]. O1 Bruwer et al. [4] o€ pia atmé TIg
TIPWTEG ONUOCIEUUEVEG EPYOOIEG TOUG OXETIKA PE €0TEPEG ANITTAPWYV 0&Ewv BpAKav OTI N Xprion
eotépa nAiehaiou @avnke Ot €mAUel didpopa TTpoBAAuATa TTOU OxeTiCovial PE T XPARon
TIPWTOYEVOUG PUTIKOU EACIOU KAl OTNV TIPAYHATIKOTATA TTApryaye AiyoTepa £§avOpakwpaTa Katd
N SOKIUA O€ €pyaoTnpEIakd KivnTApa atmd o1 To cuuPaTtikd kauoigo vTifeA. H apatpwon Tng
a1BAANG ATav €TTioNG XAKNAGTEPN PE TN XPNON TOU £0TEPA QUTIKOU gAdiou attd OTI PE TN XPRON
TOU VTICEA.

O1 Bacon et al. [10] avépepav OTI N dnpioupyia £EavOPAKWHATWY Kal O TTOAUUEPIOPOG TwV
QUTIKWV €Aaiwv PTTopEl va eAayioTotroinBei yéow TNG €0TEPOTTOINONG. ZNMEIWONKE €TTiIONG N
evudpoyodvwaon yia Tnv eAayioTotroinon Tng acTtdBelag Katd Tnv  amoBbrikeuon KAl Tng
onuIoupyiag e€avOPAKWHATWY OE QUTIKA £AQIA KOl EOTEPEG PTTOPET va 0dNynRoel o€ AveTTIBUPNTEG
1I016TNTEG PEUCTOU O€ XOUNAEG BEPUOKPOTIES.

O1 Fort ka1 Blumberg [7] Tpayupatotmoincav TEIPAPOTIKEG WETPAOCEIG WE PeEBUAEOTEPQ
BaupakeAaiou. Mapatipnoav 6Tl n A€ITOUPYIKA atrddocn TOU KIVNTAPA ATAV CUYKPIoIUN ME
eKeivn Katd Tn Asitoupyia Tou KIvNTAPA We VTICeEA Xwpig Kapid peTaBoAn otn atrodidouevn 1o0xU
Kata Tnv didpkela piag dokIuAg aglotmaTiag didpkeiag 200 hr.
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O1 Engler et al. [11] e&taocav piygata nAighaiou kol €0Tépa  nAigAaiou  TToU
TTapackeudodnkav pe PeTaTpoTrr) TTooooTou 38. 68 kal 98% avTtioToixa Tou apxikou eAaiou. Mn
OTTOOEKTEG OUYKEVTPWOEIG €CavBpaKwudTwy Trapatnpenénkav oto B6dAauo kauong yia T1a
Kauolya 1TTooooTou peTatpoTig 38 kal 68% avtioToixa. Na 10 oxeddv kabBapd peBUAeoTEPQ
QuTEG oI evaTroBéoelig Oev ATaV OnUAVTIKEG. AUTA Ta BETIKA apxIKG euprjpaTa 6oov agopd Ta
XOPAKTNPIOTIKA AgIToupyiag. TIG evaTtoBEoeIg eEaVOPAKWPATWY KAl TIG EKTTOUTTEG PUTTWV £édwaoav
TO KiVNTPO yIa TNV TTPAYUATOTTIOINCN ONUAVTIKWY EPEUVNTIKWY TTPOCTTABEIWV Ta TEAEUTAIa Xpdvia
OXETIKA PE TN XPHon €0TEPWY AITTWV KAl QUTIKWY EAQiWV O€ KIVNTAPES VTICEA.

Aladikadia eoTepOTTOIiNONG

levika

O yevIKOG OpOG £0TEPOTTOINON XPNOIMOTIOIEITAI VIO VA TTEPIYPAWEI TNV CNPAVTIKY KAThyopia
OPYOQVIKWYV avTIOPAcEwY OTTOU €vag €0TEPAG METaoxnpaTtiCeTal o GANO péow TNG avTaAAayng
opddag aAkoguAiou. Otav o apxikGg eoTépag avmidpd pe pia aAkoOAn. n  dladikaoia
€0TEPOTTOINONG KOAEITAI «GAKOOAUGN» KaI TTPAYHOTOTTOIEITAI KATA TO YEVIKO KAVOVAQ:

Catalyst

RCOOR'+ R" OH —=2 > RCOOR" + R' OH (23)

2€ QUTAV TNV TTEPITITWON. 0 OPOG €0TEPOTTOINON €ival CUVWVUPN TG OAKOOAUCNG TWV
KapPBouAkwyv ecTépwv. H eaTepoTtToinon ival pia avTidpacon TTou KATaANYEl G€ IG0PPOTTIA KAl O
METAOXNMOTIONOG TTPAYUATOTIOIEITAI OUCIOOTIKA PE T HiEn Twv avTidpacTtnpiwv. EviouToig. n
TTapoucia evog KataAutn (ouvhBwg €va 1oxupd o&U 1 wia Bdaon) emrtaxUvel ApkeETa Tnv
dladikaoia. MNpokeipévou va auénbei n ammédoon NG avridpaong Kal ETTOPEVWG VA ETTITEUXOEI
UYNAA TTopaywyr Tou €0TéEPA. N OAKOOAN TTPETEl va eival og Tepicoeia. H duvarotnta
EQApPHUOYNG TNG dIadikaoiag TG €0TEPOTTOINONG Oev €ival TTEPIOPIOPEVN O EPYOCTNPIOKN
KAipaka. AIGQopeg OXETIKES Plounxavikég diadikaaieg xpnOIUOTIoIOUV auThy Tnv avTtidpacn va
TTapaxBouv ol dIaPOPETIKOI TUTTOI TTPOIOVTWV.

To BiovTifeA UTTOPEl VO TTAPOOKEUAOTEI O CUYKEKPIPEVEG TTOOOTNTEG | UTTOPEI N TTapaywyn
TOU va €Xel ouvexr por péow Tng diadikaciag Tng eatepoTtroinong [12]. Me auth Tng dladikaaia
£€vag €0TEPOG METATPETTETAI O€ €vav AAAO. H avTidpaon KataAueTal Jé€ow Tng avTidpaong &ite pe
€va ogu €iTe pe pia BAon Kal apopd avTidpaaon PE Mo AAKOOAN. n oTroia TUTTIKG gival n pebavoin
oTnNV TTEPITITWON TToU TO €mMOUPNTO TTPOIGV gival Kauaiyo PiovTiCeA. Mia aTTAr] avaTrapdoTaon
NG avTidpaong YE YPAUMOMOPIAKESG TTOGOTNTES eIkoviCeTal oTo ZxNua 1. Otrwc yiveralr ouvibwc.
£€vag Baoikdg KAataAuTng 0TTwg udpoéeidio Tou vaTpiou (NaOH) xpnoIyoTToIEiTal YIO TN METATPOTTH
TwV TPIYAUKEPIOIWY, Ta OTToia ouviaToUv Ta AT Kal Ta éAaia o€ PJEBUAECTEPEG TTou Oivouv
KaBapry YAUKEPOAN wg Trapatrpoidv. H oToixeiopetpia tng avridpaong Oivel Tnv akéAoubn
attAoTroinuévn avtidpaon:

Aimog M 'Elaro + 3 MebBavoin = 3 Mebvieotépa + I'hukepoin
1000 kg 107.5 kg 1004.5 kg 103 kg

O1 TTooéTNTEG TTOU TTAPOUCIAZOVTal GTNV TTAPATTAvVW £€icwan avagépovTal oTnV TTEPITITWON
NG TTAPOUG PETATPOTING TOU TPIYAUKEPIBIOU OoTEAPIKOU 0&£0c. H diadikaaoia cival TTOAU aTTAf: €
Bepuokpacia Aiyo mavw amd Tn Bepuokpacia dwpuatiou auti n avridpacn Tpoxwpd o€
petatpotry Tou 90-97% Trapoucia TTepicociag PeBAvOANg o€ XPovIKO dIACTNUA PIKPOTEPO TNG
MIag wpag. To evatroueivav UNIKO (3-10%) eivan yAukepOAn, povo/di/TpiyAukepidia Kal eAeUBepa
AiTTapd o&€a. Meydho péPOGg Twv EAEUBEPWY AITTAPWYV OEEWV PETATPETTOVTAI O€ GAAG VATPIOU TOU
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ANiTTapoU  o&éog kai vepd (oatmwvoTtroinon). Méxpr 5%kK.B. KataAlTn amaiteital yia Tnv
TTPAYUATOTTOINON TNG €0TEPOTIOINONG. 2TIG TIEPICOOTEPEG OIEPYATIEC PONG O KAUOTIKOG
KATaAUTNG eV €TTAVOKTATAI Kal avakukAwveTal. ‘ETol. véa TToodTnTa KAUCTIKOU KATOAUTN TTPETTE
ouvexwg va TTpooTifeTal. O KabBapIopdg ToU KAUGTIKOU KATAAUTN YiveTal e vePO PE aTTOTEAECUA
TNV KaTavaAwaon PeyAaAng moodtnTag vepoU yia TNV TTPAYUATOTTOINON AuTAG TNG O10dIKaCiag.
AvaTmTuén etepoyevoug KataAuTtn yia auth Tn diepyacia Ba peiwve onuavtikd 1o KOOTOG TNG
dladikaciag Kal 1o TEPIBAANOVTIKO KOOTOG. H yAuKEpOAN (TTapatTpoidv) gival oxeddv adidAuTn
OTO PIOVTICEA KQI OTO TTPWTOYEVEG QUTIKO EAaIo Kail £€T01 oxnuaTifel pia exwpioTh uypn edon. To
BlovTiCeN ptTOpEl va atraitei amooTagn yia TNV AamOPAKPUVOn TwvV IXVWV TPIYAuKepIdiwv. H
YAUKEPOAN uTTopEl va kaBapioBei atrd didpopa UTToAEigpaTa GAAWY ouCIWV e aTréoTaén o€
Kevl. H aiBavoAn i dAAeg aAkodAeg ptropei va xpnoipotroindei otn diadikagia eaTEPOTTOINONG.
AuTEG augdvouv Aiyo To KOOTOG TNG OANG diadikaaiag kal &ev avTi®pouv €UKOAQ PE TO AITTOG 1] JE
T0 éA0I0 OTTWG N HEBavOAN. BiovTileA ptropei va TTapackeuaoBei etriong atmd atrdépAnTa éAaia. Ol
Reed et al. [13] Tepiéypayav pia yEBodO yia TNV TTapaywyr €0TEPWY aTTd ATTORANTA YAYEIPIKA
¢Nala Ta OTToia  TTEPIEIXOV ONUAVTIKEG TTOOOTNTEG €AEUBEPWVY ANITTAPWY O&Ewv T  OTToIa
atmeAeuBepwBnKav Katd Tnv didpkeia Tou payeipépaTtog. H onuavtikh dla@opd o€ cUyKpIon PE TN
oupBaTik diadikaoia €0TepOTIOINONG €ival OTI EMTIPOCOETN TTOOOTNTA KAUOTIKOU KOTAAUTN
TIPETTEl VA TTPOOTEDEN yIa TNV OUDETEPOTTOINON TWV EAEUBEPWV NITTAPWV OLEWV PETATPETTOVTOG
TOUuG o€ GAaTa (OATTWVEG) TTPIV TNV €0TepoTToinoN. AuTd Ta dAata diaxwpifovTal atrd 10 PIovTiCeA
KATd TNV TEAIKN €KTTAUCH.

g B
R}/(??\O/T\H
Rz’s* ’T‘H + 3 H,C-OH
|
H
Aitrog iy ‘EAaio Ms8avoin
NaOH 1} O%0
Q
Rl’g 0 EH, 2
R2°570
I
,C\O,CH HO~-CH,
MeBuAegoTépag FAvKepOAn

ZXHMA 8. ATTAj avatrapdoTacn Tng avTidpaong eotepotroinong [Graboski]

Eaorepotroinon Airwv Kai eAdiwv

Katd tnv eotepotroinon Twv ANITTWV Kol eAdiwy éva TPIYAUKEPIDIO avTIdpd e dia aAKOOAN
TTapoudia evog 1oxupol 0&€og i MIaG BAong TTapdyovTag éva Hiyda aAKUAEOTEPWY AITTapWV
ogéwv Kkal TNG YAukepivng (BA. ZxApa 2). H yevikn diadikaocia eival pia akoAoubia Tpiwv
OI1000XIKWY KAl QVTICTPEWINWY avTIOPACEWY OTIG OTToIEC TA OIYAUKEPIOIA KAl OVOYAUKEPIDIO
oxnuaTi¢ovral oav evdldueoa TTPoidvTa.
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EXTEPOIIOIHXEH AITITAION

H,C-OCOR' ROCOR' H,C-OH
) Kotalvmg + |
HC-OCOR" + 3ROM —— ROCOR"  + HC-OH
| - I
H:C_OCOR“I ROCOR"' H:C_OH
. - Miypa
Tpyhvkepidio AkooAn Alvleotépmy Thvkepivn

ZXHMA 9. AvTidpaaon eoTepoTToinaNG TPIYAUKEPIDIOU UE GAKOOAN

H oToixelopeTpia ¢ avtidpaong amaitei 1 ypauypopdplo TpiyAukepidiou kai 3 ypauuoudpia
aAkodAng. EvrouTtoig xpnoiyoTrolcital Trepicoeia aAkodANng yia va auénoel tnv ammédoon yia va
EMTPEWPEI TO dIAXWPIOYO atrd TNV YAUKeEpiv TTou oxnuaTigetal. Aidpopol  TTapAayovTEG.
oupTrepIAapBavopévou Tou TUTTOU KATOAUTN (0AKaAIKOU A 6&Ivou). TnG POPIaKAG avaAoyiag
QUTIKOU €Adiou- aAkoOANG. TG Bepuokpaaia. Tng KaBapdtnTag Twv avTidpaoTnpiwy (KUpiwg n
TTEPIEKTIKOTNTA O€ UOWP) KAl TNG TTEPIEKTIKOTNTAG O€ eAeUBepa AiItTapd o&Ea €xouv pia eTmidpacn
oTnVv Topeia TG €0TepOTTOiNONG KAl Ba avaAuBouv TTapakdTw. avaloya PE Tov TUTIO TOU
KaTaAUTN TTOU XPNOIWOTTOIEITAI.

Aiadikaoia 6éivng kardAuong

H diadikaoia Tng eoTepotroinong kataAuetal amd o&éa katé Bronsted kartd rpoTtiunon atéd
OOUAQOVIKO Kal Benkd ofu. Autoi o1 KataAuTeg Oivouv TTOAU uwnAég atmodooels aAAd ol
avTIdpdoelg gival apyEéG amTaITwvTag Bepuokpacieg emavw atrd 100°C Kal TePIoTOTEPO XPOVO
amdé 3 wpeS yia va eBdcouv oe TTANpPn upetaTpotm. ‘Exel amodeixbei 611 n pebBavoiuon Tou
ooylehaiou Trapoucia 1 mol% H,SO, pe popioki avaloyia eAaiou-aAkooAng 1:30 oe 65°C,
Traipvel 50 wpeg yia va @BAcel oTnv TTAAPN PETATPOTIH TOU QUTIKOU eAaiou (> 99%) evw n
BoutavoAuon (oe 117°C) kar n aiBavoAuon (oe 78°C) TTOU XPNOIYOTTOIOUV TIG iBIEG TTOOATNTEG
KataAUuTn Kalr aAkodAng, dlapkouv 3 kai 18 wpeg avrtioToixa. H popiakh avaloyia eAaiou-
aAKOOANG gival évag atrd Toug KUPIoUG TTapdyovTeg TTou €TTNPEAdel Tn eoTepoTroinon. Mepicoeia
0aAKOOANG €UvOEi TOV OXNUOTIONO Twv TTPOIOVTWY. A~ €Tépou UTTEPBOAIKA TTOGOTNTA AAKOOANG
KaBioTd Tnv TTapaAapr Tng YAUKEPiIVNG SUOKOAN £T01 WOTE N 10aVIKr avaloyia eAaiou- aAKOOANG
TpéTTel va kaBopioTei eutrelpika e€eTdlovTag KaBe diadikaoia xwplotd. O unxavioudg tng
€O0TEPOTIOINONG TWV QUTIKWY €Adiwv  PE  KATOAUTN 0EU  TTAPOUCIAdETal  TTOPAKATW  YIA
MovoyAukepidia. Evtoutolig uptmopei va emmekTabei yia O1- kol TpiyAukepidia. 210 Zxnua 3
atrodideTal axnuatikd n diadikagia 6€ivng kKatdAuong.

H trpwrtoviwon Tou KapBovuliou Tou eoTépa odnyei oTo kKapBokaTiov Il TTou PeTd aTTd MIa
TTUPNVOPIAN TTPOCROAN TNG AAKOOANG TTapdyel Tnv TeTpaedpikn evdidueon popen i, n otoia
ammofdAAel Tn yAukepivn yia va dlapopwaoel Tov véo €oTépa IV, Kal va avarmapaydyel Tov
KataAuTn H+. Z0pgwva e autév Tov punxavioud PImopouv va oxXnPOTIoTouV KapBofUuAika oféa
ammé TNV avtidpaon Tou kapBokaTmiévrog Il ye Tnv TTapoudia vepol OTO Miypa TnNG avtidpaong.
AuTO TTPoUTTOBETEl OTI N EGTEPOTTOINGN ME OEIVN KATAAUCN TTPETTEl va TTPAYMOTOTTIOINBEI aTTouCia
UBOTOG. TTPOKEIUEVOU VA ATTOPEUXOEi 0 avTaywVIOTIKOG OXNUATIOUOG TwV KAPPBOEUAIKWY 0&EwWV
TTOU MEIWVOUV TNV TTAPAYywWYr TOU GAKUAECTEPQ.
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IXHMA 10. ZxnuaTIKA atrelkovion Tng diadikaaoiag 6&ivng KatadAuong

Aiadikaoia Baciki¢ kardAuong

H avtidpaon Tng eoTepoTroinong Twv QUTIKWY €Adiwv Je KATOAUTR Bdon TTpoxwped
ypnyopdtepa atrd TNV avtiotoixn ME KATAAUTN ogU. MNa autd 10 Adyo. padi pe 1o yeyovog Ot ol
aAKaAIKoi KaTaAuTeg gival AiyoTepo d1aBpwTikEG ouaieg aTTd TOug OEIVOUG O€ BIOUNXAVIKT KAIJaKO
TIPOTINOUV CUVABWG TOug PacikoUg KATAAUTEG OTTWG Ta OAKOEEIDIO Kal Ta UudPO&EIdIa Twv
oAkaAiwv kKaBwg €mmiong kal Ta avlpakikd aAata vartpiou 1 kaAiou. O unxaviouodg Tng
£0TEPOTTOINONG TWV QUTIKWY EAAiWV UE KATOAUTN BACN TTAPOUCIAgeTal OTO ZXAHa 4.

Katd 10 mpwTto otddio (eiowon 1) avndopd n Bdon B pe tnv aAkoOAn Trapdyovtag
aAkogeidlo Kal TTpwTovIouévo KATOAUTN. H Trupnvo@iAn T1pooBoArl Tou aAkoeldiou oTO
KapPBovuAio Tou TpiyAukepidiou TTapdyel éva TeTpacdpikd evdidueoo (e€iowaon 2) atmd 1o OTToio
oxnuati¢ovtal 0 OAKUAEOTEPOG Kol TO avTioToixo avidv Tou diyAukepidiou (e€iowon 3). To
TeEAeUTAiO aQaipei TO TTPWTAOVIO aTTd Tov KATOAUTH. avaTTapdyovTag KOTE CUVETTEID T dPACTIKA
ouoTaTika (e€iowon 4) TTou gival Twpa IKavda va avTiOPAcouv e €va OeUTEPO POPIO OGAKOOANG
apyifovtag évav GAAO KOTAAUTIKO KUKAO. AlyAukepidia Kal JOVOYAUKEPISIQ PETATPETTOVTAI E TOV
i010 unxaviouod o€ éva Piypa aAKUAEOTEPWYV Kal YAUKEPIVNG. Ta aAkogeidia Twv aAkaAiwy ( OTTwg
10 CH3ONa yia v peBavéAuon) eivalr ol 1o dpacTIKoi KATAAUTEG. agou Sivouv uwnAég
atrodooelg (>98%) pe PIKpoug Xpovoug avtidpaong (30 min) akdépa ki av epapudlovTal o€
XOUNAEG poplakég ouykevipwoelg (0.5 mol%) . EvTouTolg. amaitouv Tnv atmmoucia UdaTog TTou
TOUG KaBIoTA akaTGAANAOUG yia TIG XAPAKTNPIOTIKES Blounxavikég diadikaaieg. Ta udpoteidia Twv
aAkaAiwv (KOH kai NaOH) civar @mnvoTtepa atmd 1a avtioTolxa oAKo&eidia. aAAd AyoTEpPO
OpaoTIKA. EvTouToIg. €ival pia KOAR eVOAAOKTIKA AUon dedopévou OTI UTTOpoUV va dWOOoUV TIG
i01EC UWPNAEG PETATPOTTEG TWV QUTIKWY EAQiWV PE TNV aUENon TNG OUYKEVTPWONG KATAAUTWY o€ 1
N 2 mol%. EvtouToig. akdpa K av xpnolpoTtroindei éva avudpo piypa aAkodAng-eAaiou. kdtrola
TTO0OTNTA VEPOU TTAPAYETAI OTO CUCTNUA ATTO TNV avTidpaon Tou udpo&eldiou e TNV AAKOOAN. H
TTapoucia UdaTog TTPOKAAEl TNV udpOAuUCH MIag TTooATNTOG ATTO TOV TTAPAXBEVTA E0TEPA UE TOV
ETTAKOAOUBO OXNUOTIONO CaTtrouviwy. AUTH N avemluunTn OATTWVOTIOINCN HEIWVEL TNV
TTapaywyr €0Tépa Kal BUOKOAEUElI apKeTd TNV TTapaAafn TNG yYAukepivng Adyw Tou oXnUaTIouOU
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YOAOKTWHATWY. To avBpakikd GAag KaAiou. TTOU XENOIUOTIOIEITAI O€ HIa OuyKévipwon 2 i 3
mol% O&ivel uynAn TTapaywyr] TwV OAKUAEOTEPWY KAl PEIWVEI TO oXnUaTioyd oatrouviou. Auto
pTTOPEl Vva €gnynBei atmd Tov oxnuaTiono Tou dITTavlpaKkikou AAATOg avTi Tou UdATOG. TO OTTOI0

Oev UDPOAUEI TOUG EOTEPEG.

ROH + B

R'COO—CHz

=—= RO + BH' (1)

S R'COO—CHa
R'COO—CH [/ +  OR =" Ricoo—CH  OR
HaC—OCR™ HoC—O—C—R™
0 o
R'COO—CHp RCOO-CH,
R'COO—CH QR ~ R'COO-CH + ROOCR™ (3
HoC 9 Q"*: R™ Hzé o
0
R'COO—CHa R'COO—CHy
R'COO—CH + BH' = R"COO-CH + B (4)
HoC—OF HoC—0OH

ZXHMA 11. ZxnuaTikA ateikévion Tng diadikaaiag Badikng KatdAuong

KardAuon ue Airaon

NAOyw NG d1a8€0IudTNTAG TOUG KAl TNG EUKOAIAG PE TNV OTToia JTTOPOUV va AVTIMETWTTIOTOUV.
Ta UDPOAUTIKA £€vCupa €XOUV EQAPUOCTEI EUPEWG OTNV Opyavikry ouvBeon. Aev atrairouv
oTroladnTToTe ouvévCupa. gival eUAoya oTaBePd. Kal avEXOVTal OCUXVA TOUG OpyaviKoUg OIaAUTEG.
H &uvardtntd Toug yia OTEPEOEKAEKTIK oUvOeon Kal €10IKA EVAVTIOEKAEKTIKA oUvOeon
OUYKEKPIUEVOU EVAVTIONEPOUC TOUG KAVEI TTOAUTIMA epyaAcia. Av Kal n d1adikaoia E0TEPOTTOINONG
TTOU KATOAUETal OTTd €vqupa Oev eQapUOCeTal akOUO ePTTOPIKG. vEa amroTeAéopaTa €XOUV
avaepBei oe TpdopaTa Apbpa kal TTaTévreg. O1 KOIVEG TITUXEG QUTWY TWV PEAETWYV ouvioTavTal
oTn BeATIOTOTTOINON TWV OpWV avTidpaong (dIOAUTNG, Beppokpaaia, pH, TUTTOG UIKPOOPYavIoUOU
TTOU TTapPAayel To EvCUMO K.ATT.) TTPOKEINEVOU va KaBopioToUv Ta KATAAANAG XapaKTNPIOTIKG yia
Blounxavikn epapuoyn. EvrouTolg. ol amodooeig TG avridpaocng Kabwg €TTiong Kai ol Xpovol
avTidpaong €ival akOPa SUOUEVEIG EvavTl TwV KATAAUPEVWY aTTd BAon avTIOpAoewy.

Mn 1ovrtikh Baoikn karGAuon

Mpokeigévou va €QapuooToUV NTTIOTEPOI OPOI AVTIOPACNG Kal yia va atTrAotroinBouv ol
XEIPIOMOI. £vag PeyGAog apiBudg opyavikwy BAcewv £xel avaTrTuXBei kal £xel XpnoipoTToindei wg
KatoAUTNG 1 avmidpacThpio yia TIG Opyavikég ouvBéoelg. Metaél autwv Twv Pdoewv
XPNOIUOTTOIOUVTAl OUXVA:
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o Apivec 6TTwG: TpieBUAauivn, TTepIdivn, 1.2.2.6.6-revrauéOulommitrepidivn, mpIdivn, 2.6-
oI-TpitoTayng-BoutiAoTipIdivn Kai 4-diueBulo-apivoTripidivn (DMAP).

e Apidiveg oOmwg: 1.8-810CadikukAo[5.4.0]evdeka-7-evio(DBU) and 1.5- diafadikukAo
[4.3.0]evea-5-évio (DBN).

e [ouavidiveg Omwg: 1.5.7- TpiafadikukAho  [4.4.0]6éka-5-évio  (TBD), 1.1.3.3-
TeTpapeBuloyouavidivn (TMG), 1.1.2.3.3-mreviaBouTtuhoyouavidivn  (PBG), 1.3-
dlpaivuloyouavidivn, 1.2.3-Tpi@aivuloyouavidivn Kal GUIVO- KAl VITPOYOUQVIDIVEG.

e  Tplauivo(IHIvo)Qwo@opavia OTTWG  TPITOTAYEG-BOUTUAIMIVO-2-81EBUAauIVO-1.3-81ueBUAO-
TeEPUdPO-1.3.2- dlalapwoopdvio (BEMP) kai TpI(diueBUAapiIvo)ueBUAINIVOQWaPOpavIo
(Me7P).

H dpacTikéTnTa Kal n amodoTIKOTATA TETOIWV N IOVTIKWY BACcEwv wg KATaAUTEG OTNn
€O0TEPOTIOINCN TWV QUTIKWY €AAiWV MEAETAONKOV OPKETA. Z€ MIO TTPWTN OEIPA MEAETWV N
KataAuTIKfy SpacTnEIdTATA PEPIKWY YOuavIdIVWV OUYKPIONKE YE AQUTAV TTOU TTapaTtnpEnBnke ammo
™ Xpnoigotroinon AAwv Bdacewv ommwg ol ouidiveg DBU ko DBN. kai T1a
TpIapivo(idivo)pwaogopdvia BEMP ko Me7P. Tapatnprinke om n TBD aképa ki av
xpnoipotroinBei katd pévo 1 mol%. mapdyel mepioodTEPo a0 90% Twv PEBUAEOTEPWY META
amdé 1 wpa. XpnolyotroiwvTag TIG AAAeG BAoelg uTTd TIG iDIEG TTEIPANATIKEG OUVOAKES. Ol
TTapaywyry v Atav uwnAotepn amd 66%. e pia OeUTEPN OEIPA PEAETWV N KATAAUTIKA
opaocTnpIdTNTa TNG TBD OCUuyKpiBnKe PE AUTHAV TTOU TTAPATNEEITAI VIO TOUG XOPOKTNPIOTIKOUG
BiounxavikoUg kataAuTeg (1.X. NaOH kai K,COs3). O1 atmoddoeig TG avTidpaong He KATaAuTn
TBD nATav kovtd oe¢ ekeiveg tTou trapatneridnkav pe NaOH kail dev trapatnprdnke kavéva
aveTOUUNTO UTTOTTPOIOV OTTWG Ta caTrouvia (TTou oxnuaTtifovTal €UKoAa 6Tav XpnaolyoTrololval
Ta UBPOEEIdIa TWV aAKaAiwv). OTav cuykpiveTal Ye To avBpakikd dAag kahiou n TBD ATav mavTa
MO €VEPYH. AKOUN KAl OTIC XAMNAEG HOPIAKEG OUuykevTpwoelg. Av kal n TBD eival Aiyotepo
evepyn atrd 10 peBogeidio Tou varpiou (Movo 0.5% CH;ONa trapdyel reploodtepo atmo 98% Twv
MeBUAeoTéEpwyY peTd atrd 30 min), n xprion ¢ dev amaitei OTToIEGONTTOTE €10IKEG OUVONKEG.
NAoéyw Tng dpiotng amodoong TG TBD oTn €0TepoTtoinon Twv QUTIKWY €AAiwv £peuviOnke
€Tmiong N KATaAuTIKA dpacTnpidoTnTa AGAAwv aAKuAoyouavidIiviv TTPOKEIMEVOU va  yivouv
KatavonToi OAWV Ol TTAPAYOVTEG TTOU PTTOPOUV vda €MIOPACOUV OTIG KATOAUTIKEG 1810TNTEG TOUG.
Ze Mia TpiTn ocIpd PEAETWV N KATOAUTIKA SpacTnpidtnTa Sid@opwy OGAKUAOYOUQVIOIVWY OF
ouykpion pe TRV TBD n teAeutaia Atav mmavta 10 MO evepyr. Opwg ol 1.3-8IKUKAOEEUA-2-n-
okTUAyouavidivn  (DCOG), 1.1.2.3.3-mevrapeBuioyouavidivn  (PMG),  7-puegburo-1.5.7-
Tp1afadikukAo[4.4.0]6eka-5-"evio  (MTBD) and 1.2.3-tpikukAoguAyouavidivn (TCG) eTmiong
TTapouciacav KoAf KataAuTikfy dpaon. H oeipd dpacTikdtnTag Twv KataAutwv TBD> TCG>
DCOG> MTBD> PMG avTioTOIXEi GTN OXETIKA Baoikr 10x0 TOUG. n otroia aufdveral atrd Toug
OOMIKOUG TTapdyovTeg OTTwG 0 apiBudg Kal 0 TUTTOG TWV UTTOKATACTOTWY KAl N KUKAIKF 1 JNn
KUKAIK aAucida. Ta atroTeAéouaTa TTou €mMITEUXBNKAV KATG TN €0TEPOTTOINCN TOU EAdiou oOyIag
ME TN pEBavOAn Seixvouv 6T n 1.2.3.4.5-meviakukAoeEuAdiyouavidivn (PCBG) cival akéua 1o
evepyn amo 1n TCG dedopévou 611 TTapaywyr 82% Twv pebBuAeoTépwy Aaupaveral ye PCBG
META atrd 1 wpa évavTi 69% pe TCG utrd TIG idIEG OUVORKEG.

OIKOVOMIKA OTOIXEIO TTAPACKEUNG BIOVTICEA

To apxiké kb6oTog TOou BIOVTICEA €ival TO KOOTOG TNG TTPWTNG UANG OnAadr Twv eAdiwv.
Atraitouvtal Trepitrou 3.5 kg coyiéAaiou yia Tnv TTapaywyn 4 It BlovtiCeA. H TiuR Tou coyiéAaiou
TToIKIAAEl €UPEWG aAAG Ta TeAeuTaia Xpovia (1999-2003) kupaivetal petagy 0.15$ kai 0.25%/Ib.
AuTO onpaiver 61 To KOOTOG TNG TTPWTNG UANG Ba cival petafu 0.24€ kai 0.4€/lt. O1 TepIcOOTEPES
EKTIUACEIC TWV datravwy Trapaywyng BiovTileA sival 0.20$ €éwg 0.50$ avd yaAdvi. pe TIG JeYAAES
EYKATAOTACEIC OTO XAUNAG 6pio TnNG diakUuavong Kal TIG WIKPEG EYKATAOTACEIG OTO uywnAd. H
aia KATaoKEUNG VEWV eyKATAOTACEWY Yia TTapaywyn BlovtideA cival repitrou 1.00$ avd yaAdvi
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yla €TAoIa TTapaywyr. ETTopévwg oTig TTapatrdvw TIMEG TTPOCTIBETAI TO KOOTOG TTAPAYWYAS Kal
amoofeong eykaraotdoewv amd 0.27€/It wg 0.33€/t. 'Eva amdé T1a mapampoiévia Tng
dladikaoiag Tng €o0TEpPOTTOINONG €ival N yAukepivn TTou pTTopel va €xel uwnAn aéia edv
kaBapiletal. H agia Tng yAukepivng akupwvel ouolacTiKG TO KOOGTOG TNG GAKOOANG Kal Tou
KataAuTtn. H iy NG yAukepivng cival authv Tnv TTepiodo oTaBepr] aAAd €dv avatTuxBei uia
MeEYAAn ayopd yia To BiovTiCeA. eivar mBavd va umtapel TTAedvacua Tng YAuKepivng Kai
ETTONEVWG TTOAU XAPNASTEPES TINEG. H TR TTWANONG Tou BlovTiCeA TTPETTEI va gival UWPnASTEPN
at1é 10 KOOTOG TNG TTPWTNG UANG WOTE va KAAUQDBEI n eTTeEepyaania. n cuokeuaaoia. n JeTagopd. n
dlavoun kal To KEPDOG. ZTI¢ H.I.A TTapéxovTtal €mMOOTACEIS OTOUG TTapaywyougs BIOVTiCEA HEow
Tou uTroupyeiou Mewpyiag. ‘Exel e€ao@alioTei yI” autd 10 oKoTTd €TACIO KOVOUAIO Uywoug 150
eKaToppuUpiwy doAapiwv wg 10 2006. H emdAdTNON KaAUTITEl TO 40% TOU KOOTOUG TNG OOYIAG A
GAwvV eAalo@dpwy OTTOPWY £pOCcoV TTpoopifovTal yia TTapaywyr BlovTtiCeA. EiBIKG yia mnv
TEPITITWON TNG OOYIAg TO TTOOOOTO KAAUWNG AUEAVETAI TTEPIOCCOTEPO KABOOOV O TTapaywYyOg
MTTOpEl va euTropeuTel To aAgUpl TNG odylag (soyia meal) TTou atroTeAel TTaPATTPOIOV TNG
e€aywyng Tou eAaiou atd TOUG KOPTTOUG TNG OOyIag. ATO 1o idlo TTpOypaPPa ETTIOOTOUVTAI
€TTIONG .JE MIKPOTEPO OPWG TTOCOOTO. TA AVAKUKAWPEVA CWIKA AITTN A T XenoIJoTToINuéva EAaia
TwWv goTiatopiwv. ZTnv Eupwtn 10 KOOTOG Trapaywyns Bpioketar ota idia emimeda . MNa
Tapddeiyua otn FaAAia givar 0.35€/It. H EupwTraikr) ‘Evwon 1Tpog 10 TTapdv péow g Koivrg
AypoTikig MoAmkng (CAP) utrooTtnpilel Tnv TTapaywyr PIOKAUGIMwWY Kol ETTITPETTEI OTA KPATN
MEAN va avaTrTuouv uvoikn @opoAoyikA TTOMITIKA yia Tnv diddoon Toug. H Mepuavia epapuddel
TNV EUVOIKOTEPN POPOAOYIKH TTOAITIK YIQ TO BIOVTICEA Y peiwon @épwv TTou Tavel Ta 470€/m?
ME aTToTEAECUA N TIMA TOU BIOVTICEN va @TAVEI OTOV KATAVOAWTA OE TIUEG KOAUTEPEG ATTO TOU
VTiCeEA TTETPEAQiOU.

TIMEL BIONTIZEA KAI NTIZEA HETPEAAIOY ITH FEPMANIA ZE DEMLT
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Mayyinternational Energy Agency The Development of Biodiesel in Germany

ZXHMA 12. Tiuég BiovTiCeA kai vTiCeA oTn MNepuavia katd Tnv mepiodo louviog 1999 — Atrpidiog 2001
[Source: International Energy Agency: The Development of Biodiesel in Germany]

H uywnAn TignR Tou BlovTideA cival TO oNUAVTIKOTEPO €UTTOBIO 0TV AvATITUEN ayopdg OTIG
H.M.A. H mTAéov eATIdO@OPOG TTPOCEYYION YIa Tn PEIWON TNG TIMAG €ival n XPnoIYoTToinon o
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@TNVAG TTPWTNG UANG. @a utropoloav yia TTapadelypa va XpNnoihoTroin8olv ol TToeOTNTEG TNG
XOAaopévng ooyiag, To (wikd AiTTog Tou Bodivou Kal XoIpIvoUu KPEQTOG, TO TNYavIOUEVO AITTOG
€0TIATOPIWV (KITPIVO AITTOG) KAl TO UTTOTTPOIOVTA atrd AAAEG dIadIKACiEG. ™ AUTH TNV TTEPITITWON
OUWG UTTEICEPYETAI TO TTPOPRANUA TNG GUAAOYAG Kal TNG OMOIOYEVEIAG TNG TTPWTNG UANG OTTWG Kal
TOU peYEBOUG Twv ATTOBEUATWY TTOU KABIoTOUV Tn dIadIKagia €TTIKOUPIKA TTOU HEIWVEN Aiyo TO
KOOTOG.

Evpwrraikn mpoortrTikn yia 10 BIovTifeA

2tnv EupwTraikr ‘Evwon apdyetal BiovTifeA o€ Blounxaviki KAigaka amo 1o 1992, ZnAuepa
yia v trapaywyr BlovtiCeh kaAAigpyouvTal trepitrou 1.400.000 ekTdpia yng Kal UTTApXOUV
mepimou 40 eykataotdaocelg mou Trapdayouv 1.350.000 Tévoug BiovtiCeAh €Tnoiwg. AuTég ol
eykaTaoTdoelg Bpiokovral Kupiwg otn Mepuavia, tnv Italia, Tnv AuoTpia, TN FoAAia kar T
Zoundia. OeoTTioTNKE CUYKEKPIYEVN VoUoBeaia yia va TTpowBRoel Kal va pubuicel Tn xprion Tou
BiovTigeA (Odnyia 203/30/EK, 8/5/2003) kai e@appoletal ota KPATn PEAN. ETmiong ekdoOnke
odnyia 1Tou kaBopilel Tig TTPodiaypaPEg yia To BiovTileA (DIN EN 14214, BAETTE OXETIKO TTivOKQ).

MINAKAZ 5. EupwTraikn Tapaywyn BlovTi¢eA katd xwpa [Source: European Biodiesel Board]

Xwpa 2002(kt) 2003(kt) ‘ 2004(kt)
(ExTipnon)

epuavia 450 715 1088
"aAAia 366 357 502
ITaAia 210 273 419
AuoTpia 25 32 100
Aavia 10 41 44
loTravia 0 6 70
Hv. BagiAeio 3 9 15
2oundia 1 1 8
ZYNOAO 1065 1434 2246

ZUpowva pe v Odnyia 203/30/EK 8/5/2003 tou EupwTraikou KoivoBouliou oto dpbpo 3
TOTTOBETOUVTAI OTOXOI OTA KPATN MEAN woTe TO £10¢ 2005 n KatavAAwaon BloKauaipwy va givai
Kat” eAaxioto 2% TNG OUVOAIKNG TTOOOTNTAG TWV KAUCIMWY TTOU XPNOIMOTIoIoUVTal OTIG
METOPOPEG Kal TTPOODEUTIKA va TTITEUXOEI 0 aTOXOG TOU 5.75% 10 €T10G 2010.

MINAKAZ 6. >x¢010 Tng EupwTraikAg ETTITPOTIG yia TNV TTapaywyr Blokauciywy otnv Eupwraikn
‘Evwon [Source: EU-Commission (KOM (2001) 547 fin.)]

‘ETog/EAG)IOTO MNocooT1éd  KatavadAwon Bevlivng  KartavaAwaon NT1ifeA  ZUvoAo

2005/2.00% 2341 2532 4873
2006/2.75% 3219 3482 6701
2007/3.50% 4096 4431 8527
2008/4.25% 4974 5381 10355
2009/5.00% 5852 6331 12183
2010/5.75% 6730 7280 14010

OAeg o1 eyypagég og 1000 t. - Baon: KatavaAwaon kaugiywy 1998
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OikovouiKn a§loAGynon TUTTIKAG povadag Trapaywyng BIovTifeA

MNa wia TUTKhA eykatdoTaon mmapaywyng BiovTileA To KOOTOG KEQAAQIOU TNG EYKATECTNMEVNG
Hovadag oupTtTepIAaUPBaVOPEVOU TOU KOOTOUG AvATITUENG, TOU KOOTOUG OIa@Opwy Tuxdiwv
YEYOVOTWY Kal GAAWV TUNPATWY JTTopEi va gival TG Tagng $1-2 avd etioio yaAdvi. To kO6GTOG
TTapaywyng Tou BiovTifeA kabopiletal atmd To KOOTOG ayopds TNG TTPWTNG UANG (AITTog 1} éAaio).
AuTo @aiveTal Aueca OTO TTAPAdEIYUA OIKOVOMIKAG a&loAdynong TTou akoAoubei. Ze autd Tov
uttoAoyiopud pia eykardotaon Trapaywyns 10 ekar. yohoviwv BiovTiCeA To Xpdvo Bewpoupe 6T
éxel k6oT1og $2 avd €010 yahdvi Bewpouue o1 atraiteital 20% ammdédoon Tng mévOUONG Kal TO
épyo cival  TTAApwWG  XpnuaTodoToUpevo. To  KOOTOG KATOOKEUNG KOl EYyKATAOTAONG
oupTTEPIAaUBAvEl TNV BaACIKN eyKaTeoTNPEVN Povada, To KOOTOG £TTITOKIOU KaTd Tn SIdpKEIQ TNG
KATAOKEUNG, KOOTN ATTAG avdaTTuéng O0Tmwg adeieg, auvaywn cupBoAaiwv ayopdg kal TTwAnong
TTPWTWVY UAWV Kal TTPOIOVTOG, KOOTOG pyacdiag Kal KAAuwn KIivoUuvwy £pyou. @cwpoupe dEKAETA
dldpKeIa AsiIToupyiag TnG eykaTtdoTaong Kal armagiwon tng emévduong. Me @bpo €100dPaTOg
35% 10 akaBdpioTo €1060NUa TNG eykatdoTaong Tpémel va eival $2.6 ekar. woTe va
IKQVOTTOIEITAI N aTraiTnon yia Tnv amodoon Tng €mévduong. Ta Asitoupylkd £6oda eEapTwvTal
amoé TNV gutTalpia TG XNMIKAG Brounxaviag [14]. Ta cuvoAikd Asitoupyikd €6oda gival TNG TAENG
Twv $2.8 ekat. O1 Withers ka1 Noordam [15] avépepav éva k6aTog TnS TA¢NS Twv $0.9 ekar. yia
MIa eykaTaoTAoN WETATPOTIAG Adiou KPAUPBNG o€ BiovTifeA e duvaTdTnTa TTApPAywyng 2.7 €Kar.
yoAoviwv ava €1o¢. To KOOTOG auTd €ival 0€ CUPQWVIa JE TO KOOTOG TTou uTToAoyioBnke €dw. O
Mivakag 4 deixvel 0TI TO HEYAAUTEPO KOOTOG TNG YPAUUAS TTAPAYWYNAS €ival TO KOOTOG TOU €Adiou
ME TO oTToio Tpo@odoTeiTal n povada To oTroio ival ico pe $17.9 ekar. 6tav uttoAoyileTal yia
$0.25 ava pound ooyiehaiou. H eykatdotaon BOewpeital 611 TapAyel UWPNAAS TTOIOTNTOG
YAUKEPOAN. To TTapatrpoidv YAUKEPOANG TTou KooToAoyeital ota $7.50 avd yaAovi divel 100dnua
TO OTTOIO €ival TTEPITTOU i0O0 PE TO ABPOICHA PE TNV OTTAITOUHEVN aTTOdOO0N £TTEVOUCNG KAl TA
Aeiroupyiké kooTn. ‘ETol To K6OTOG Tou €Aaiou Tpogodoaiag Tng eykardotaong Ba TpéTrel va
QvOKTATAl TTANPWG aTTd TIG TTWAROEIG BiovTiCeA. H Tiu TTwANoNG Tou BlovTiCeA cival €101 KOVTA
oTn TIMA ayopds Tou €Aaiou Tpo@odoaiag. AIAQOPETIKA KOOTN €yKATAOTAONG. UTTOBECEIg
XPNUATodoTNONG Kal AsIToupyikd oevapia Ba odnyouoav TTIBavwe o€ dIAQoPETIKA atToTEAEoUATA
aAAG dev Ba dAAalav To yeviké cuuTépacpua. MNa Tapddeyua. Ba pmmopouce va yivel EvoTtaon
OXETIKA PE TO YEYOVOG TA KOOTN £pyaciag gival TToOAU uwnAd. AQou To KOOTOG £pyaoiag cival éva
MIKPO TUAPO TOU GUVOAIKOU KOOTOUG TTapaywyng. n mapadoxn o1 dev augdvovTal Ol avaykeg o€
£PYATIKO OUVOUIKO YIA ONUAVTIKA PHEYOAUTEPEG EYKOTAOTACEIG £XEI APEANTED £TTIOpOCN OTNV TIUNA
TTWANONG Tou BIOVTICeA.

To ZXHMA 6 mapoucialel éva diaypauua euaiobnoiag yia TIG TEPITITWOEIS ME
XOUNAOTEPQ KOOTN €YKATAOTAONG KOl WETARBANTEG TIMEG YAUKEPOANG WG ouvdpTNON TNG TIPAG TOU
ehaiou Tpoodoaiag. EikovidovTal TpEiG dIOPOPETIKEG TTEPITITWOEIS TPOPodoaiag ue EAalo. AUTEC
gival n xprion ooylieAaiou 1 AAAWVY QUTIKWY eAdiwyv, n xprion {wikoU AITToug Kal EUTTOPEUCIOU
AgukoU Aittoug (commodity white grease — CWG) kai n xprion améBAnTtou Kitpivou Aitroug. To
AgUKO AiTTOG €ival éva UNIKO TOu OTToiou N euTTOpia YiveTal JEow OQOUEVWV TTPOdIAYPAPWY TTOU
£xouv dlapopwdei atrd Tn camwvofiounxavia. To KiTpivo AiTTog e€ival Kupiwg AITTog TTou €XEl
XpPnoigotroinBei o€ eomiatépia Kal Aeukd AiTTog ekTdG TTpodiaypa@wy. H Eikéva 3 deixvel 611 TO
KiTpIvO AITTOG €ival n Mo cupgépouca €mmAoyn yia €Aaio TPOo@odOOiag Ot€ €yKATAOTAOEIG
TTapaywyng BiovTigeA. Eival To povadikéd éAaio Tpogodoaiag ikavo yia TTapaywyn BlovTigeA TTou
MTTOPEl va avtaywvioTei 1o vTiCeA No.2. AQoU n Blopnxavia eTavakTnong KatavaAwvel Tn PEPIda
TOU AEOVTOG TOU KiTPIVOU AITTOUG, N XPNOIYOTToinan Tou yia Trapaywyn BlovTigeA Ba aveBdaoel TIg
TIMEG TOU KiTPIVOU AITTOUG.

AuoTUXWG UTTAPXEl €NAXIOTN TTANPOPOPNOCN OXETIKA HE TIG IOIOTNTEG KAl T XPAon Tou
BiovTiCeA TTOU TTapdyeTal atmd KiTpivo AiTTog. O1 €0TEPEG Twv OTToIWV OuvARBwWG dlgpeuvdral n
XpPnon kai o1 1I910TNTEG gival 0 PeBUAeOTEPEG ooyieAaiou Kal KpaupBeAaiou. To coyiéAalo gival TO
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KUPIO QUTIKO €Aaio TTou XpnoldoTrolgital yia trapaywyr Blovtideh otig HIA. AvtiBeta otnv

Eupwtn xpnoipoTroigital To KpapBEAalo yia TTapaywyn BiovTiCeA.

MINAKAZ 7. OikovouIkr) a&loAdynon TUTTIKNAG HovAadag TTapaywyng BIOVTICeA.
Baon: 10 MM gal/étog

KéoTtog Ava Karnyopia

EtAoio MNooé

TiyA Movadag

EtAo10 ZuvoAiké

KoéoTog

KooTog Eykardotaong 10 £€Tn 2 $ per annual gal 20.000.000 $
KooTtog Epyaaiag 20 $/hr 12 guvoAIKG 449.200 $
evikd ‘E€oda 50 % 249.600 $
MeBavoAn 1.667 MM gal 0.75% avd yahovi 875.250 $
KauoTikii Ouaoia 35.8 T1OVOUg 400% ava 1évo 14.320 $
Evépyeia 100 KW 0.073% ava KWh 56.000 $
ATUOC 0.25 MM Btu/hr 5 $/MM 10.000 $
Nepod 1 gal/gal 5 $ ava Mgal 50.000 $
ToTTIKOI dopol Kal 2% Kepdhaio 400.000 $
Ao@dAcia
KooT10¢ 2uvThipnong 3.5% KegpaAaio 700.000 $
Aeiroupyikd ‘E€oda (2.854.370 $)
Amapaitnta  AkaBdpioTa 6.262.239 $
‘Ecoda
Dopog Eicodnuatog 35% 1.491.784 $
AmdéoBeon 10 é1n 2.000.000 $
Amraitolpeveg  Tapelakég | 20 % Amodoon Etrévduong 4.770.455 $
Poég
"‘Ecoda MA\uKepivng 738.278 gal 7.50 % 5.537.084 $
Koaotog Mpwtng "YANg 71.700.000lbs 0.25 $ 17.925.500 $
BiovTiCeA 10 MM gal 215%
30
Koaorog Kegahaiou Tipr FAukepivng
$/ETnoio FaAovi $iyarov ToyiéAdio
25+ — 200 5.00
------ 2.00 7.50 .
_ —— 150 7.50 "‘-""°’V
o —-- 1,50 10.00
(=} - .
g 29 ///
) + .~
LT
5 el
i)
]
=
=
=
O-o T x T T L T T T
0.05 0.10 0.18 0.20 0.25 0.30

Koortog Mpwing "YAng EAaiou $/1b

2XHMA 13. ZuvdpTtnon Tou KOOTOUG TTapaywyng BlovTifeA avd povdada dykou atrd 10 K6OTOG ayopdg
TTPWTNG UANG [Graboski]
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IAIOTHTEZ KAYZIMQN EZTEPQN AIMIAIQN

MNelpapatikég dIEPEUVAOEIC TTOU £YIVAV O€ OXAMATA KAl KIVATAPES PME KAUOIUA VTICEN atTd AiTn
Kal éAaia TTapriyayav SIa@opeTIKA aTTOTEAETUATA. ZTIG TTEPICCOTEPESG TTEPITITWOEIS AUTO OQEIAETAI
oTnv TToI6TNTA KAl 0TV KOBapdTnTa TOU Kauoiyou. MapoAautd o€ TTOANEG TTEPITITWOEIG TO
oQAaApa pétpnong A n dlakuhavon TG HETpNong gival peydaAn (i dev éxel dnuooisuBei kabdAou)
ME OTTOTEAECHO TA €UPAUATA va €XOuv vonua o€ TroloTik Bdon. Ze aut TNV TTapdypaqgo
ggetadovTal o1 1ID16TNTEG TWV KAUGTMWY BIovTiCeA. ol 0TToiEG ETTIOPOUV OTNV ATTOdOCN TOU KIVNTAPA
Kal oTAV KaTavonon TG TEXVOAoYiag TTapaywynig Kal oTn Xprion autwy Twy KAUGidwy.

XnuIKAR ouvBeon Kal 1810TNTEG

H xnuikn olvBeon Twyv e0Tépwv AITTWYV Kal eAaiwy e€apTdTal atmd To PAKOG Kal To BaBud un
KOPEOHOU TNG aAucidag aAkaAiwv Tou AITapol ogéog. O TMivakag 5 trapoucidlel Ta dedouéva
OTOIXEIAKNAG avAAuong yia PeBUAeoTEPEG agoyieAaiou kal oupBatikoU Kauaipou vTiCeA. O Adyog
C/H 1wv BiovTiCeA TTou TTpoépxovTal atrd AAAa QUTIKA éAaia A AiTTn Ba gival Alydki d1a@opeTIKOG
eCapTWHEVOG TTAVTA ATTO TO BABUO U KOPECHOU TOUG.

MINAKAZ 8. Tutrikr aToixelokry ouvBeon ueBuleoTépa ocoyieAaiou kal kauaipou vTiCeA No.2

NTieA No 2 MeBuAeoTépag ZoyieAaiou’

C (%K.B.) 87 77.2
H (%K.B.) 13 11.9
0 (%k.B.) 0 10.8
S (%K.B.) <0.05 -

’ Méoecg niéc amroreAeoudrwy BiBA. mapammoutmwy [19-23]

H o onuavtik dilagopd otn ouvBeon peTagl Tou vTigeA D-2 kai Tou BlovTideA gival To
TT0000TO ofuydvou. To BiovtiCeN mepiéxel 10-12% k.B. ofuydvo. TO OTTOI0 TTPOKAAEI TOU
EVEPYEIOKOU TOU TTEPIEXOPEVOU Kal OTTWG Ba deixBei. TTPOKaAEl peiwan Twv ocwuaTidiwv alBdAng.
2116 HIMA. 10 gutropIkda diaBéaipo kauaoipo vTiCeA No 2 mrepiéxel 500 ppm B¢io pe Bdon Tnv ASTM
D-2622. To BiovTileA dev TrepIéxel Beio. To Beio yetaTpétmeral g€ oEeidio Tou Beiou oTnV £€aywyn
TOU KIVQTHPG Kal éva TTooooTd Tou BIo¢eidiou Tou Bgiou peTatpémmeral o€ Benkd ofU. To OTToIo
AoyileTal wg cwPaTIBIAKOS PUTTOG. To Kaualuo diesel TTou TTpoépxeTal aTTd TO TTETPEAQIO TTEPIEXEI
etriong a1ré 20 w¢ 40% apwpaTikd cuoTaTIKG. O apwpaTikoi udpoyovAavepakes sival yvwaTé OTi
TIPOKAAOUV aufnon TwV CWUATIOIOKWY EKTTOUTTWY Kal Twv EKTTOUTTWV NOX. To BlovTileA dev
TTEPIEXEI APWHATIKEG EVWOEIG. TO oUUBATIKO VTICEA DEV TTEPIEXEI OUCIACTIKA OAEPIVIKOUG BECUOUG
evw Ta PiovTifeA TTEpIEXOUV €vav onuavTikKG aplBud ammd auTéG TIC avTIOPWOEG AKOPECTEG
evwoelg. OAa Tta AiTTn Kal éAaia TToU aTTavTwvTal oTn QUON €ival €0TEPEG MIOG TPITOTAYOUG
aAKOOANG TNG YAUKEPOANG. AuTd gival ywvwoTA wg YAUKEPIDIA. TPIYAUKEPIOIa A TPIGAKUYAUKEPIDIAL.
Me pepikég ecaipéoelg Ta KAPPBOGUAIKA ogéa (NiITTapd o&Ea) atrd Ta oTroia TTpoépyovTal Ta AiTrn Kal
Ta £Aaia gival evwoelg he eubeia avBpakikr ahuaida pe péyebog Tmou Kupaivetan atmd 3 wg 18
avBpakes. O Mivakag 6 deixvel T XNMIKA oUOTACN Twv NITTAPWY O&EWV TTOU ATTAVTWVTOI OTA
kKauoiua BiovtiCeA. EkT6¢ ammd 1a cuoTaTikd pe 3 kal 5 dropa dvBpaka. pévo 1a oféa e Cuyod
apIBuo aTOPWY AvOpOKA ATTOVTWVTAI AUTOTEAWG OTN QUOoN. Ta og¢éa UTTopEi va gival KOpEoUEVa
(Trepi€xouv POVO aTTAOUG OeOPOUG) 1 akdpeaTa (TrepiExouv éva 1 TTEPICOOTEPOUG OITTAOUG
0eopoug). ‘Eva kekopeouévo AITTog €ival autd OTO OTToi0 Oev PTTOPEI va TTPOOTEDEl XNUIKG
ETMITTAEOV UBPOYOVO. Z€ £va N KOPECHEVO AITTOG PTTOPET va TTpooTeBEi udpoydvo yia Kabe Babud
MN KOPEOHOU. O OTT0I0G avTIOTOIXEI 0€ KABE SITTAG Tou SeOPO. UTTOPE va TTPoOTeBEl Eva popIo
udpoybvou avd Airrapd o&u. O TMivakag 6 deixvel Ta onueia NG Kal Bpacuol Twy dia@dpwv
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ANiTTapwyv o&€wv. Ta kopeouéva oéa eugavifouv uwnAdTepa onueia TENG atmd 6Tl Ta aképeaTa
o¢éa. To oteapikd ofU yia TTapddelypa eivalr oTeped wg Toug 700C evw TO OAEIKO OEU Aclwvel
oToug 160C. H pévn diagopd Toug gival n TTapoucia evdg atthou dItTAou decuou ot dopr Tou
oAglkoU og€og. MNa 1o onueio TAENG. N XNMIK dOUA TOU KaAugigou cival TTOAU onuavTtikh. Ta
onueia Bpaouou Twv o&éwv atrd TNV GAAN TTAEUpPA €CapTWVTAl ATTO TO PAKOG TNG avOPOKIKAG
aAucidag aAAd civalr oxedov aveEdpTnTa aTTd To BABUO KOPeGUOU Tou AITapoU ogEog. AuUTEG ol
TTAPATNPAOEIC OO0V agopd Tnv £TTidpacn TG XNUIKAG dOUAG OTa onueia TAENS Kal Bpacuou
Bpiokel emTiong epapuoyr 0Toug £0TEPEG AITTAPWY OEEwv TTAPOAO TTOU Ta onueia Bpacuol Kai
THENG TOUG gival onuavTiKG XapnAdtepa oTTwg @aiveral oTtov MNMivaka 6. O lMNivakag 7 ouvowidel Tn
ouvBeon og Nimtapd ogéa dla@opwy TpIYAuKepIdiwy. MNa Ta TTEPICTOTEPA AITIN Kal €Adia yia Ta
OTToia UTTAPXE! ETTIOTNUOVIKO KOl TEXVOAOYIKO €vOIA@EPOV. N TTAEIOVOTNTA TWV AITTAPWY OEEWV
TTEPIEXEI aVOPOKIKEG aAUOideG pe 16 kal 18 dropa dvBpaka. To {wikd AiTTog atroTeAeiTal Katd
60% a116é Kopeopéva TTAAUITIKA KAl OTEAPIKA o&éa. To evatropeivav UNKO atroTeAeiTal pévo atmo
OKOPEOTO OAEIKO OGU. To coyiéAdIo, TO KAAQUTTOKEAQIO, TO QIOTIKEAQIO K.O. TTEPIEXOUV KUPIWG
OKOPEOTA OLEQ. N TTAEIOVOTNTO TWV OTTOIWV ATTOTEAEITAI ATTO OAEIKA Kal AIVOAEIKG o&fa (SITTAG
akopeoTa). To KpapPBéAaio ammd KATTolEG BIOAOYIKEG TINYEG TTEPIEXEI éva UWNASO TTOCOOCTO TOU
povoakdpeaTou C22 £0UpOIKOU 0&£0G.

MINAKAZ 9. Mopiakdg TUTTOG Twv BacikéTepwv AImdiwy atrd Ta oTToia atroteAouvTal Ta Kauolua
BiovriCeA.. MapartiBevTal Ta onueia TAENG KAl BPACTHOU AUTWV TWV 0EEWV KAl TWV AVTIOTOIXWY
peBUAeaTEPWY TOUG [Graboski]

Atopa
(0141 AvBpaka : Mopiak6g TUTrog Mitrapd Ogéa MeBuAeoTépeg
Agopoi
. Znueio . Znueio
Znueio . nueio .
. o Bpaopou y o Bpaopou
T C T C
o Agns (°C) °C) Agns (°C) °C)
aTTPUAIKO . -
(Caprylic) C8:0 CH3(CH,)sCOOH 16.5 239 40 193
Katpiké .
(Capric) C10:0 CH3(CH,)sCOOH 31.3 269 -18 224
Aaoupiks C12:0 CH3(CH2)10COOH 436 304 5.2 262
(Lauric)
MupioTiké .
(Myristic) C14:0 CH3(CH,)1,COOH 58.0 332 19 295
MaAuimikéd .
(Palmitic) C16:0 CHj3(CH,)1.COOH 62.9 349 30 338
MaApITOAEIKO . _
(Palmitoleic) C16:1 CH3(CHz)sCH=CH(CH,),COOH 33 - 0 -
2TEQPIKO .
(Stearic) C18:0 CH3(CH,)1COOH 69.9 371 39.1 352
ff)"lzi'f:‘)’ c18:1 CH3(CH_);CH=CH(CH,);COOH 16.3 - -19.9 349
AIVOA€KO . CH3(CH2)sCH=CHCH,CH=CH(CH,), ) ) }
(Linoleic) c18:2 COOH 5 35 366
NAIVOAEIVIKO ci8:3 CH3(CH2).,CH=CHCH,CH=CHCH, 11 B . -
(Linolenic) ’ CH=CH(CH,);COOH
Apax161k6 .
(Arachidic) C20:0 CH3(CH,)1sCOOH 75.2 - 50 -
Eikoolevikd . _
(Eicosenoic) C20:1 CH3(CH,)7;CH=CH(CH_)sCOOH 23 - -15 -
Mrrexeviko .
(Behenic) C22:0 CH3(CH_)20COOH 80 - 54 -
Eoupoikd . _
(Eurcic) C22:1 CH3(CH,);CH=CH(CH,);;COOH 34 - - -
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MINAKAZ 10. Katd Bapog TTo000TO SIa@OpwV AITTWV KAl QUTIKWY EAQiWY TTOU XPNOIKMOTTOIOUVTAl WG
TTPWTN UAN yia TTapaywyn BiovTifeA o Airrapd o&éa.

Ap18uog Kopeopéva O¢éa MovoakopeoTta O%éa  AlyAukepidia TpiyAukepidia
Avepaka
8 10 12 14 16 18 >18 <16 16 18 >18
Bodivé Aitrog - - 02 23 25 21- 04 0.5 2-3 39- 0.3 2
30 26 1 42
BouTtupo - 2- 14 8- 25- 8- 0.4- 1-2 25 22- 0.2- 3
2 3 13 32 13 2 29 0.15
‘EAaio kapUdag  5-  4-  44- 13- 7- 1-4 - - - 5-8 35- 1-3
9 10 51 18 10 52
Moupouvéiaio - - - 26 7- 01 0-2 10- 25-
14 20 31
KaAautrokéAaio - - - 02 8 14 1-2  30- 0-2 34-56
10 50
BauBakéAaio - - - 0-3 17- 1-3 23- 2-3 34-55
23 41
Xolpivo Aitrog - - - 1 25 12- 02 25 41- 23 4-22
30 16 51
Aivéhaio - - - 02 59 01 - - - 9-29 8-29 45-67
doivikéAalio - - - 16 32- 16 - - - 40- 2-11
47 52
doivikéAalo 2- 3 45- 14- 69 13 12 0-1 10- 1-2
Kemal 4 7 52 19 18
duaoTikéAaio - - - 05 6- 36 5 12 39- 17-38
11 10 66
KpauBéAaio - - - - 25 12 09 02 10-  50- 10-20 5-10
15 60
‘EAaio - - - - 52 22 76.3 16.2
Kdapdauou
2oyiEAaio - - - 03 7- 36 5- 0-1 22- 50-60 2-10
11 10 34
HAIéAaio - 6.0 4.2 14 18.7 69.3 0.3

I816TNTEG KAUONG

ApiBudc keraviou

O apIBudg KeTaviou Tou KaAugipyou. o OTToiog TTPoadIopideTal aTTd Tn TTPOTUTIN PETPNON
ASTM D-613 cival éva PETPO TNG KABUOTEPNONG AVAPAEENG HE TOUG UWNAOTEPOUG apIBuoUg
KETAVIOU va onuaivouv WeEiwon Tou XPpovikou dIAcTAPATOG TTou JeooAaBei HeTalu TnG évapgng
NG £yxuong Kal TG évauong Tou kaucipou. O deikTng KeTaviou (cetane index) TTpocdiopileTal
amdé 10 TPoéTUTTo ASTM D-976. O O¢eikTng Ketaviou eival pia uttoAoyiouevn 1010TNTA TTOU
OUOYXETICETAI 1O0XUPA HME TOV aplBud ketaviou yia @uoikd atroféuata meTpeAaiou. O BeikTNG
KETAVIOU QTTOTEAEI ETTIONG PETPO TNG APWHATIKOTNTAG TOU KAUTiou vTiCeA. AuTO Ouwg Oev I0XUEI
oTa PBlovTiCeA dI6TI auTd dev TTEPIEXOUV OTTWG TTPOAVAPEPONKE APWHATIKEG evwoelg. O aplBudg
KeTaviou Twv PlovTiCeA e€apTaTal ammd 10 TTPWTOYEVES EAAI0 aAAG yevikd TOTTOBETEITAI TTPOG TO
TEAOG TNG avWTEPNG KAIMOKAG Tou eUpoug diakupavong Tou aplBuou ketaviou Tou vTideh No 2
OTTWG onuelwveTal otov lMivaka 8.

O1 migég apiBuou keTaviou TTou €xouv dnuooicuBei Kupaivovtal amd 45.8 wg 56.9 yia T10
MeBUAeoTEpa coyieAaiou Kal attd 48 wg 61.8 yia Tov peBuleaTépa eAaiokpdupng. Autd To peydho
€UPOG TIHWV TIPOKAAEITAl PAANOV aTid TIG OIAQOPEG OTNV  KAAOUATIKA WETATPOTT  TWV
TPIYAUKEPISIWY OE €0TEPEG KOl GTNV TTAPOUCIA TNG UTTOAEIMPATOG HEBAVOANG Kal YAUKEPOANG OTO
Kauoigo. H egétaon Tou onueiou BOAwWONG Kal Twv dedOUEVWVY ATTOOTAENG TTOU TTaPATIBEVTAl
OKOAOUBWG emPBefalwvouy auTO TO CUPTIEPACHA YIA TIG AvA@OPEG TTou divouv apiBuoug
KeTaviou katw armd 50. H péon Tiun Twv d1aBéocipwy dedopévwy TToU TTAPOUCIACovVTal OTOV
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Mivaka 8 cival 50.9 yia 10 peBUAeoTEPA coyIEAaIoU Kal 52.9 yia Toug £0TEPES KpauBeAaiou. MNa
GAAoug eaTépeg TTou avagépovTal atov lNMivaka 8 dedopéva povo yia Eva anueio gival diabéoipa
aAAG ava@épouv apiBuoug ketaviou TTou Kupaivovtal atrd 48 wg 60. YWnAd Kopeopévol E0TEPEG
OTTWG auToi TTOU TTapPAyovTal atrd AITTOG Kal XPNOIMOTIOINUEVA MAYEIPIKA EAala €XOUV TOUG
uwnAGTEPOUG apIBuoUG keTaviou. H emmidpacon Tng TpoouiEng BiovTileA cival oxedév ypapHIKN Yo
MiypaTa eoTépwv pe vTiCeA No 1 i No 2 [19,25]. Autd @aiveTal oTo SiIdypauua Tou ZxAuatog 7
OTTOU OUVTEAEOTEG UWNANG OUOXETIONG BEIXVOUV UIa YPOUUIKA CUOXETION PETAEU TwV apIBuwv
KETAviou KABapwy KAuGidwy Kal hIYRATwy TTapd TNV TTpo@avr] KAPTTUASGTNTA TNG TAoNG £CENIENG
TWV TIHWV yia PeBUAeOTEPEG ooyieAaiou. Ta dedopéva oTo ZxHpa 7 OTTwg £TTiong éva peydho
MEPOG TITTPOCBETWY dNUOCIEUUEVWY BedouEVWY [20] deixvouv OTI 0 apIBUOG KETAVIOU KAUGTHwY
€EO0TEPWV UTTOPEI va  xpnoiyotroinBei w¢g apiBuog ketaviou avauigng. EmmAéov. auth n
TTapatipnon gival aAnBnig yia 6Ao 10 UPOG CUCTACEWY HIYHATWY VTICEA KAl EOTEPWV.
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ZXHMA 14. MetaBoAr Tou apiBuou KeTaviou cuvapTAoEl TOU TTOGOaTOU BIOVTiCeA yia didgopa €idn
Biokauaoipywyv [Graboski]

Aedopéva apiBuwyv KeTaviou yia kaBapolg e0TEPES eival cuykevipwuéva atov lMivaka 9. O
apIBu6G KeTaviou auédvel Pe TO PAKOG TNG avOpaKIKAG aAuaidag. PEIWVETAI PJE TO APIBUWY TwV
OITAWV OECUWV Kal HEIVETAlI €TTIONG KABWG o1 JITTAOI deopoi Kal O ouadeg KApBOVUAiWV
METOAKIVOUVTAI TTPOG TO KEVTPO TNG aAucidag. MNa kaBapoug e0TéPEC oTEAPIKOU 0EE0C. O apPIBUOG
KETAviou gival TTEPITTOU i00G PE 75 aAAG yIa €0TEPEG AIVOAEIKOU 0&E0G e TpEiG BITTAOUG deaoUG O
apIBuo6¢ ketaviou €mrece oTo 25 Trepimou. O apIBudg KeTaviou augnbnke atmd 47.9 oe 75.6 yia
KOPEOUEVOUG E0TEPEG PE APIBUOG aTOpwWV AvBpaka atmd 10 wg 18. MNa 12 dropa dvBpaka Kai
avw. ol apiBuoi ketaviou ATav TTavw atd 60. H TTapaywyh €0TEPWV PE GAKOOAEG PaKPUTEPNG
avBpakiKAG aAuaidag 6TTwg alBavoAn ) BoutavoAn sixav pikpn eTTidpacn otov apiBud KeTaviou.
MeTpnoeig puttwy €deiEav Tavw atmd 55-60. o apiBudg keTaviou £xel MK 1] KaBOAou eTTidpacn
o€ TTEPAITEPW MEIWOEIG PUTTWV [39]. H augnon Tou aplBpol keTaviou éxel deixOei OTI TTPOKAAEN
peiwon Twy ektTopTTwy NOX [40]. O apiBudg keTaviou PTTOPEN va evIOXUBEl XpNOIPOTTOIWVTAG
BeATiwTIKG TTPOCBETA KAl AUTO OTTOTEAEI JIa TTOAAG UTTOOXOUEVN TTPAKTIKA yIO TOV TTEPIOPIOHS
akoua Kal Tnv dpon Tng emdeivwong Twv ekmoutmwy NOx pe Tn xprion BlovTideA kal hIyuaTwy
auTwv e kauolyo vrigeh. O1 Sharp et al. [41.42] édeigav 1o id10 yia éva piyua vTiCeN/BIovTiCeA
20% k.B. (B-20). MapoAautd. o Sharp et al. Bprikav 61 10 B-20 dev avnidopd oe éva GAAo
TP6oBeTo BeAtiwong Tou CN, 10 SIBOUTUAIKO UBPOTTEPOLEIBIO PE aTTOTEAECUA TNV augnaon Tou
apIBUOU KETAVIOU Kal TOV TTEPIOPICHO TWV EKTTOPTTWV NOX.
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MINAKAZ 11. ApiBuoi keTaviou d1a@OpwV KAuaidwy BIOVTICEA

BiBA. MapatropTtn KavUoipo Ap1Ou6¢g Ketaviou
NTiCeA No 2 40 (ehay.) — 52
[16] BiovTiCeA ZoyiéAaiou 51.4
[17] BiovTiCeA ZoyiéAaiou 45.8
[18] BiovTiCeA ZoyiéAaiou 48.0
[19] BiovTiCeA ZoyiéAaiou 56.4
[20] BiovTiCeA ZoyiéAaiou 53.1
[21] BiovTiCeA ZoylEAaiou 54.7
[23] BiovTiCeA ZoyiéAaiou 46.2
[24] BiovTiCeA ZoyiéAaiou 56.9
[25] BiovTiCeA ZoyiéAaiou 50.3
[31] BiovTiCeA ZoyiéAaiou 51.1
[31] BiovTiCeA ZoyiéAaiou 45.7
Méon iyl BiovTiCeA ZoyiéAaiou 50.9
[26] BiovTiCeA Kpaupehaiou 54.4
[27] BiovTiCeA KpapBehaiou 48.0
[28] BiovTiCeA Kpaupehaiou 51.6
[29] BiovTiCeA KpauBeAaiou 51.5
[30] BiovTiCeA KpauBeAaiou 50.0
[32] BiovTiCeA KpauBeAaiou 61.8
Méon TiuR BiovTiCeA KpauBeAaiou 52.9
[23] AIBUAEOTEPOG ZoyIEAQIOU 48.2
[23] BoutuAeoTépag ZoyiéAaiou 51.7
[25] MeBuAeaTépag Aitroug 58.8
[32] AlIBuAeoTépag KpapBeAaiou 64.9
[33] MeBuAeoTépag HAleAaiou 49.0
[33] MeBuAeoTépag BaupakeAaiou 51.2
[34] MeBuheaTépag PoivikeAaiou 50.0
[34] MeBuAeoTépag Doivikehaiou Kernal 52.0
[35] AIBUAECTEPOG XPNOIUOTTOINUEVWVY JOYEIPIKWY AQdILV 61.0

To onueio avaeAegns (ASTM D-93) atroTeAei £va péTpo TnG BepUoKpaciag wg TNV oTToia £va
Kauaiyo Ba TrpéTrel va BeppavBei £TO1 WOTE TO Miypa aThou Kal aépa TTou Ba oxXnuaTioBei TTavw
ammé 10 Kauoipgo va ptropei va ava@Aeyei. OAa 1a kavuoipa vrieA No.2 €xouv OXETIKA uywnAd
onueia avaeAeéng (54°C eAaxiotn TiuA. 71°C Tumkn Tiyn). To onueio avagAeéng Twv Kabapwv
BiovTiZeA gival akdua uwnAdTEPO TUTTIKA peyaAUTepo atrd 90°C dmrwg @aivetal atov Mivaka 10.
Ta xaunAd onueia avapAeéng tmou éxouv UeTpnOei Ot opiouéveg peNETeg [44] uTTopei va
ogeilovTal o€ TTapapévouca TToodTNTA JEBAvOANG aTov €0TEpa. AuTO UTTOPED va gival N aitia TnNg
gupeiag dlakupavong Tou aplBuou avagAeEng Tmou €xouv ONPOCIEUBEi yia évav e0TEPaA Kal TO
otroia Oivovtal otov [livaka 10. Emeidi n kabapdtnta eival ap@ifoAn. civar dUokoAo va
OUYKPiVvOUlE onueia avAagAeEnc €o0TéEPpwV TTOU TTPOEPXOVTal aATTO JIa@OpPETIKEG TNYES. Eva
Biokauaiyo pe onueio avagAegng 90°C trepitrou fi peyaAUTEPO Bewpeital we PN €tmkivouvo doov
a@opd Tnv aTToBAKEUOT TOU Kal Tr TAoN Tou yia TTPOKANCN TTupkayids. To kaBapd PiovTileA civai
£T01 APKETA TTI0 ACPAAEG ATTO TO VTICEN aTTO QUTH TNV ATTOWN. Z€ YiYUATA. TO ONUEIO avAPAEENnS
TOU VTICEA €TMIKPATEI OTO Piypa yia TTOO00TO avauigng Tou PiovTiCeAh wg 50% kai atrd eKei Kal
£rTeITa To onueio avagAegns Ba apyioel va aveBaivel [20]. H ‘Evwon Kataokeuaotwy KivntApwyv
oTig HIMA €ixe ekppdoel Tnv avnouyia 011 To onueio ava@AeEng (6TTwg €1Tiong Kal AAAEG 1010TNTES
TToU oXoANlaoBoUv TTapakdTw) Ba peTaBAnBouv katd n didpkeia TNG ATTOBNKEUONG £CAITIAC TNG
0&eIdWTIKNAG aoTABeIag Twy £0TEPWY ooyieAaiou kal AiTtoug. AuthA n mBavéTnTa dev QaiveTal va
£xel OiepeuvnBei d1ECOBIKA.
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MINAKAZ 12. ApiBpoi ketaviou dia@épwv Amapwyv ogéwv [Graboski]

BiBA. Mapatroutth Biokauoiuo ApIBu6¢ Ketaviou
[36] MeBuAeoTépag KaTTPUAIKOU 0gEoug 18.0
[37] MeBuAeoTépag KaTTPUAIKOU 0gEoug 33.6
136] MeBuleoTépag KaTTpIKoU 0gEoug 47.9
[37] MeBUAeaTEPAG KATTPIKOU 0EEOUG 47.2
[37] AIBUAECTEPOG KOTTPIKOU 0EEOUG 51.2
[36] MeBuAeaTépag AaoupikoU o&Eoug 60.8
[37] MeBuAeaTépag AaoupikoU ofEoug 61.4
[36] MeBuAeOTEPAG HUPIOTIKOU 0EEOUG 735
[37] MeBuAeaTépag HUPIOTIKOU 0gEoug 66.2
[37] AIBUAEOTEPOG HUPIOTIKOU 0EEOUG 66.9
[36] MeBuAeoTépag TTAAUITIKOU 0&€0UG 74.3
[37] MeBuAeoTépag TTOAUITIKOU 0&EOUG 74.5
[38] MeBuleoTépag oTeapikoU o&Eoug 75.6
[38] MeBuAeoTéPag OTEAPIKOU 0EEOUG 86.9
[38] AIBUAECTEPOG OTEAPIKOU OEEOUG 76.8
[38] MeBuAeaTépag oAgikoU 0&éoug 55.0
[38] AIBUAeoTEPOG OAEIKOU 0E€OUG 53.9
[38] MeBuAeaTépag AIvOAEikoU o&Eoug 42.2
[38] AIBuAeaTEépag AivoAgikou ogéoug 37.1
[38] MeBuAeaTépag AIVOAEIVIKOU 0E€oug 22.7
[38] AIBUAeaTEPOG AIVOAEIVIKOU 0EE0UG 26.7

2nueio avapAeénc

MINAKAZ 13. 2npeia avagAegns kauoipou vTifeA No 2 kai d1apopwv PEBUAECTEPWY AITTAPWV OLEWV
(Brovri¢ehg) [Graboski].

BiBA. TapatTouT Kauoipyo Znueio AvagAeeng (°C)

Kauoipo vrigeh No 2 60-72

[16] MeBuAeaTépag ooyieAaiou >110
[17] MeBuAeaTépag goyieAaiou 179
[20] MeBuleaTépag coyliehaiou 143
[21] MeBuAeaTépag goyieAaiou 174
[23] MeBuAeaTépag goyieAaiou 141
[24] MeBuAeoTépag ooyieAaiou >66
[25] MeBuAeaTépag goyieAaiou 117
[31] MeBuleaTépag coyiehaiou 110
[43] MeBuAeaTépag ooyieAaiou 127
Méon Tiun MeBuAeaTépag goyieAaiou 131
[26] MeBuAeoTépag kpauBeAaiou 84
[28] MeBuAeoTépag kpauBeAaiou 152
[30] MeBuAeoTépag kpapBeAaiou 188
[31] MeBuAeoTépag kpapBeiaiou 250
[32] MeBuAeoTépag kpauBeAaiou 175
Méon Tiun MeBuAeoTépag kpauBeAaiou 170
[25] MeBuAeaTépag {wikou AiTroug 138
[43] MeBuAeoTépag {wikou AiTroug 96
[44] MeBuAeoTépag {wikou AitToug 23
Méon Tiun MeBuAeoTépag {wikou AiTToug 117
[23] AlIBuAeaTépag ooyieAaiou 160
[23] BoutuAeoTépag ooyieAaiou 158
[32] AIBuAeoTépag kpapBeAaiou 185
[33] MeBuAeoTépag nAieAaiou 183
[33] MeBuAeoTépag BaupakeAaiou 110
[34] MeBuleaTépag @oivikeAaiou 174
[35] AIBUAEOTEPAG XPNOIMOTTOINUEVWV JOYEIPIKWY EAQIWV 124
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2nueio Bpaouou

MINAKAZ 14. O¢puoKpaaoieg avaKTnong CUPTTUKVWUATOG (onueia Bpaauou) yia kauaiuo vrifeA No 2 kal
d1dpopa kKaualpa BIovTiCeA

BIBA. TTapatTouTTi Biokauoipo IBP (°C) T10(°C) T50(°C) T90 (°C) EP (°C)
NTiCeA No 2 185 210 260 315 345
[17] MeBuAeaTépag goyieAaiou 320 331 337 343 351
[20] MeBuAeaTépag ooyieAaiou 302 328 334 351 356
[23] MeBuAeoTépag coyieAaiou - - 336 342 -
[24] MeBuAeaTépag coyieAaiou - 321 - - -
[25] MeBuAeaTépag ooyieAaiou 310 330 336 324 338
[43] MeBuAeaTépag goyieAaiou 265 329 335 337
Méon TiuR MeBuAeoTépag ooyieAaiou 299 328 336 330 346
[27] MeBuAeoTépag BaupakeAaiou 332 352 351 355 409
[28] MeBuheoTépag BauBakeAaiou 316 333 336 346 350
[29] MeBuAeoTépag BaupakeAaiou 330 - - - 340
[30] MeBuAeoTépag BaupakeAaiou - 335 - 342 -
Méon Tyl MeBuAeoTépag BaupakeAaiou 326 340 344 348 366
[25] MeBuAeaTépag CwikoU AiTToug 304 326 331 337 337
[43] MeBuAeoTépag Cwikou AiTToug 218 323 332 353 354
[44] MeBuAeaTépag Cwikou AiTToug 104, - 327 338 -
[47] MeBuAeaTépag CwikoU AiTToug 211 - 323 - 327
Méon TiuR MeBuAeaTépag CwikoU AiTToug 209 324 328 342 339
[23] AIBUAEoTEPOG COYIEAaiou - - 336 344 -
[23] BouTuAeoTépag ooyieAaiou - - 352 364 -
[34] MeBuAeaTEpag QOIVIKEATIOU 324 330 334 343 363
[44] AIBuAsoTEpPag CwikoU AiTToug 99 - 335 349 -
[44] BoutuAeoTépag CwikoU AiTToug 113 - 346 353 -
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ZXHMA 15. Z0ykpion KAPTTUAWY avAaKTNONG CUPTTUKVWHATOG (onpeia Bpaocpoul) kauaiuou vTiZed No 2,
MeBUAeaTEPOAG GoyieAaiou, peBUAeaTEPa KpauBeAaiou Kal pEBUAEOTEPO {WIKOU AITTOUG.
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Q¢ piypata Aiywv OXeTIKG TTAPOUOIWY CUCTATIKWY. O KAUOIKOI €0TEPEG AITTWV KAl €AAiwV
£XOUV TTEPIOPIOHEVO €UPOG BepuoKkpaciwy Bpacuol o axéon ue 1o vTiCeA No.2 kai epgavifouv
péoa onueia Bpacouou TTou Kupaivovtal atmd 325 wg 350°C mepitrou. OTTWG ONUEILONKE OTOV
Mivaka 11 kal o1o ZxAUa 8 To Bepuokpaaiakd €UPOS gival KOVTG 0TO TEAOG TOU avWTEPOU Opiou
TOU QVTIOTOIXOU £UPOUG YIa TO KAUOIWO VTiCeA. Z¢ piypaTa pe 20% K.B. BlovtileA (B-20). ytropouv
va TrapaxBolv Ta KAUCIPa TIOU AVTATIOKPIivVOVTal OTIG TTPOodIaypa@ég yia Tn Bepuokpaacia
avakTnong ocuptrukvwuatog 90% k.o (T90). MapoAautd. n ‘Evwon Karaokeuaotwyv Kivntipwv
[45] kai GAAoI €xouv ava@épel OTI N kauon piygotog vTigeNBiovTiCeh 20% K.B. pe €0TEPQ
ooyleAaiou TTPOKAAEI OXNUATIONO 6aVOPAKWHATWY OTIG BaABide elcaywyng Kal autd PTTopEi va
OXETICETAl OTO PEYAAO TTOOOOTO OAEQPIVIKWV HOPIWV Ta OTToid ep@avifouv uwnAd onueio
Bpaopou. Ag onueiwdei 0TI apkeTA aTmod Ta deiyuaTa Kauaipgou TTou avagEpovTal atov lNivaka 11
£Xouv Kata TTapadogo TPOTTo XaunAd apxikd onueia PBpacuou TTpodidovTtag £101 TNV UTTApEN
HEBaVOANG 1 YAUKEPOANG TTOU BeV £XOUV OTTOPAKPUVOET UETA TN OUVOEOT TOU £0TEPQ.

Eidik6 Bapog

MINAKAZ 15. Eidik6 Bapog kauaipou vTifeA No 2 kai dia@dpwv BIoKauaigwy

BIBA. TapatToutti Biokauaoipo Eidik6 Bdapog
NTiCeA No 2 0.85
[16] MeBuAeoTépag ooyieAaiou 0.8855
[18] MeBuAeoTépag ooyieAaiou 0.8831
[19] MeBuAeoTépag ooyieAaiou 0.8844
[20] MeBuAeoTépag ooyieAaiou 0.8855
[22] MeBuAeoTépag ooyieAaiou 0.8810
[23] MeBuAeaTépag ooyieAaiou 0.8840
[24] MeBuAeoTépag ooyieAaiou 0.8880
[43] MeBuAeoTépag ooyieAaiou 0.8870
[48] MeBuAeoTépag ooyieAaiou 0.889
Méoog Opog MeBuAeoTépag ooyieAaiou 0.8853
[26] MeBuAeoTépag kKpauReAaiou 0.8738
[27] MeBuAeaTépag kpaueAaiou 0.885
[28] MeBuAeaTépag kpapBeAaiou 0.882
[29] MeBuAeoTépag kpauBeAaiou 0.883
[30] MeBuAeoTépag kpauBeAaiou 0.8825
[31] MeBuAeoTépag kpauBeAaiou 0.8855
[32] MeBuAeoTépag kpaueAaiou 0.8802
Méoog Opog MeBuAeoTépag kpaueAaiou 0.8820
[25] MeBuAeaTépag CwiKoU AiTToug 0.8755
[43] MeBuAeaTépag CwikoU AiTToug 0.8772
[44] MeBuheoTépag {wikou AiTToug 0.8750
[47] MeBuAeaTépag CwikoU AiTToug 0.8745
Méoog Opog MeBuAeoTépag {wikou AiTToug 0.8756
[23] AIBUAeoTEPOG GoYIEAaiou 0.8810
[32] AlIBuAsoTEPag kKpauBeAaiou 0.876
[34] MeBuAeaTépag nAieAaiou 0.8800
[33] MeBuAeaTépag BapBakeAaiou 0.8800
[34] MeBuAeoTépag goivikeAaiou 0.8700
[35] AIBUAECTEPAG XPNOIUOTTOINUEVWY PAYEIPIKWY EAQiWV 0.8716
[44] AIBUAeaTEPAG CWIKOU AITTOUG 0.8710
[44] BouTuAeoTépag Cwikou AiTToug 0.8680

http://nausivios.snd.edu.gr/nausivios

A-90



PART A: Mechanical and Marine Engineering

To kauoipo vTigeA No.2 gpgavidel €181kd Bapog NG Tégng Tou 0.85 (ASTM D-287). To €181kO
Bdapog Tou BiovTiCeA kKupaiveTalr amd 0.86 wg 0.90 (Mivakag 12) kai gival TutTikdG ico pe 0.88. 'ETol
oTnV TEPITITWOoN Tou BlovTideA N KaTABAIYN atrd Tnv avTAia Kaugoigou Tou idlou dyKou KAugoiou
odnyei oTnv £yxuon PEYAAUTEPNG TTOOOTNTAG KOUCIUOU O€ OXEON ME TN TTEQITITLWON £yXUONG
oupBatikou vTiCeA. Omwg Ba oxoAiacBei oTnv e€moOuevn Tapdypa®o Ta BlovTiCeh €xouv
XOUNAOTEPO EVEPYEIAKO TTEPIEXOMEVO TOOO avd povada éykou 600 Kal ava povada udadlag. MNa
auTd TTapOAO TToU £va oUyXPOovo cUCTNHUA £yXUoNG UTTOPED va KAaTaBAiyel peyaAltepn TToodTnTa
KAUGihJou My TO TTO00 EVEPYEIOG TTOU €ICEPYETal aTo BAAapo kauong mgLHV (LHV eival n
KatwTepn Bepuoydvog duvapn) sival AiyOTEPO ATTO €KEIVO TTOU QVTIOTOIXEI YIO TO KAUGIYO VTICEA
No.2.

O¢puoyodvog duvaun

MINAKAZ 16. O¢puoydévog duvaun kauaiyou vTiCeA No 2 kal dia@opwyv Biokauaiywy [Graboski]

BiBA. Biokauaiuo AvwTépa Ogpuoydvog Katwtepn Oegpuoydvog
TTOPATTONTTA AOvaun Aovapun
(Btu/lb) (Btu/lb)
NTiCeA No 2 19300 18640
16 MeBuAeaTépag goyieAaiou 17176 16000
17 MeBuleaTépag coyiehaiou 17650 -
18 MeBuAeaTépag ooyieAaiou 17996 -
20 MeBuAeaTépag goyieAaiou 17156 -
21 MeBuleaTépag coyiehaiou - 15695
22 MeBuAeaTépag ooyieAaiou - 15700
23 MeBuleaTépag coyiehaiou 17127 -
24 MeBuAeaTépag ooyieAaiou 17087 -
25 MeBuAeaTépag goyieAaiou 17650 -
43 MeBuleaTépag coyiehaiou 17248 -
a7 MeBuAeaTépag goyieAaiou 17106 16034
Méon Tiun MeBuAeoTépag goyieAaiou 17355 15925
26 MeBuleoTépag kpauBeAaiou 17506 -
28 MeBuAeoTépag kpauBeAaiou - 16224
29 MeBuAeoTépag kpauBeAaiou - 15985
30 MeBuAeoTépag kpapBeAaiou - 15940
31 MeBuAeoTépag KpauBeAaiou 17136 -
32 MeBuleoTépag kpauBeAaiou 17446 -
Méon Tiun MeBuAeoTépag KpapBeAaiou 17363 16050
25 MeBuAeoTépag {wikou AiTroug 17382 -
43 MeBuAeoTépag {wikou AitToug 17186 -
44 MeBuAeaTépag {wikou AiTroug 17380 -
Méon Tiun MeBuleaTépag CwikoU AiTTroug 17283 -
23 AiBuAeoTépag ooyiéAaiou 17208 -
32 AIBuAeoTépag kpapReAaiou 17433 -
34 MeBuleaTépag nAiAaiou - 16580
33 MeBuAeoTépag BaupfakeAaiou - 16735
34 MeBuleaTépag @oivikéAaiou 17271 -
35 AIBUAEOTEPOG XPNOIYOTTOINUEVWY 17428 16004
MOYEIPIKWVY eAQiwV
44 AIBuAeoTépag CwikoU AiTroug 17940 -
44 BouTtuAeoTépag CwikoU AiTToug 17733 -

Eival yevikd ammodektd OTI n kartavdAwon Kauoigou egival avaAoyn TnG OYKOPETPIKAG
ToIOTNTAG EVEPYEIOG TOU KAUCTiuou pe Bdon Tnv KatwTepn f kaBapr Bepuoydvo duvaun (Lower
heating value — LHV). O Mivakag 13 avagépel TIG Bepuoydvoug dUVANEIS VIO TO KAUOIUO VTICEA
Kal did@opoug €oTépeg. To Kauaoipo vriCeA No 2 Trepiéxel Tutnikd 41700 kJ/kg evw Ta BiovTieA
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£xouv TrepitTou 10% Aiyotepn Beppoydvo duvapn. O Adyog Bepuoydvou duvaung vigeA No 2 kai
BiovTiCeA ocoyiehaiou eivar 0.892. 'ETo1 n oikovopia kauciyou avda povdada oéykou Ba eival
MIKPOTEPN O€ KIVATAPES TTOU £pyAdovTal Je BIOVTICeN Kal piypaTa BIOVTiCeA.

1816TNTEG PONRG

16161NTEC PONC O€ XauUNAn Bepuokpacia

O1 BaoikéG 1I810TNTEG YIA TO XAPOKTNPIOHUO TNG CUPTTEPIPOPAS TOU KAUTIOU TOUG XEIMEPIVOUG
prveg gival To onueio B6Awong (cloud point) kar To onueio ékxuong (pour point). To onueio
B6Awong (ASTM D-2500) cival n Beppokpaacia yia TNV OTIoia 0 GXNUATIOKWOS TTaXUPPEUCTOU
UTTOTTPOIOVTOG (KEPIOU) PTTOPET Va €XEI EEKIVAOEI TNV ATTOQPALN TOU QIATPOU Kauaigou. MeTpiéTal
WG n Beppokpacia Tou TTPWTOU OXNMOTICKOU TTaXUPPEUCTOU UTTOTTPOIOVTOG KABWG TTayWVEl TO
Kauoigo. To onuegio ékxuong (ASTM D-97) atroteAei éva pETpPO Tou onueiou dnuioupyiog
KOAAOEIDOUG TTNKTWHATOG TOU Kauaiyou. AuTh n Bepuokpacia atmoTeAei éTpo TnG Bepuokpaciag
yld TNV OTToid TO KAUCOIYO dev gival TTAEov oupTTieaTd. To onueio ékxuong cival TTavTa PIKPOTEPO
amdé 10 onueio BOAwong. To onueio BOAwong dev emnpedleTal amd 1o TTPOCOETA TTOU
ovopadovTal BEATIWTIKA pong. MNMapoAauTd. Ta TTPOCHETA AUTA UTTOPOUV VA PEIWCOUV TO UEyEBOog
N va euTTodicel TO OXNMOTIONO KPUOTAAITWY TTaXUPPEUCTOU  UTTOTTPOIGVTOG. Of  OTToiOo!
oxnuarti¢ovtal Katd TNV Yuén Tou KOUGIPOU Kal €TO1 VO PEIWOEI TN BEpPOKPOTia OTnv OTroia n
amoepagn AOyw OXNUATIOPOU TTaxUPPEUCTOU UTTOTTPOIOVTOG Va  aTroTEAECEl TTPORANMQ.
MpdoBeta BeATiwong Tou Cnueiou €kKXUong UTTOPOUV VA PEIWCOUV ONUAVTIKA Tn Bepuokpaacia
EUPAVIONG KOANOEIBOUG TINKTWHATOG Kaugipgou onpavtikd. To onueio wuxphg amoepagng
@iATpou (CFPP) (ASTM D 4539) kabBopileTal ue epyaaTnpiakég OOKIYEG Kal KaBopilel Tnv Taon
yia kabi¢non raxUpPEUCTOU UTTOTTPOIOVTOG. AuTH n OOKIUA WETPA Tn BEpUoKpacia yia TNV OTToia
Ta QIATPpa Kauaoigou avapéveTal va ammo@paxBolv e€aitiag Tng Kabifnong KEPIVOU UTTOTTPOIOVTOG.
2tov lNivaka 14 gival cuyKevTpwuéva aonueia B0Awong. £kxuong Kal WuxpAg atréepaéng QiAtpou
Ol1apopwyv PiovTileA.

OAa 1a kauoipa BiovtiCeh dev gp@avifouv 101aiTepa KOAEG 1810TNTEGC WUXPNS PONG HE T
onueia B6Awaong kail ékxuong va ival 20-25°C peyaAUTtepa atod ekeiva Tou vTileh No 2. AuTéG ol
TIUEG €ival OXETIKA UWNAEG OTAV OUYKpivovTal PE TIG BEPUOKPACIEG TTOU ETTIKPATOUV KOTA TO
Xelpwva. Ta anueia TAENG Twv opyavikwy Popiwv gival TTOAU euaioOnTa oTn xnuikp ouoTtaon. Ol
OOUIKEG 1810TNTEG TOU PIOVTiCeA TTou €TTnpedlouv To onpeio TASNG cival o BaBuodg KopeouoU. TO
MAKOG TNG avBpakikngG aAucidag kal 0 BaBuog dIakAGdwong. YWnAG akOpeOTol E0TEPEG AITTWV
gival KatwTepol 600V aPopd autd To TOPED ATTO TOUG €O0TEPEG coyieAaiou Kal kKpauBeAaiou. Ol
HEBUAeOTEPEC Toyiehaiou Kal KpapBeAaiou gupavifouv péoa onueia B0Awong petagy 0 kai -5°C
Kal onueia ékxuong ioa trepitrou pe -4°C kai -10°C avtioToixa. O peBuAeaTépag AiTToug eu@avidel
péoo onueio B0AwonNg ioco e 14°C kal onueio ékxuong ico pe 10°C. H emidpaon Tou YRKoug TNG
avBpaKIKAG aAucidag. Tou Pabuou kopeopoU Kal TnG OIaKAGdwOoNG dev €xouv AngBei uttowiv
Kartd Tnv Trapackeury Tou PiovTifeA. ‘Exel TTpoTabei 0TI o1 I00TTPOTTUAIKOI €0TEPEG Ba eixav
KaAUTEPEG 1ID1OTNTEG PONG €V WUXPwWw aTTd TOUC PEBUAIKOUC. alBUAIKOUG 1} BOUTUAIKOUG €0TEPEG
[51] TTapoAo Tou dev €xouv TTapouciacBei dedopéva TTou va oTtnpifouv auth Tnv atown. H
Meiwon Tou PAKouG TNG avBpakikAG aAuaidag kai/f] augnon tng dilakAadwang Tng aAucidag Ba
BeATiwoel TIG 1816TNTEG PONAG €V WUXPW TOU Kauoiyou. To PAKoG TnG aAucidag Kal o Pabuog
O1aKAGOWONG utTopei va PeTaBANBEi pe Tn BonBeia peBOdwvY YEVETIKAG avaudppwaong Twv QUTWV
OTTWG £TTIONG KO HECW XNMIKNAG £TTEEEPYAOiag Tou BIovTiCeA pe okoTrd Tn d1AoTTacn dedoUEVWV
OIMAWV deCopwWV 1 To oxXNUaTIONSO dlakAadiopévwy 1Icopepwy. oAU Aiyn epapuoauévn €psuva
Exel yivel oTnv TTEPIOXA TNG XNUIKAG ETTEEEPYAOIAC QUTIKWV €AWV KAl AITTWV PE OKOTTO TN
BeAtiwon Twv 1IBI0TATWY TOU TIPOKUTITOVTOG PlovTiCeA Kalr o1 1I010TNTEG POAG CE XAMNAA
Beppokpacia Twv BIOKAUGINWY gival avTIKEiyevo TTou Xprdel emoTapévng épeuvag. H eTaipeia
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Midwest Biofuels [50] dnuocicuce dedouéva OXETIKA PE TNV avAMIEn €o0Tépa coyieAaiou Kal
eoTéPa AitTToug pe kauoiga vriceA No 1 kar No 2 avriotoixa. To kauvoiya vTiCeA TTOU
XpPnoigoTtroiIRdnkav yia Tnv avapign sixav onueia B6Awong Kal éKxuong KOVTA OTO KATWTEPO OPIO
TOU TUTTIKOU €Upoug dlakuuyavong Twv Kauoiywyv vTiCeA. H avauién BiovtiCeA coyieAaiou Kai
Aitoug pe vTiCeA No 1 kai No 2 édeige 6Tl Ta onueia BO0AwoNG Kal ékxuong auéavovtal avaioya
ME TNV TTO0OTNTA €CTEPA TTOU TTPOCTIOETAI OTO piypa. H emidpaon kard tnv avauign ye 1o D-1
ATav onuAvTIKa peyaAutepn atd 6T pe 1o D-2 éTrwg @aivetal oto ZxAua 9°% 61mou n algnon otn
Bepuokpaacia gival TTOAU o paydaia yia T0 No 1 o€ oxéon pe 1o No 2. Kal oTig duo TTEPITITWOEIG
0l £0TEPEG NITTOUG ATAV KATWTEPOI ATTO TOUG £0TEPEG COYIEAQIOU BPIOKOPEVOI O CUPQWVIA PE TN

XNMIKA TOug dour).
MINAKAZ 17. 1816TnTEG pong o€ XaunAéG Beppokpaacies diapdpwy kKauoiuwy BiovTieA [Graboski]

BipA. Biokauoiuo 2nueio 2nueio CFPP
TTAPATTOUTTH O@déAwong (°C) ‘Exxuong (°C) (°C)
[50] MeBuAeoTépag ooyieAaiou -15 €wg 5 -35 €éwg 15 -10 €wg -
20
[16] MeBuAeoTépag ooyieAaiou -2 - -
[17] MeBuAeaTépag goyieAaiou -1 -7 -4
[20] MeBuAeoTépag ooyieAaiou -3 -7 -4
[21] MeBuAeaTépag coyieAaiou 0 - -
[22] MeBuAeoTépag ooyieAaiou -2 -4 -
[23] MeBuAeaTépag coyieAaiou 2 -1 -
[24] MeBuAeaTépag coyieAaiou -1 - -
[25] MeBuAeoTépag ooyieAaiou - -1 -
[43] MeBuAeaTépag coyieAaiou 3 19 -
[50] MeBuAeoTépag coyieAaiou 3 -4 1
Méon miuR MeBuAeaTépag coyieAaiou -0.5 -3.8 -4
[26] MeBuAeaTépag kpapBeAaiou -1 -9 -
[27] MeBuAeoTépag kpauBeAaiou -4 - -
[29] MeBuAeaTépag kpapBeAaiou -4 -12 -13
[30] MeBuAeoTépag kpauBeAaiou -11 - 20
[31] MeBuAeoTépag KpauBeAaiou - -7 -
[32] MeBuAeoTépag kpauBeAaiou 0 -15 -
Méon miuR MeBuAeoTépag kpauBeAaiou -4.0 -10.8 3.6
[25] MeBuAeaTépag CwikoU AiTToug - 13 -
[43] MeBuAeoTépag CwikoU AiTToug 12 9 -
[44] MeBuAeoTépag CwiKoU AiTToug - 6 -
[50] MeBuAeoTépag CwikoU AiTToug 16 10 11
Méon Tyl MeBuAeoTépag Cwikou AiTToug 13.9 9 9
[23] AIBuAeoTéPOG CoyigAaiou -1 -4 -
[32] AIBUAeoTEPOG KpauBeAaiou -2 -15 -
[34] MeBuAeaTépag nAieAaiou - -7 -
[33] MeBuAeoTépag BaupakeAaiou - 3 -
[34] MeBuAeoTépag QOIVIKEAQIOU - 16 -
[35] AIBUAEOTEPAG XPNOIUOTTOINUEVWV 9 8 -
MAYEIPIKWY EAQiwV
[44] AIBuAeaTEPOG CWIKOU AiTTOUG - 6 -
[44] BoutuAeoTépag {wikoU AiTToug - 6 -

H xprion mpdéoBetwv BeAtiwong pong 1 TG poAg oe XaunAn Bepuokpacia ptTopei va
BeATiwoel TIG 1IB10TNTEG PONG £V WUXPW TWV KAUCIPMWY VTICeA. AuTA Ta TTpOCoBeTa dev eUTTOdI(OUV
TO OXNMATIOPO TTaXUPPEUCTOU UTTOTTPOIOVTOG (BNnA. dev peTABAAAOUV TO onuEio BOAwoNGg) aAAd
eUTT0difoUV TOUG WIKPOUG KPUOTAAAOUG TTaXUPPEUCTOU UTTOTTPOIOVTOG VA avatTuxBolv kal va
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ouvevwBouv. Autoi eTnpedfouv TO onueio ékxuong Kai To onueio améepagng Tou @iAtpou. H
XPNon mpooBEéTwy PeATiwong Twv IBIOTATWY POrG o€ XaunAég Bepuokpaaieg Ba armraitnBei otnv
TEPITITWON TWV EPTTOPIKA JIABECINWY  PBIOVTICEA Kl PIYPATWY QuTWV. €18IKA KATd TOUg
XeEluepIvoug unves. H etaipeia Midwest Biofuels [50] peAétnoe tnv peTaBoAr) Tou onueiou
ékxuong Kkai €0g1§e 6T N dnuIouUPYia TTNKTWHPATOG PTTOPEI va OTTOTPATTE PE XPAON KATAAANAWY
EUTTOPIKWVY TTPOCBETWY. To onueio ékxuong Tou kaBapou BiovTiCeA coyieAaiou PEILONKE OTOUG -
400C pe xpnon evog gutropikol TTpdoBeTou TapdAo trou atraitienkav 1000 ppm 1TpdoBeTOU.
MapoAautd. Ta amoteAéopaTta TG MEAETNG Oev €dciCav ue cagrvela Meiwon Tou anueiou
ATTOPPAENG QIATPOU aKOPO KAl yIa UWNAEG OUYKeEVTpWOEIG TTpooBétou. H avattuén véwv
TTPoCBETWY PBeATiwong €1BIKA yia €0TEPEG NITTApWY 0&EwV aTToTeAEl TTpayuatikr) TpokAnon. O
Harrington [52] £0ei€e OTI pIKPA TTOOOOTA TOU TTAAMITIKOU KOl TOU OTEAPIKOU 0&EOG TTou
mepIEXovTal oTo NAIEAQIO Kal aTo AivEAQIO au&dvouv anuavTiKd To onueio BOAwong oe oxéon He
TOUG £0TEPEG OAEIKOU 0E€0G. TpoTroTroinon | KaBAPIoPOG AUTWY TWV UAIKWY PTTOPED va £Xel éva
duocavAaAoyo atToTEAEOUA OTIG IDIOTNTEG PONG OE XAKNAEG BEPUOKPOTIEG.

20 10 —
—&— BiovrileA ZoyieAaiou/NtigeA No.1 ~@— BiovrigeA ZoyieAaiou/NTigeA No.1
=—O— BiovriZeA Zoyiehaiou/NriZeA No.2 =—O— BiovrigeA ZoyieAaiou/NrigeA No.2
104 —v— BiovTiZeA ZwikoU Aitroug/NrigeA No.1 —ag— BiovTiZeA ZwikoU AiTroug/NTiZeA No.1
—g— BiovTigeA Zwikol Afroug/NTiZeA No.2 0 { —g— BiovriZeA Zwikod Airoug/NriZeA No.2
0 A
9_ O 104
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3 -10 4 £
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Kar'éyko MooooTé ot BiovTigeA (%) Karéyxo:Nodoars ae Bioveilek (%)

2XHMA 16. MeTtaBoAr Tou onueiou BOAWONG Kal TO onUEiou £KXUONG CUVOPTAOEI TNG TTEPIEKTIKOTNTAG O€
o&uyovouxo TTpoacBeTo (%K.0.). AivovTal atroTeAéopaTa yia diGpopa €idn BIovTiCeA TTou £xouv
XpnoIJoTtroindei wg TTpdobeTa.

2UVEKTIKOTNTA Kal ETTIQPAVEIQKN TAoN

H mpodiaypagry katd ASTM D-445 1rou emTAooEl PEYIOTN TIPA OuvekTikKOTNTOG 4.1 CSt
oToug 40°C emTuyxaveTal he SUOKOAIO atrd Toug HEBUAETTEPES ooyieAaiou OTTWG QaiveETal OTOV
Mivaka 15. O1 TIUEG CUVEKTIKOTNTAG TWV £0TEPWV KpapPBeAaiou kal AiTroug EeTTepvolv auTr] Thv
TIUA KATA TTOAU. Ze KABE TTEPITITWON N OUVEKTIKOTNTA TwWV KaBapwv BiovTileA givar upnAdTepn
QUTAG TOU TUTTIKOU Kaugoipou vTiCeA No.2. YWnAR TIU OUVEKTIKOTNTAG odnyEi o€ KaKr TToioTnTa
OI0OKOPTTIONOU KAUGIOU OTO ECWTEPIKO TOU BAAGOU KAUoNG Kal AlyoTepo €TTaKPIBR AsiToupyia
Twv gyxuthpwyv. Emmpdobera. n ouvekTIKOTNTA TOU PIOVTICEA Kal Twv PIYMATWY BlovTieA auEdvel
TEPICOOTEPO paydaia Pe T Peiwon TnG Bepuokpaciag atrd 0TI AugAveTal N CUVEKTIKOTATA TOU
vTiCeA No 2 [45]. 'Exel ammodeixBei 611 n Tapoudia povoyAukepIdiwv GUUBAAAEl onuavTIKG oTnv
augnon TNG OUVEKTIKOTNTAG Twv PeBUAsoTépwyY coyiehaiou [54]. H emidpaon Tou TTOCOCTOU
BiovTiCeA oTn OUVEKTIKOTNTA TOU MPiyMaTOS €ikovideTal oTo Zxrua 10.
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IXHMA 17. MeTaBoAR TNG KIVNUATIKIAG OUVEKTIKOTNTAG OUVAPTHOEl TOU TTo000ToU BlovTiCeA [Graboski]

MINAKAZ 18. 1Ewdeg kauaiyou vTiCeA No 2 kai S1a@opwV JEBUAESTEPWY AITTAPWV 0EEWV (BIOVTICEA)

Kivnuartik ZuvekTikéTnTa, cSt

—@— MeBuAeoTtépag Zoyiehaiou @40C, [21]
—O— MeBuAeoTépag ZoyieAaiou @20C, [32]
1 —%— MebuAeoTépag Kpappeiaiou @20C, [32]

20 40 60 80
MooooTé BiovrileA (%K.B.)

[Graboski]
BIBA. TTapatTOuTA Biokauoiuo 1EWdeg
(cSt aTouc 40°C)
NTiCeA No 2 2.6

[16] MeBuAeoTépag ooyleAaiou 3.97
[18] MeBuAeoTépag ooyieAaiou 3.77
[20] MeBuAeoTépag ooyieAaiou 4.3
[21] MeBuAeoTépag ooyieAaiou 3.9
[23] MeBuAeoTépag ooyieAaiou 4.08
[24] MeBuAeoTépag ooyieAaiou 4.23
[25] MeBuAeoTépag ooyieAaiou 4.06
[31] MeBuAeaTépag ooyieAaiou 4.32
[43] MeBuAeaTépag ooyieAaiou 4.06
[48] MeBuAeoTépag ooyieAaiou 4.1

Méon TR MeBuAeoTépag ooyieAaiou 4.08
[26] MeBuAeoTépag kpauReAaiou 6.1
[27] MeBuAeoTépag kpauReAaiou 4.48
[28] MeBuAeoTépag kpauReAaiou 4.57
[29] MeBuAeoTépag kpauReAaiou 4.5
[30] MeBuAeaTépag KpauReAaiou 45
[32] MeBuAeoTépag kpauReAaiou 5.65

Méan Tiun MeBuAeoTépag kpauReAaiou 4.83
[25] MeBuAeoTépag (wikou AiTToug 4.47
[43] MeBuAeaTépag (wIKoU AiTToug 411
[44] MeBuAeoTépag (wikou AitTToug 5.83

Méon Tiun MeBuAeoTépag (wikou AiTToug 4.80
[23] AIBuAeaTEPOG ZoyIEAAIOU 4.41
[32] AlBuAeoTépag KpapBeAaiou 6.17
[34] MeBuAeaTépag PoivikéAalou 4.5
[35] AIBUAECTEPOG XPNOIMOTTOINUEVWY PAYEIPIKWV EAQIWV 5.78
[44] AIBuAeoTEPOG {WIKOU AiTTOUg 5.93
[44] BoutuAeoTépag {wikoU AiTToug 6.17
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O1 KauTTUAeG o€ auTh TNV €IKOVa BeiXVouv OTI N CUVEKTIKOTNTA TOU WiyHOTOG €ival JIKPOTEPN
aT1ré auTh TTou Ba gixe UTTOAOYIOTE ATTO €va HOVTEAO YPOUMIKAG TTapEUBOANG TBavoTaTa eCaiTtiag
ToU OTI N didAucn Tou BiovTileA oTo VTiICeA No.2 eAaxIoTOTTOIEI TIG EVOOUOPIOKES OAANAETTIOPACEIG
TTou €ival utrelBuveg yia authy Tnv 1010TNTa. Bdoeig Twv KaptmmuAwv Tou ZxAuatog 10, n
OUVEKTIKOTNTA TWV HIYUATWVY TToU TTepIEXouv 30% K.B. peBuleoTtépa ooyiehaiou i kpapBeAaiou
Ba eival TTAnciov autig Tou vTiCeA No.2.

H emavelaky Tdon gival gia dAAn 1816TNTa TTou €TTNEEACEI TOV DIOCKOPTTIONO KAUTIPOU. TO
MéyeBOG TNG oTayovag Kal GANEG CNUOVTIKEG TTAPAUETPOUG TNG OEC0UNG KOUGIou. YTTApXouv
TTOAU Aiya d1aBéoipa dedopéva OXETIKA PE TIG TINEG ETTIQAVEIAKNG TAONG TWV KABAPWV PIOVTiCeA
KAl TwV PIYPATwy BlovTiCeA. Mia TUTTIKR TIPA €TTIQavelokAg TAong yia kauoiyo vTi¢eA No 2 eival
22.5 dyne/cm otoug 1000C. O Stotler [24] avagépel TIuA em@avelokAg Tdong ion pe 34.9
dyne/cm oToug 60°C yia kaBapd peBuleoTépa coyieAaiou Kai ol Reece kai Peterson [26]
avépepav TP £m@avelakng Taong ion pe 25.4 dyne/cm oTtoug 100°C yia kaBapd peBuAeaTépa
KpauBeAaiou.

A1o0nkeuon Kai euoTabeia

H euotdBeia ocuptrepiAapBavel Tnv Bepuikr euoTdBeia 1600 UTTd BepPég GO0 Kal UTTO WUXPES
OUVONAKeS. TNV avtioTacon oTnv o&eidwon. Tov TTOAUMEPICNO Kal Tn MIKPORIaK dpaaTtnpidétnTa
KATd TNV atmmoBniKeuon Kal Tnv amoppoenaon Tou vepou. H BaoikA TNy aotdbsiag ota Kauoiua
BlovTiCeA cival o BaBuog kopeapoU TG avBpakikAG aAuaidag Tou AITapolU oféog. Av duo N
TEPICCOTEPOI DITTAOI DECMOI €ival TTAPOVTES. TOTE £XOUV KOIVN] evepyn €TTidpaon. Ta YETAAAA Kal
Ta €AOOTOUEPN TTOU €pxXOvVTal Ot €TTa@r ME To PBlovTiCeA katd Tn OIAPKEIQ TNG ATTOBNKEUGNG
pTTOpEl €TTionNg va €xouv emidpacn otnv euoTdBeia Tou. H o&eidwon odnyei oe oxnUATIONO
udpoTtrepoleldiwv. Ta oTroia PTTopei va TTpooBdAlouv Ta €AacTouepry A va TTOAUMEPICTOUV
ONUIoUPYWVTAG KN SIAAUTEG YOUEG.

ApiBuoc iwdiou

O apiBpog 1wdiou (DIN 53241/IP 84/81) atroteAei péTpo ToU PaBuol Kopeopou TOU
Kaugipgou. O un Kopeoudg odnyei oe oxNUATIONO evaTmoBéoewv Kal TTPORBANUATWY €UoTABEIOG
KAt TNV atmmoBnKeuon Twv KAUCipwv OTTwG Trpoava@EpOnke. O ueBuleoTépag coyiehaiou Kal
KpapBeAaiou éxouv TINEG apIBuoU 1wdiou TrepiTrou ioeg pe 133 kai 97 6TTwG QaiveTal atov lNivaka
16. ®aivetal 6T dev uttdpyouv dlabéaipya dedopéva yia e0TEPEG NITTWV AAAG XapnAoTePN TIPN
apiBuou 1wdiou avauévetal PBaciopévn oTo PeyaAuTepo PaBud pn Kopeopou autoU TOU
kauaiyou. H etaipia Mercedes-Benz [55] ye Bdon tnv eutreipiog TG TTPOTEIVEI OTI KAUOIUA ME
apiBud 1wdiou peyaAutepo amd 115 Sev  eival  amodekTd Adyw TwV  EKTETAUEVWV
eCavBpakwpdaTwy. MoAAG kauoiua BiovTieA £xouv apiBuoUg 1wdiou YeyaAUTepoug aTmd auTth TNV
TIUA. €10IKd o1 peBuAeoTépeg Tou coyiehaiou (MMivakag 16). O1 Ryan et al. [56] e€éTacav Tnv xpron
ooylehaiou. nAieAaiou kal PauPakeAaiou o€ KIVNTAPES Kal TTPOTEIVAV OTI N PEYIOTN TIMA TOU
apiBuou 1wdiou Ba Tpétrel va gival pIKkpoTepn atmd 135. TIoAAG kauoiya BlovTideA TTapdyovTal
ammo TTPWTEG UAEG TTOU €ival TTOAU akOpeoTeG. ApPOn TOU [N KOPEOHOU ME yia TTapddelyua
TTPooBrKn udpoydvou odnyei oe emdeivwon Twv IBIOTATWY Pog o€ XaunAég Bepuokpaciss. Oa
TIPETTEI VA YiVEl £pEuUva yIa aveUpean TTPOCBETWY Ta oTToia Oivouv euCTABEIO OTOUG aKOPECTOUG
0e0POUG TWV KAUCTHWY BIOVTICEA (VOTE TO TTPOKUTITOV KAUCIHO VA £XEI ETTAPKI EUCTABEIQ.
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MINAKAZ 19. ApiBuoi iwdiou (euoTdBeia) kauaipou vTideA No 2 kal Sia@opwv BIOVTICEA

BIBA. TapatTouTri Biokauoiyo Ap1Budg lwdiou
NTiCeA No 2 8.6
[17] MeBuAeaTépag ooyieAaiou
[20] MeBuAeaTépag ooyieAaiou 133.9
[23] MeBuAeoTépag ooyieAaiou 135.1
[24] MeBuAeaTépag ooyieAaiou 130.5
Méon Tiun MeBuAeoTépag ooyieAaiou 133.2
[23] AIBUAEOTEPOG GoyIeAaiou 123
[32] MeBuAeoTépag kpauReAaiou 97.4
[32] AIBuAeoTEPOG KpauBeAaiou 99.7
[34] MeBuAeaTépag nAighaiou 125.5
[34] MeBuAeaTépag BaupakeAaiou 105.7
[35] MeBUAECTEPAG XPNOIUOTTOINUEVWY JOYEIPIKWY EAQIWV 63.5

O¢&eidwrikn euarabeia kair apiBudc youag

H o&e1dwTik euoTdBeia peTpdTal pe 10 TTPOTUTTO ASTM D2274. H 'Evwon KataoKeuoaoTwy
Kivnmpwy oTig HIMA [45] éxel avagépel 6T o€ ouykpion Pe 1O vTiCeA No.2. o1 neBUAEoTEPEG
ooyleAaiou Kai AITToug Tav TTOAU TTIO ETTIPPETTEIG OTNV 0&EidwON KATA TN dIAPKEIA DOKIUWY TTOU
mpayuartotroincav. To vTieA No.2 karavdAwoe 10 5% Tou OlaBéoipou ofuydvou. evwy Ol
MEBUAEDTEPEG AiTTOUG KaTavaAwaoav 1o 60% kai o1 peBUAEOTEPEG ooyieAaiou KaTavaAwaoav TO
90% Tou diaBéoiuou oguydvou. O Van Gerpen [54] €xel onuewoel OTI OPICHEVA TTEPIOPICHUEVOU
TT0000TOU TOU [IOVTiCEA OTTWG N TOKOPEPOAN eival QUOIKA avTIOCEIDWTIKA Kal OTI auTd
aTTopakpuvovTal av 1o BlovTieA kaBapideTal katd Tn SIGPKEIA TNG ATTOOTOENG. ZE OUYKPITIKEG
OOKIJEG 0o&eidwong. n TIuR Tou udpotrepoleidiou (atroTeAei PETPO TNG TTOCOTNTAG TWV
udpoTTEPOLEIdiwyY TTOU gival TTapOVTA) augnOnKe TTEPITTOU 4 YopEG TaXUTEPA Yia Eva PeBUAeOTEPQ
ooyieAaiou TTou gixe atrooTaxOei atrd OT1 yia évav TTou dev gixe uttooTel amooTagn. MNapadogwe.
0 OXNMATIONOG TWV UdPOTTEPOLEIDIWY 0dYNOE O€ oNUAVTIKA alénon Tou apiBuou KeTaviou KaTd
™ di1dpkeia autwv Twv PBpaxeiag didpkelag doKIHWY (wG 24 Pépeg). AuTO TTOU TTPOKUTITEl WE
ca@nveia gival 6T aTTaITEITAl O TTPOCBIOPIOUSS PECO ATTO AETTTOUEPEIG BIEPEUVATEIG TOU PEYIOTOU
aTTOOEKTOU £TMITTEOOU UDPOTTEPOLEISiWY TTOU TTPETTEI va €XEl TO BlovTiCeA. AuTh n TTAnpo@opia Ba
TTpETTEl va TTEPIAQPBAvEl TNV eTTIOPACN TwWV UBPOTTEPOEEIDIWY OTA EAACTOWPEPN. OTA UETAAAA. OTIG
1010TNTEG KAUONG. 0TN MIKpoRiakr dpacTnpidTNTa Kal TO oXnuUaTioud youag. Ta Trpoidvta Tng
o&eidwaong 1ou oxnuarti¢ovtal oto PlovTiCeA Ba eTnpedoouv TNV dIAPKEID ATTOBRKEUONG Kal
OUVEIOQEPOUV OTO OXNUATIONO evaTtoBEéoewy OTIG de€auevES. OTA CUCTANOTA KAUGiou Kal oTa
@iATpa. O apiBudg yoéuag armmoTtelei HETPO TOUu OXNMATIONOU Enpwv evattoBéoewv. Kauoipya pe
MeyAAo aplBud 1wdiou utTopei va gu@avifouv emmiong peyadAoug apiBuoug youag. Or Clark et al.
[23] TTpoodidpicav Toug aplBPoUg yOuag Twv PEBUAECTEPWY Kal QIBUAECTEPWY COoyIEAdioU Kal
Bprkav ot givar 16400 kai 19200 avrtioToixa. Mia cuykpioiun Tipf yia T0 kauoipo vTigeA No 2
gival 6-7. O1 Bessee kai Fey [67] €¢étacav TV cupBatdtnTa TWV KABApWwY PEBUAEOTEPWV
ooylehaiou OTTwg emmiong MIYMATwy pe D-2 kai JP-8 pe €61 PETAAAQ KOIVA QATTOVTWHEVA O€
OUuOoTAPOTA KAUGigwy. H doKIury OuveXioTnke yia 6 prveg Pe TTEPIOBIKG OTITIKO €AeyXo Kal
METPNON TOU OUVOAIKOU apiBuou o&éog (Total Acid Number — TAN). 0 otroiog aTroTeAei HETPO TNG
éKTaoNG TG o&eidwaong Tou Kauaiyou OTTwG €TTioNG TNG Taong yia diaBpwaon. Z10 TEAOG Twv
eEaunvwy doKIywy. 0 apiBudg TAN dev eixe auénbei yia Ta Bacikd Kauoiga. Ta oTroia dev
mepigixav ProvtiCeA. OAa Ta kauoiua BiovTiCeA eu@dvicav €ite OpAPATIKA augnan Tou ocuvoAikoU
aplBuou o&fog (TAN) | oxnudmioav evamoBéoelg youag. O1 evamoBéoelg yopag nTav o
ONMAVTIKES yia JETAAAQ TTOU TTEPIEIXaV XOAKO £vW) OI aplBuoi 0&£og ATav uwnAdTEPOI yia deiyuaTta
Tou ApBav o€ emagn Pe XAAuBa kai aloupivio. Ta kauoiya BlovTideA TTou Bacifovral oTn odyia

ISSN:1791-4469 Copyright © 2014, Hellenic Naval Academy
A-97



NAUSIVIOS CHORA, VOL. 5, 2014

EUPAvVICaV COPWS XAUNAOTEPN cuoTdBela ammd To CUUPATIKO KAUOIYO VTiCeA. AuTO eTTiong
TTapatnEninke yia 1o PiovTifeA kpauBeAaiou 6TTwG @AvnKe KATé Tn dIdpKEIa JIEPEUVATEWY TNG
QTTOBNKEUTIKAG TOU €UOTABEIOG DIAPKEIAG 2 ETWV. OTTOU OI TINEG TWV UBPOTTEPOLEISIWV KAl OI TIUEG
apIBuoU oféog TTapatmavw ammo Jia TaEn peyéBoug [32]. Autd atroTeAei 181aiTepn TTPOKANON yia
£peuva oTo PEANOV €18IK& av auTd Ta KAUCIUA TTPOKEITAI VA YiVOUV EUTTOPIKWG ATTODEKTA.

Atmoppdenan vepou kai pikpoBiakn épaoctnpiotnTa

H TTapoucia vepoU oTo KAUOIUO UTTOPEI VO TTPOKOAECEI TO OXNUATIONO OKOUPIAG KAl O€
OuvOUAOHO HE TNV TTapouadia ofEwv Kal udpoTTepoeIdiwy we TTPoidvTa 0geidwang Tou KAUCilou.
pTTOPEl va 0dnynoel oe diIdRpwaon. To vepd gival €TTIONG ATTOPAITNTO CUCTATIKO YIA TNV AVATITUEN
MIKpoBiwv. n otroia utropei va cupPei otnv diem@Aveia PETAEU KAUGIMOU Kal OTToIadNTTOTE
eAeUBePNG €vudpng @AoNG. ZUPQwva Pe TO TIPOTUTTO ASTM D-975 n péyIOTn ETMTPETTTN
OUYKEVTPWON VEPOU OTO Kauolpo vTiCeA D-2 cival 500 ppm. Kabwg n d1aAutdTnTa TOU VEPOU OTO
kauaoiyo D-2 gival yévo trepitrou 60 ppm (oToug 25°C) [58] otmoiadrTToTE TTOGOTNTA VEPOU TTAVW
até autd Ta emmieda Ba gival TTapoloa wg EEXWPIOTH GAan €iTe oTov TTUBPEVA TNG OEEAUEVAG
Ba eival diaAupévn wg YoAdkTwua. Aedopéva yia Tn S1IaAuTOTNTA TOU vEPOU gival dlabéaiya yia
MeBUAeoTEPa ooyieAaiou Kai yia éva piypa Tou (20%) e vTiCeh D-2 [54]. H diaAuTdTnTa TOU VEPOU
oTo PeBuAeoTEPa aoyiehaiou BpéBnke OTI ivarl ion pe 1500 ppm evwy povo 40 ppm (pia TIPEA TTou
BewpnrBnke oTaTioTIKG idla pe Ta 60 ppm TTOU avagEpBnkav oTnv avagopd [58]) diaAuBnkav oTo
Miyua B-20. KaBapoi €otépeg TTOU UTTORBAAAOVTONI O€ TEXVIKEG ETTEEEPYAOIAC CUMBATIKWV
Kauaoipwy gival TToAU mBavé va KopeoTouv pe vepd. 'ETOI JETA TV avAPIEn TOU KAUGIOU TTou
£xel kKopeaOei pe vepd pe D-2. uia Eexwplot €vudpn @don Ba oxnuaticBei. n otroia Ba
atmmoTeAéoel PEPOG yia avaTTTuén MikpoBiwv. Ta PBiovTiCeA TTou TTapAyovTal atrd COYIEAQIO Kal
KpapBEéAaio gival dueca BiodiacTraciya Kal eTTAEoV. N TTapoucia Tou BiovTileA oTo piyua (B-20)
evioxvel TV PBiodlaoTmacigdétnTa Twv KAuoigwyv VvTigeA TToU TTapdyovtal atrd 1o TTETPEAAIO
TTapoucia vepouU [32]. MapoAautd @aiveral 6T dev utTadpyouv dlaBéciua dedouéva atrd OOKIUES
OXETIKA pe TNV €Tidpaon TnG MIKPORIOKAG dpacTnpIidTNTAG OTa KaUolya BIovTiCeN katd T
dldpKeIa TNG aTmmoBrikeuong N yia TNV xpnon TTPOcOETWY yia TNV TTAPEUTTOdION TNG avATITUENG
HIkpoBiwv. MNapatnprdnke €miong Katd Tn SIAPKEIA EVOG TTPOYPANPATOG ETTIOLIENS YIa TN XPAON
BlovTiCeA oe Aew@opeia. n avaTtuén pouxAag otn de€apevr] atrobrikeuong Tou [106].

Mpodiaypa@ég KAUTTUWY VTiCeA

Ta dedopéva yia TIG 1810TNTEG BlovTieA TTOU OXOAIACBNKAY TTAPATTAVW Kal Ta ATTOTEAECPOTA
ylQ TNV CUUTTEPIPOPA Kal TIG EKTTOUTTEG PUTTWV TA OTTOI0 OKOAOUBOUV aTTodEIKVUOUV IO JEYAAN
dlokUpavon Twv IBIOTATWY Kal Twv ETOPACEWY 0T ATTOdoon Kal OTIG EKTTOUTIEG PUTTWV TOU
KivnTApa avaloya pe 1o €idog Tou BlovTiCeA TTou XpnoipoTrolsital. Mia Ti@avr) aitia yia auto gival
TO YEYOVOG OTI Oev €XEl Yivel KauId TTPOoTIABEIA yia va eEac@aNIoTEl 0TI OAa T KaUoIUA BIovTiCeA
TIANPOUV TO idI0 TTPOTUTTO TToIOTNTAG. To EBVIKG ZuppBoUAio BiovtileA (NBB) £xel avamTugel éva
KQAVOVIOTIKG TTPOTUTTO YIA KAUCIUG TTOU TTPOEPYOVTal aTTd odyid. TO OTTOi0 TTAPOUCIAZETal OTOV
Mivaka 17 padi ye €va avtiotoixo yepuavikd poTutro DIN yia To peBuAecTépa kpauBeAaiou. H
‘Evwon KataokeuvaoTtwv Kivntipwyv (EMA) otig HMA [45] éxel diaknpu&el OTI n avaTiTuén evog
TETOIOU KOVOVIOTIKOU TTPOTUTTOU €ival ammapaitntn av KATTOIOG KATOOKEUOOTHG BeAncel va
eTTeKTEIVEI TNV KAAUWN TNG €yyunong kal oe kivnTApeg PiovtiCeA. H EMA [45] TrapabéTel éva
oNMavTIKO apiBud TTEPIOXWYV evOIAQEPOVTOG TTOU Ba TTPETTEl va £€eTacBoUv atrd To NBB oxeTikG
ME TIG TTPOBIAYPAPES TWV PBIOVTICEA OTTWG €ival N CUVEKTIKOTATA. O 1I810TNTEG POAG. N OLEIBWTIKN
euoTaBeia. n dIGBpwaon. n €AelBepn peBavOAn Kal Ta TTAPATTPOIOVTA €OTEPOTTIOINONG KAl N
BioAoyikn avaTrtuén. MNa ToAAEG aTTd auTEG TIG 1IB1OTNTEG OTTWG Eival N 0&EIBWTIKN EUCTABEIA Kal O
apIBUOG otfog dev €xouv avatrtuxBei TTpéTUTTa. Ta atmoTEAECPATA TTOU TTapoucidobnkav o€
TTPONYOUUEVEG TTapaypPAPoug £0e1Eav OTI dIauOPPWaOn TTPOTUTTWY VIO AUTEG TIG 1810TNTEG €ival
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Kpiolun yia Tnv euTTopik avaTtuén Twv Kauoipgwy PlovTifeA kal €épeguva Ba TTPETTEL va
TpocavatoAioBei yia Tn dilaudpewan Toug. MNpooTTdbeleg TTOoU €xOuV Yivel aTTd £pEUVNTEG YIA VA
dlao@aAicouv 6T Ta BIOVTICEA TTOU XPNOIYOTTOIOUV IKAVOTTOIOUV Ta TTPOTUTTA Tou livaka 17 Ba
odnynoouv o€ aTroTEAETUATA O€E TTIO AEIOTTIOTA ATTOTEAECUATA O€ OXEON WE TO TTAPEABOV.

MINAKAZ 20. lNpoTeivouevo TTpdTUTTO TTPOdIAYPAPWY YIA TIG I010TNTEG TOU PIOVTICEA [45]

MéBodog

Movdada MéTono NTIZEA MeBuAeoTépag MeBuAeoTépag
Idi6TnTO Métpnong (H rF]NA)ﬂC (ASTM D975) 2oyleAaiou KpauBeAaiou
T (MpdTutro NBB) (DIN V 51606)
MukvéTtnTa atoug 15 (°C) glcc ASTM D1298 ) 0.86-0.90 0.875-0.900
IEwdeg oToug 40 (°C) mm?/s (cSt)  ASTM D445 1341 1.9-6.0 3.5-5.0
Znueio AvagAegng °C ASTM D93 52 min 100 min 100 min
Wuxen
améepagn @iATpou
O¢pivr| TTEPiOdOG °C ASTM D4359 * MeAdTng -
XelpepIvA TTEPiodog °C -20 max
2nueio ‘Ekxuong
Ogpivr) TTEPiIOdOG °C ASTM D97 * MeAdTng -
XelyepivA epiodog °C -
MoooaoTo Beiou %K.3. ASTM D2622 0.05 max 0.01 max 0.01 max
O¢gpuokpacia  avakTNong
OUMTTUKVWHATOG
5% °C ASTM D1160 Kavéva Mptmer — va
KaBopIoTEi
95% °C 282-338 Kavéva Mpémer — va
KaBopIaTei
Katdhoimra avBpaka %K. ASTM D189 0.35 max 0.5 max 0.3 max
Coradson
ApIBu6G KeTaviou ASTM D613-86 40 min 40 min 49 min
MepiekTIKOTNTO OE TEPPQ YoK.B. ASTM D482 0.01 max 0.02 max 0.01 max
0,
MepiekTIKOTATA VEPOU ASTM D1796 g]gi vol % OmTiko 300 mg/kg max
ZwHaTIBIOKS UANIKO g/m3 DIN 51419 - OT1ITIKO 20 max
AiaBpwan xahkoU (3 hr ASTM D130-88 3 max 3 max 1 max
oToug 50 °C)
Eunaesla évavr g/m3 ASTM D2274 Mpérrel ] va
o&eidwong KaBopioTei
. . MpéTel va
Ap1Bu6s o&fog mg KOH/g ASTM D664 KaBOPIOTE 0.5 max
MepiekTIKOTNTA og Mpétel va .
LEBAVOAN YoK.B. KOBOPIOTEl Kavéva 0.3 max
MovoyAukepidia %K.B. Mpémel VY Kavéva 0.8 max
KaBopIoTei
AyAukepidia %K. B. Mpérel VO kavéva 0.1 max
KaBopIoTei
. Mpétel va .
0,
TpryAukepidia YoK.B. KaBOPITTE] Kavéva 0.1 max
. Mpérrel va
0, - -
"Aukepivn (Bound) %oK.[3. KaBopIoTEf
. . Mpérel va [pétel va
0,
KaBapn yAukepivn Yok . KkaBopioTei KaBopioTei 0.02 max
. . Mpérel va [pétel va
0,
2uvoAIKr YAukepivn YoK.[3. KaBopIoTEl KaBopIOTEl 0.25 max
Ap1Bu6g 1wdiou DIN 53241/IP84/81 - Kavéva 115 max
|_|€’pI£KTIKOTI"|TG o€ mglkg DGF C-V14 Mpétel va 10 max
PUOEPOPO KaBopIoTEi

ISSN:1791-4469

Copyright © 2014, Hellenic Naval Academy

A-99



NAUSIVIOS CHORA, VOL. 5, 2014

EMIAPAZH BIONTIZEA ZTA XAPAKTHPIZTIKA AEITOYPTIAZ
KINHTHPQN NTIZEA

Ei1d1k KatavadAwon Kaucipou

>& TPOCOATEG PEAETEG. N KATAVAAWON KAUGiUoU UTTOAOYIeTal aTTO TIG EKTTOPTTEG DlogEIdiou
Tou GvBpaka kal amd TV avadAluon Tou TTooooToU AvBpaka Tou Kauaipou. Mia 1o akpIBAg
TTPOCEYYION €ival 0 CUVOUAOUOG TwV PETPACEWV eKTTOUTTWV CO, pE BAPUUETPIKN avaAuon Tng
KatavdAwaong kaugoigou. H apeBaidtnta Twv TIWWY KATAVAAWONG KAuaiyou atrd Tnv agloTroinon
TWV METPNOEWV EKTTOPTIWY CO, povo eival amapaitnta PeyaAUTEPN aPoU Ol EPEUVNTEG dev
TIPOCTTIAB0UY va £E1I00PPOTTACOUY TO 1IG0CUYIO ATOPWY AvBpaKa PETAEU KAUGIOU KAl EKTTOUTTWV
pUuTTwv. H mrpocéyyion e€ilcoppdTnong Tou Iogoluyiou dvBpaka PeTagU Kauoigou Kal pUTTWV
TpoTdonke atd Toug Graboski et al. [19] yia peBUAEOTEPEG OOYIOG KAl UiYHATO QUTWY WE VTICEA
No.2 1ou dokiudoBbnkav o€ €vav TETPAXPOVO KIVNTAPA VTICEA XPNOIMOTTOIWVTAG TO TTPOTUTIO
QOKIHWV PETARATIKAG AsIToupyiag yia KIVNTAPES VvTiICeA BapEéog eopTou Tou pageiou MNpooTaciag
MepiBaAroviog (EPA) Ttwv HIMA. O Mivakag 18 Ttrapoucidlel Ta atmoTeAEOUATA yia Tnv
KatavadAwon kaugoigou auTtAg Tng epyaciag oe Btu/bhp-hr (1 Btu/bhp-hr = 0.0141 MJ/kKW-hr). ¢
QUTEC TIG OOKIMEG N TTOOOTNTA Tou AvBpaka TTou €ICAYETAI OTOV KIVNTAPA KAl QvTioToIXN
TTOoOTNTA TTOU €GEPXETAI ATTO AUTOV PEOW Twv pUTTWV dIEpepe AiyoTepo ammd 2%. H péon
a1rOéKAION TNG KAaTtavaAwong Kauoiyou pe autr) mn pébodo eivar trepitrou 1.5%. Ta amotéAeopa
£deigav pe oagrveia Ot o Babudg atrdédoong sival aveEAPTNTOS TNG KATAVAAWONG KAUTIiOU.

O Nivakag 19 mapoucidlel Ta aTTOTEAECUATA OIKOVOUIOG KAUGIHOU yia Hia O€Ipd KIVvQTHPWY
TToU AcitoUpynoav Pe PBIOVTICEA pe Xprion Kal XwpPig TN XPAoN KaTtaAltn OTTWG ETTIONG KOl WE
OlaopeTikéG TTpoTTopEieg €yxuong. O1 PETABOAEG TNG TTPOTTOPEIOG £€yXuong TTOU €EETACONKAV
kKaté mn didpkeia NG Asitoupyiag pe BiovTieA gixav okoTrd Tnv EAAEIPn TNG €MIdEIVWONG TWV
ekTTOPTTWV NOX TTOU TTAPATHBNKE PE AUTA Ta KaUuolua. Mevikd. auTtd Ta atmoTeAéopaTa £B€IEav OTI
n mpooOnkn BlovTieA oe kauoiuo vTiCeA No.2 dev eixe ouciwdn emidpacn OTnNV OIKOVOUia
Kaugigou. EvTOg TNG akpiBeiag autwy Twv AtToTEAECUATWY. N XPAON KOTAAUTN Kol N hEiwon TG
TIPOTTOPEING £YXUONG VIO TOV EAEYXO TwV EKTTOPTTIWY NOX dev £l ETTIONG ONUAVTIKN £TTIOpAON
OTnV OIKOVOouia Kaugsigou Tou KivnTApa. EKTOC amd peTprioci METAPATIKAG A&iToupyiag.
UTTAPXOUV JIABECIUG ATTOTEAECUATA HETPAOEWY KATAVAAWONG KAUTIMOoU atrd OOKIKMES KIVNTHPWY
oe dIaQOpPETIKEG ouvOKes Asitoupyiag. MNa TTapddeiypa. o1 Clark et al. [23] e¢étaocav Tn xprRon
vTiCeA. peBuAeaTépa coyiehaiou Kal alBUAECTEPA ooyieAaiou o€ évav UTTEPTTANPWHEVO KIVNTAPO
John Deere 4239TF apéoou £yxuong O OTTOIOG NTAV OUVOEUEVOG UE NAEKTPIKA TTEDN. H €18Ikn
KatavAAwaon Kauaiyou. n poTTA Kai N TTPayuaTikr 1I0XUG OTo TTAPEG POPTIO CUOXETIOONKE AUECT
ME TN Beppoyodvo duvapn avd povada OyKOoU TwY KAUCIwV.

MINAKAZ 21. AtTroTeAéopaTa JETPAOEWY YIa TNV €I0IKA KAaTavAAwaon Kauaiuou yia BIovTiCeA (UEBUAEOTEPES
ooyiehaiou) kal piyparta BiovriCeAkauaipou vigeA No 2 TTou eAA@Bnoav Pe To KUKAO PHETARATIKAG
Aerroupyiag EPA yia tov kivntipa DDC Series 60 [19]

BiovTiCeA Extmouttég CO, EIdIKA kaTtavaAwon Kauaiuou

(%) (Btu/bhp-hr) (Btu/bhp-hr)
0 7176 7326
20 7040 7192
35 7080 7130
65 7006 7133
100 7038 7038

MéEan Ty — TUTTIKE oTTOKAION 7068 - 66 7164 - 106
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MINAKAZ 22. AtroteAéopata yia Tnv €10IKA KatavaAwaon kauaipou (Btu/bhp-hr) amé peTprioeig mou
TTPayHaToTToINenKav o€ dIAPOPOUS KIVNTAPES VTICEN e KATOAUTN OLEidwaong Kal eETABOAR TTpoTTopEiag

Kauoipo PuBuioeig kivnthpa DDEC MuUI DDEC MUI MECH- MUI

6V-92- 6V- 6V-92 6V-92- L-10 6V-
TA 71N TA 1981/1989 1987 92TA

1991 1977 1988 1987

MapoatTouTrh [59] [60] [41] [61] [24] [24]
DF-2 EpyooTooiokég 8593 8374 8426 8735 7252 8911
B-20 EpyooTaoiokég 8529 8439 8258 8759 7192 8837
B-20 MeTaBoAn TpoTropeiag 8599 8375 8875 8874 7066 8873
B-20 MeTapoAn TpoTropeiag + 8580 8835 8421 8835 7138 8819

Xpnron o&eIdwTIKOU
KATaAUTN
MeTapoAr TpoTropeiag 3 4 1 2 ; :
(Moipeg ywviag
OTPOPAAOU)

Ta TeploodTEPA ATTO aAUTA Ta aTToTEAéTPATa divovTal oTo XXAMa 11, TO oTToio TTapouciadel Ta
aTmoTEAEOPATA €IBIKNAG KATAVAAWONG KAUCiHoU yia Kauolua BiovTieA kal piypata BiovTideA TTou
ouyKpIiBnKav Pe PETPAOEIS yIa Kauaiho vTiCeA No.2, ol oTToieg £yivav SoKIPEG dedopEVoU OnuEiou
AeiIToupyiag kai geTaBatikAg AeIToupyiag Kal KOAUTITOUV éva PeyAAo eUpog TUTTWV KivnTipwy. Ta
Miypata BiovtiCeA petaBaAdovtav amd 10% wg 100% o€ BiovrileA kai cupTrepIAGuUBavav
MeBUAeoTEPEG, aIBUAEOTEPEG Kal BOUTUAEOTEPEG OoyieAaiou Kal AiTtoug. OTTwg @aivetal oTnv
Eikéva. n oikovopia kaucigyou e€ival aveEdpTnTn TOU WiyUATOG KAUGIMOU HE TO OTTOIO
TPOo@odOoTHBNKE O KIvnTAPaGS. 'ETOl Ta 0QEAN ammd TNV UTTOKATAOTOON TOu TreTpeAaiou atrd
BiovTiCeA e€apTwvTal aTTd TNV GUVOAIKI TOU TTOIOTNTA Kal OXI atrd TO TTOC0OTO avauiEng Tou.

11000

10000 -

7000 4

6000

Ei5ik KaravdAwon BiovTi{eA, Btu/bhp-hr

m T T 1 L T
5000 6000 7000 8000 9000 10000 11000

E15ikf KaravdAwon NTifgA No.2, Btu/bhp-hr

2XHMA 18. ZUyKkpion TTEIPAPATIKWY ATTOTEAECPATWYV €I6IKAG KATAVAAWONG Kauaiyou PeTagu vTiCeA No.2
Kal BlovTigeA
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APKETEG DOKIPEG TTOU £yIvav O TTPAYMATIKA oXAMaTa €TMRERAIWVOUV TO OTTOTEAECUOTA
OOKIJWYV TTOU éyivav O€ epyacTnpiakoug kivntipes. O Battelle [63] dnuocicuce atroteAéopaTa
OXETIKA pe TN Xprion diyuatog peBuieotépa ooyie3Aaiou kai vriCeh (B-20) 1Tou €yivav oTa
TAQicla evog TAOTIKOU Trpoypduuatog oto St Louis Ttwv HIA. Auté 10 Tpdypauua
mepieAduBave Tnv Kivnon 5 Aew@opeiwv pe 1o pivua BiovTifeA B-20 kai Tnv Kivnon 5 Aew@opeiwv
Me vTiCeA No.2. KaBe oudda Asew@opeiwv mTpaypatotroinoe 81adpopég ouvoAikoU prikog 200000
km. Ta Asw@opeia TTou KIvouvTav Pe cupBatikd Kauoiuo vTileA BpiokovTiav o€ KukAogopia 7
NUEPES TNV €RBOPAdA evy Ta Aew@opeia TTou gixav Miypa BiovTiCed kai vTieA kukAo@dpnoav 5
nuépeg TNV €Bdouada. H katayeypaupévn autovopia kauciyou rirav 3.76 miles/gallon yia Ta
Aewe@opeia Tou ékaiyav piypa BiovtiCeh B-20 kai 4.01 miles/gallon yia ekeiva tmou ékaiyav
oupBaTikd Kauaolpo vTiCeA (6% peiwon autovopiag). MNapdAo TTou avapevoTav pia aTTWAEID TNG
TaENG Tou 1-3% egaitiag TNG XAPNAOGTEPNG KATAVAAWGONG KAUGIUOU. N OTTWAEIa ATAV PJeyaAUTEPN
XWpig va doB¢i €¢riynon yia auth Tnv dlagopd. Aev €yive aAAay KAQUOigwv yia éva dedopévo
Aewogopeio. ETriong 1o péyebog Tou oTOAOU Asw@opeiwv ATAV TOOO MIKPS £TOI WOTE SIOPOPES
oTov €COTTAIOUO va PNV £€X0OUV ONUOVTIKH ETTIOPACN GTNV AUTOVOUIa Kauaidou. Aedouéva OXETIKG
ME TO QOPTO £mMPBATWV Kal TIG dIAdPOUES TTOU akoAouBnoe KaBe Asw@opeio dev diaTédnkav.
ETTopévwg OAWV QUTWV TWV a0OQEIWY O0Th oXedioon Tng dlIEPEUVNONG. N OIKOVOUIa KAugiuou
Bdaoel Tou evepyelokoU TTEPIEXOUEVOU TWV KAUGINWY Ogv €TTNPEACONKE OUCIWOWG aTTd TNV
avauign Tou PiovTifeA pe TO VTICEA.

H etaipic ATE Management and Service [64] ©&nuoocicuce Ta ATTOTEAECUOTA  MIAG
dlgpelvnong Trou éyive atrd 1o Cincinnati Metro. Z0p@uwva pe auth €yiva doKIPES a€ 6 Aew@opeia
He HEBUAeoTEPA ooyieAaiou oe TToooO0TO avauigns 30% (B-30). Téooepa Asw@opeia egixav
eComrhioTEl hE KivnTAPES TUTTOU MUI (1987) kai duo e dixpovoug kivnmpeg DDC 6V-92 (1989).
Mpiv atrd TN dlevEpyela Twv DOKIPWY EYIVE pUBPION OAWY TWV KIVNTAPWY Kal EYKATAOTACH VEWV
eyxutipwy. lMNa kdbe Asw@opeio TTpocdiopiobnke n Paciki KauTTUAn Acitoupyiag (baseline
operation) pe OoKINEG TTOU €yivav o€ TTEDN OXNMOTOG ME KaUolyo D-2. Z1a Aew@opeia dev
avaTédnke n Kivnon o€ dedouéveg TTPOdIAYEYPAUMEVESG DIAOPONEG E ATTOTEAECOHA TO KaBEva va
£€pBel avTIHETWTTO PE  OIOQPOPETIKEG KUKAOQOPIAKEG OUVOAKeG. Ta atroteAéopata yia Tnv
auTovopia Kauaiyou TTou 6BnKav yia KA Aswopeio £deigav O auth ATav Katd péon TN 5%
XOUNAOTEPN Yia TO Kauolgo B-30 oe oxéon pe 1o KaUolyo vTieh. H avapevouevn peiwon tng
QUTOVOWIaG Kauaiyou yia 1o piyha Blovti¢eA atmodidetal oTnv peiwon NG Bepuoydvou duvapn
Katé 3.2%. H ocupowvia petagl peiwong Bepuoydvou dUvaung Kal auTovouiag Kauaiyou eival
€CQIPETIKA yIa TETOIOU €idOUG digpelivnon.

O Daniel [65] dnuocicuce atmroteAéopata ammod £va TAOTIKO TTPOYPAUMG Xpriong PIovTieA
otnv TmoAiIteia Tng Washington otig HIMA. Auth n digpelvnon agopouce TNV unviaia KaAuywn
104000 piAiwv pe xprion PiovtiCeh peBuleoTépa ooyiehaiou 20% K.B. To Baoikd kauoiuo dev
TpoodiopioBnke. H digpelivnon £0€i1&e OTI dev UTIAPEE ONPAVTIKA WETABOAN OTnV oOIKovouia
Kaugigou Twv KivnTApwy 1991 kai 1993 AV-92TA DDECII. H avauevéuevn petaBoAn Ba frav
2.2% atTwAEgIa OTNV OIKOVOia Kauaiuou.

O1 Howes kai Rideout [67.68] e€étacav TIG EKTTOUTTEG PUTTWY KOl TNV OIKOVOMIa Kaugiuou
OUO AOTIKWV AEWQPOPEIWV XPNOIUOTTOIWVTAG TPEIG KUKAOUG TTOANG yIa Asw@opeia Pe KAUOIPO
vTiCeA Kal piypa peBuleoTépa ooyiehaiou 20% (B-20). ETriong mpaypartoTtroinocav SoKIPEG PE TO
Kauoigo B-20 yxpnoigotroiwvtag KataAutn NOx kal petaBdaAlAovTag TIG TTpoTropeieg £yxuong. O
Mivakag 17 &eixvel TNV QUTOVOMIa KAUGiOU 0€ mpg TToU UTTOAoyioBnke pe BAON TIG EKTTOUTTEG
CO2. Agv uttdpyouv dedouéva OXETIKA PE TN oUCTACN TWV KAUCIYwY o€ auTr) Tn digpelvnon Kal
Oev dleukplvioBnke €dv 10 Kauoiyo B-20 eixe Tapaxdei pe avauién pe 1o KAUoIPo vTiCeA TTou
XPNOIKOTTOINONKE yia TIG HETPAROEIG avagopds. O lMivakag 20 deixvel 6T dev UTTAPEE oNUAVTIKA
ETTIOPOCN OTNV AUTOVOMIa Kauaiyou atd Tnv TTPocOAkn BiovTifeA 0TO KAUOIPNO TOCO PE aAAayn
NG TIpoTTopEiag €yxuong katd 1.50 ywviag oTtpo@dAou 600 Kai xwpig auth. O BaBuoi
EUTTIOTOOUVNG TWV ATTOTEAEOUATWY CUUTTEPIAQUBAVEI TNV avapevouevn atmwAeia Tou 2.2% oTtnv
QUTOVOWia Kauaiou Pe BAon TNV PEIWOT TOU EVEPYEIOKOU TTEPIEXOUEVOU TOU MiyHaTog Adyw TNng
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TIPOCONKNG Tou Blokauaipou. H TTpoaBnkn evog KataAlTn TTPoKAGAeoe atmwAela 6.2 kal 8.3% yia
TOUG KIvNTAPES 6V-92 kai 8V-71 avTtioToixa. AuTtd ogeileTal TBavATNTA OTN £TTIdPACT TNG TTIECNG
avTiOAiyng (back pressure) oTtnv AsiToupyikr] ammodoon Twv KIVNTAPWY OVELAPTATWS TOU
Kaugipou TTapdAo TTou dev ava@EPOVTal O€ QUTA TNV Epyacia JETPAOEIS TTieong avTiBAIYNG.

MINAKAZX 23. MNeipapatikd amoTeAéopaTa yia Tnv autovopia oxrparog (mile/gal) [67,68]

KGKAOC 0BAYNaNG PuBpioeig kivntipa BiovTiCeA 1988 DDC 6V-92TA 1981 DDC 8V-71
(%) (miles/gal) (miles/gal)
CBD EpyooTaciakég 0 3.69 3.59
CBD EpyooTaciakég 20 3.68 3.63
CBD MeTaBoAr TpoTTopeiag 20 3.54 3.59
CBD KaTaAlTng ogeidwong 20 3.35 3.18
CBD MetaBoAn mrpotopeiag & 3.26 3.30
KaTaAlTng ogeidwong
AOTIKOG EpyooTtaciakég 0 4.67 3.92
AOTIKOG EpyooTaoiakég 20 4.72 3.91
AoTIKOG MeTaBoAn TpoTropeiag 20 4.89 3.93
AoTIKOG KataAuTng o&eidwong 20 4.64 3.40
AGTIKOC '\K"”O‘B?m TIpOTIOPEIag & 5 4.56 3.84
ataAuTng o&eidwong
2UvOeTog EpyooTaciakég 0 3.70 3.66
2UvOeTog EpyooTaciakég 20 3.63 3.52
2UvOeTog MeTaBoAr TpoTTopeiag 20 3.50 3.63
> 0vBeTog KaTaAUTng ogeidwong 20 3.34 3.21
S GVOETOC MetaBoAn mpomopeiag & 3.33 3.43

KaTaAuTng ogeidwong

ZUPOWVA JE TTEIPOAUATIKEG JETPAOEIG OE PHOVOKUAIVOPO KIvNTHAPQ VTiICEN auéoou €yxuong Je
oupBatikd kauoiya vTiCeA Kai piyuata pe BiovTiCeA kpauBeAaiou (RME) [109] (BA. ZxAua 12). n
TTooooTIaia emdeivwon TNG €10IKNAG KATAVAAWGONG KAUGIUOU TToU TTapaTtnperdnke Katd Tnv kauon
kauaiyou pe RME gival Trepitrou ion A Kal JIKPOTEPN TNG TTOCOCTIAIAG YEiwoNG TNG Bepuoyovou
ouvaung oe oxéon ue 70 ocupBaTikd vTideA T1.xX. av gival 5% n peiwon Tng Bepuoydvou duvapn
oTnv TepPiTITwon Tou piygatog RME. n aténon Tng €181kNg KatavdAwaong Kauaigou dev EETTéEpace
10 3% OTTWG PAIVETAI OTNV TTAPAKATW EIKOVA.

7
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ZXHMA 19. NoocooTiaia peTafoAr Tng €10IKAG kKaTavaAwong Kauaigou katd Tn kauon cuuBaTikou

Kauaipou vTieA (DI1) pe LHV =43.03 MJ/kg. piypartog DI1 pe 30% k.. BiovTiCeA kpapPBeiaiou (RME30)
pe LHV = 41.22 MJ/kg kai piypotog DI1 pe 30% k.. pe yAukoAaiBépeg (GLY30) [109]
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Me Bdon Ta TTpoavagepBivia atroTeAéopaTta. n xeRon Tou KaBapou PBIovTiCeA Kal PIYHATWY
vTiCeA pe BlovTiCeh odnyei o€ ATTWAEIEG TNG AQUTOVOMIAG yia oXAMATA 1 TNG €I0IKNAG KAaTtavAaAwaong
KQUGihou yia KIvNTAPEG avAAOYEG 1 OKOUA KOl MIKPOTEPEG OE OPIOHEVEG TIEPITITWOEIG TNG
Meiwong TnG Bepuoydvou duvaung e€aitiag TG TTapouadiag ofuyévou oTo PiovTileA. e KAOe
TepiTTwon dev avapéveral BeAtiwon i emdeivwon Tou BaBuou amddoong Tou KIvnThPA.

Potrj kau ETiTdyuvon

H potrj tmou avamtiooel €vag KIVNTAPAG OXETICETAI PE TO EVEPYEIOKO TTEPIEXOPEVO TOU
Kaugipou. Anuooisupéveg epyaaieg £xouv Oei€el PEIWOEIG TNG POTTAG KIVNTAPWY KATA TN XpHon
HIYMATWY BlovTiCeA kal kaBapou Biovtieh. O1 Graboski et al. [19] BpAkav OTI N PEyIoTn POTN
MEIWONKE e TN xprion MiydoTog BiovTifeA xpnoipgotroiwvias wes Bacikd kauoiyo vriCeA No.2
OTTw¢ @aiveral otov lMivaka 21. H katayeypaypévn POt OTnV TTEPITITWON XPHong kabapou
BiovTiCeA €@Baoe 01O 94.6% TNG QVTIOTOIXNG POTING TTOU PETPRBNKE KOTA TN XPAON Kauoiuou
vTiCeA No.2. AuTi n TTaPATAPNON BPICKETAI O€ IKAVOTTOINTIKI) CUPQWVIa JE TNV UEiwon oTh POTTA
TTOU avapevoTav e¢aitiag NG Peiwong TnG Beppoydvou duvapng oTnv TTEPITITWON Tou BIOVTICEA.
H péyiotn portrr) dev eTTNPEACeTal ONUAVTIKA yIa Xprion JiypaTtog vTiZeA kai BIovTideA yia TTooooTd
avapigng wg 35%.

H etaipia Ortech International [18] dnuocicuoe atroteAéopaTta yia évav Kivntripa DDC 6V-92
TA oUpowva pe Ta otroia dgv TTApaATNPABNKE ONPAVTIK MEIWoN TNG POTTAG yIa TTOCOOTA
avapigng ProvtiCeA wg 40%. AuTtr n TTapatipnon €ival 0 Cup@wvia e TIG TTpoavapepBeioeg
TTOPATNPNOEIG TTOU €yivav yia Tov Kivntripa Series 60. & pia deltepn epyacia Tng Ortech
International [69] €yivav dokipég o€ évav KivnTApa Cummins NI4 kal TTapatnprdnke peiwon Tng
MEYIOTNG POTTAG HE TO iBI0 TTOCOOTO OTTWG N TTUKVOTNTA EVEPYEIOG YIA TA HiypaTa BIOVTICEA.

MINAKAZ 24. Emidpacn Tou TTooooToU avauigng he BlovTifeA otn YéyioTn poTrh Tou KivnTApa. Ol
METPRoEIg agopouv évav KivnThpa vTi¢eA DDC oeipdg 60 Tou 1991 [19]

MoocooTo BioviCeA (%) - ApiBuog dokiug  Méyiotn Pot ft-Ib (1200 cal)

0 - 1056 1283
0-1071 1279
0-1085 1278
0-1111 1286
20 - 1064 1275
65 - 1117 1270
100 - 1091 1210

O Z1paté¢ Twv HINA Tpayuartotmoinoe OOKIYEG E€MITAXUVONG KAl papdou €AgnG OTIg
eykaTaoTdoeig Tou otnv Yuma Ttng Arizona pe 5 dIa@QopeTIKG oTpaTiwTIKG oxAuarta [70]. O
OTPATOG XPNOIYOTIOINOE TTPOCOATA WG KAUOIYO OTO TTEdio paxng 1o JP-8 o€ avTikatdoTaor Tou
vTieA No.2. To PiovTifeA €xel peyaAutepn Oeppoyovo duvaun amd 1o JP-8 kal utopei va
TTPOoKOAEoel peiwon TG aiBdAng. ‘Eva piyua 20% BiovtideA pe JP-8 édwoe 6.8 kai 5.6%
MIKPOTEPOUG XPOVOUG ETTITAXUVONG YIA £va OXNUA HETAPOPAES QOPTIO Kal Eva QOopTNYO HETAPOPAS
TIPOOWTTIKOU 0€ oxéon ME T AEITOUpyid QUTWV Twv OXNUATWY povo pe JP-8. Tpia GAAa
OTPATIWTIKA oxNpaTa dev £de1Cav Kapid diagopd oTn POTI PETAEU Tou WiypaTtog kai Tou JP-8. Ol
Xpovol emTayxuvong €mosivwbnkav yia 6Aa T1a oxnuara katd 11-14.5% o6tav 10 piyua JP-
8/BiovTiCeA ouykpiBnke pe To Kauaoiuo vTiCeA No.2. O1 dokipég e papdo €AgnG kataypdgouv TNV
poTr TTou aTrodidel To Oxnua. Me Tnv €faipeon evdg. OAa Ta oxAMaTa Trapouciacav idia N
augnuévn TiuR potg €AENg Otav Acitolupynoav pe piypa JP-8/BiovtiCeA oe olykpion HE TO
kKaBapd JP-8 kal 6.2 wg 19.2% xapnAoTepeg TINEG POTING EAENG O€ OXEOn PE Tn AsiToupyia e
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vTieA D-2. Ta atroteAéopata TTEIPAUATIKWY OOKIHWY £B€i1Eav OTI n €MTAXUVON KAl N POTIA
OXETICOVTAIl YEVIKA PE TNV TTUKVOTNTA EVEPYEIOG TOU KAUGIUOU TTOU XpnoldoTrolEiTal. H TTapaywyn
POTTAG OTa MePIKA @opTia Ba cival PIKPOTEPN AAAG n ammaitnon yia POTIH JTTOPEl va
avTigeTwToOei petafdAlovrag Tn B€on Tou kavéva oTnv avtAia kaucigou. Or evdidueoeg
OuVORKeS TTOpEiaG QaiveTal va PNV €TTNEEACOVTAl OTTO TO UEIWPEVO EVEPYEIOKD TTEPIEXOUEVO TWV
Blokaucipwv.

Agitoupyikn AlomioTia Kivntipa

TNV TTapouca @Acn. Ol TTEPICCOTEPOI KATACKEUAOTEG KIVNTAPWY OEV £XOUV ETTEKTEIVEI TNV
KGAuywn NG €yyunong tmou divouv yia Toug KIVATAPES yia Kauoiya BiovTieA [55,71-74]. Ta auté.
£vag onuavTiKOG avaoTaATIKOG TTapdyovTag aTn Xpron Tou BiovTieA gival n SlevEépyeEia ETTAPKWV
QOKIJWV AEITOUPYIKNAG O&IOTTIOTIAG PE PIOVTICEN £€TOI WWOTE VA ETTITPATTEI OTOUG KATAOKEUAOTEG VA
gyyunbouv Tn Aeimoupyia Twv KivnTApwv e Prokadoipa. Mevikd aTmaiteital hia epyacTnpiokn
QOKIUR AEITOUPYIKAG AgIOTTIOTIOG BIOTI KATA TIG DOKIYEG HE OXAMOTA OE TTPAYUATIKEG CUVONKEG. TA
oxnuara degv BpiokovTal yia peydAo xpovikd didoTnua o€ AsiToupyia pe kauoiyo. H ‘Evwon
Kataokeuaotwyv Kivnmipwv (EMA) [45] €xel ouykevipwoel TTOAG atmd 1a Baoikd Zntriuata
A&IToupyIKAG agloTTIoTIAg Kal TIG TTIO ONUAVTIKES I01I0TNTEG KAUGIMOU TTOU UTTOPE va eTTnpedoouv
TNV A&IToupyIkr aglomaTia Tou KivAthpa. Mn avTidpwvTta pgovo-. OI- Kal TPIYAUKEPISIA. OTTWG Kal
AiTTapd o&éa. peBavoAn kal yAukepdAn Ba TpéTrel va atropakpuvBouv amd T1a kauvoiya. Ta
TPIYAUKEPISIO €ival QUTIKO €Aalo A NITTOG TO OTTOI0 Oev €XEl ETATPATIEI O€ €0TEPA KAl ONMUIOUPYEI
€EQVOPAKWPATA TTOU ATTOPPACCOUV TOUG EYXUTAPEG KAUGIWOU atrd OTI QAvnKe o¢ SIEPEUVATEIG
TTOU £yIvav  XPNOIMOTTOIWVTAG dlapopwy €1dwv éAala o€ Kauoiha. Ta HPOVOyAUKeEpIdIa. n
YAUKEPOAN Kal Ta AITapd o&éa diaBpwvouv Ta PETOAA Twyv €dpdvwy. ETtiong tpoBAnuata
atroTeAoUv n didAucn Tou Kaugoigou oTo AITTavTiKO €AdIo KAl 0 OXNHOTIONOG EVATTIOBECEWY OTIG
BaABidec/Bupeg elIcaywyng kKal ¢aywyng. Ta oTroia dnuioupyolvTal Adyw Tou uywnAou onueiou
Bpaouou tou BiovTiCeA o oxéon pe To cuuPaTikd vTiCeA. H amdepain Twv BaABidwv Adyw
£EQVOPAKWHPATWY TTPAYUATOTTOIEITAI OTO UYNAG @QOPTIO OTTOU KAUCIPO XOUNANG TITNTIKOTNTOG
evatoTifeTal OTIG €MIPAvEIEC TWv PBoABidwv Kol TTpayuatoTrolouvTal o€ autd avTiIOPAoElg
oxXnMUOTIOPOU gnpou avBpaka. Kauoiyo uynAng TITATIKATNTAG TTOU AVANIYVUETAI UE TO AITTAVTIKO
é\aio dev TTpoOKEITal va aToTToinBei kabwg BepuaiveTal To AITTavTIKO €Aaio KaTd TN SIAPKEIR TNG
Aeitoupyiag Tou kivntApa. H &idhuon Tou PBlovTiCeA oto AITTavTiké odnyei O¢ DIOPOPETIKEG
1010TNTEG NITTAVTIKOU gAdiou (0TTWG gival n o&e1dwTiKA dpdaon Tou AITTavTIKOU) O OXEON E EKEIVEG
TTOU €XElI OTAV O KIVATAPAG AEITOUpyEi PE Kauolpo vTiCeh. AuTh n dlapopd OTn CUUTTEPIPOPA TOU
NITTavTIKOU gAaiou katd Tn Asitoupyia pe BiovTifeA Ba TTpéTTel va eEeTaoBel TTPOCEKTIKA. 1010TNTEG
OIOAUTIKOU péoou TTou OXeTiCovTal YE TA PEPN TOU KIVATHPA TTOU gival atmd eAaoToUEPES eival
€TTiONG ONMUOVTIKEG KOBWG aKOPeoTol HEBUAEOTEPEG 11 OCEIdWTIKA TTpoidvTa  OTTwG T
udpoTtrepoleidia kal Ta KapBoLUAIKG ofEéa PTTopoUv va dpAcouv w¢ TTAACTIKOTTOINTES. ETTiong n
ammoppoenon vepol atmd To BlovTifeA PtTopei va odnynoel og dIdBpwon Twv TUNUATWY TOU
ouoTAPaTOG éyxuong Tou Kivnmpd. [loAAd amdé autd Ta TTPoBAAuaTa  PTTopouv  va
QVTIMETWTTIOBOUV PéOow  KATAAANAoOU KaBapiopyoU TOU KAUCIMOU MEBUAEOTEPA WOTE va
e€aAeipBbouv n yAukepivn Kal Ta povoyAukepidia kal SIyAUKepidIa TTOU Oev €XOUV WETATPOTIEI O€
EOTEPEG.

Avroxn Kivntipa

MNa TNV avTINETWTTION TETOIWV {NTNUATWY, €XEI TTPpayuaToTToINOEl évag onuavTikog apiBuég
MOKPOXPOVIWY  QOKIJWV avioxns Tou KivntApa. [MoAAég ammd autég TIG  OIEPEUVNOEIG
xpnuarodotibnkav atmmd 10 EBvikd ZuppouAio BiovtiCeA (NBB) oTig HIA kai €dw o1 duo TTIo
onpavTikéG atro auTég. 'ETal To NBB [75] xpnuatoddtnoe pia dokiur avtoxrg didpkeiag 1000 hr.
N oTroia £yive XpnOIPOTTOIWVTAG £vav KivnTrpa DDC 6V-92TA e NAEKTPOVIKO oUOTNPA €yXUONg
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Kal piyua 20% peBuAeoTépa. Katd tn didpkeia TNG dOKIWAG Xpnoipotroidnkayv trepitrou 10000
yoAdvia Tou piypartog B-20. O kUKAOG dokipwy TTepiEAGUBave AsiIToupyia TOU KIVATAPG €V KEVW
(pehavTi). oe TTANPEG QopTio Kal o€ evdldueoeg ouvOnikeg. Metd amd 700 wpeg Asimoupyiog
TTapatnEnénkav Ta akdAouba: XaunAn TTieon £€yxuong KAUGIPOU. PEIWMEVN TTPAYMATIKA 10XUG.
XAMNAR KaTtavaAwaon Kauoigou Kal upnAd TTo000TA dIopPowy KaUuooePiwy OIaUECOU TWV
ehatnpiwv Tou BaAduou kauong. MapatnpnBnke OTI OI EMIOTPOPEG KAUTiou o€ €10IKO doxeio
OUANOYNG gixav paupo XpwHa Kal dIatmoTwonKav onUavTIKEG TTO0OTNTEG £EAVOPAKWHATWY OTA
KaAUppaTa Twv QIATpwY aépa €i0aywyng. oTa TuAPaTa Tou €UPOAOU KAl OTOUG €YXUTHPEG
Kauaipgou. O1 ypauuég KatdBAIWNG Kaucoipou. Ta @IATPA KAUGIMOU Kal N avTAia Kouoipou
QVTIKOTAOTABNKAY KATd TN SIApKEIa PIag OUVTOPNG SIAKOTTHG WETA attd AsiToupyia 700 wpwv Tou
KIvnTrpa.

Metd amd uia 1o SIaKOTTA Aiyou HEYOAUTEPOU XPOVOU TTOoU Eyive PETA ammd 750 wpeg
AeiToupyiag. BpéBnke OTI oI TTAPAPETPOI TOU KIVNTAPA €iXav €ETMOTPEWYEI OTA KAVOVIKA TOUG
etTiTreda. Kard tn didpkeia Twv TeAeutaiwv 250 wpwv Asitoupyiag. n Asitoupyikry amrédoon Tou
KivnTApa emoeIvWOnKe OTTWG akpIBWG €iXe yivel Kalr HETA Tn OIAPKEID Twv apXIKWV 750 wpwv
Aeiroupyiag. MeTd Tnv ammoouvapuoAdynon Tou KIivnTHpa. BPEOnkav onUAVTIKEG CUYKEVTPWOEIG
e€avOpaAKWPATWY O€ TTOAAG TUAMATA TOU KIVNTAPA. H TV auTwy Twv evattoBécewy QaiveTal va
gival 70 AiITavTiké €Aaio. H didBpwon Twv PeAOVWY Twv eyXUTApwy Adyw oTTnhAdiwong
TpokdAece Tnv emodeivwon TnG A&IToupyiag TOUG O€ OnUEI0O TTOU va €xouue KaBoAou
OlaoKopTTIond Kauaipgou og otaydéves. ‘Eva mBavéd oevdpio gival 6Tl N ¢Bopd Twv OTEYAVWTIKWY
OAKTUAIWV TNG aVvTAIAG KAUCIUOU TTPOKAAECE TNV TTAPEICEPNON AEPA OTO ECWTEPIKO TNG Kal TN
OnuIouUpyia MUIKPOOKOTTIKWY QUOOAIdWY OTO €0WTEPIKO TOU KAUCIUMOU TTOU TTPOKAAEcav Th
O1GBpwaon Adyw omnAdiwong. MeydAn tmoooTnTa €CavBpakwudTwy Kol @Bapuéva PETAAAG
Bpédnkav oto AiIttavTikd €Aaio. Ettiong og TOAAOUG KUAiVOpoug BpéBnkav oTTacuéva eAaThipia
KOPU®NAG kai cupTrieong. Emiong mrapatnpribnke o1 oteyavwTikoi dAKTUAIOI TOU CUOTAMATOG
£yxuong gixav JaAOKWOEL.

Mia &eUtepn Sokiur avtoxhg KivntApa Trou  XpnuaTtodoTthBnke ammd 10 NBB  £yive
xpnoigotroiwvtag évav Kivntipa Cummins NI4 Ttou 1987 kai piyua B-20 (ueBuAeoTépag
ooyleAaiou) [76]. H dokiun eixe otéxo va diapkéoel 1000 wpeg aAAd duoTuxwg TEpUATIOBNKE
META atmd 650 wpeg Asitoupyiag e€aitiag aoToxiag TG avtAiag €yxuong kaucoiyou. H aoTtoxia
oQpeileTal OTO OXNUATIOPO OTNV avTAia €vOG UTTOAEIPATOG atmd €0TEPEG NITTAPWY O&EWV.
eAeUBepwv AITTapwyv o&Ewv Kal aAdTwyv oféwv. To idlo uTtOAcIua TTpoKAAETe atmo@pagn Tou
QIATPOU KaUGiPoU Kal VwpIiTepn amoepagn TnG aviAiag Kauaipgou katd Tn didpKeIa TG BOKIKAG
avtoxng. Or1 eyxutpeg Kauaigou ATav o€ KOAR Katdotaon oto TéAog TngG SokiuAG. H avaAuon
Tou AITTavTikoU dev @avEpwoe onuavTiky emdeivwon. ZUp@wva Pe auth tnv digpelvnon. Ta
AeiToupyikd TTpoBARPaTa TToU egu@aviobnkav katd Tn didpkeia TNG SOKIPNAG TTPOKANBNKav atrd
TNV Tdon yia o&eldwTikA dpdon Tou Kaucdiuou piyuatog B-20. Eival agloonueiwTto 611 TO00 TO
kKaBapod vTiCeA coyiehaiou kal To vTiCeA No 2 TTou xpnoigotroiibnkav yia Tnv MNMapaokeur) Tou
MiypaTtog B-20 diammoTtwnke 611 gival euotadn atmd tnyv dmmoyn NG o&eIdwTIKAG dpdong.

To MavemaTuio Tou Idaho [32] TTpayuaTtotroince dokipég avtoxng diapkeiag 200 wpwv JE
4-X KIvNTAPEG VTICEN apéoou £yxuong QUOIKAG avatvorg. Ta Kauoiya TTou XpnolgoTtroifénkav
nrav 10 D-2. o kaBapdg peBuleoTépag kal aiBuAeoTépag KpauBeAaiou. o  KaBapog
aQudpoyovwpévog alBUAECTEPAG ooyieAdiou (QIBUAECTEPAG XPNOIYOTTOINUEVOU  PAYEIPIKOU
gAaiou) O6TTWG €TTiONG Kal piypata Tou apudpoyovwuévou KaBapou alBuAleaTépa coyiehaiou pe D-
2 oe TooooTd 80 kai 20% avTtioToixa. Agv TTapatnpridnkav 1diaitepa TpoBAfpaATa 0Tn AsIToupyia
TWV KIVNTAPWY KaTd Tn SIGPKEIN QUTWV TWV BOKIPWY OXETIKA TTEPIOPICHEVNG DIdpKeIag. MeTd Tnv
oAokARpwaon Twv OOKIYWY. dIATTIOTWONKE OTI TO TTEPIEXOPEVO OE GidNPO Tou AITTAVTIKOU €Adiou
ATav onuavtikd uwnAdTeEPO OTa Kauoiya We Paon 1o KpauBéAaio oe ouykpion pe 10 D-2
Qavepwvovtag UTTEPPROAIK  @Bopd. AuTé Oev  TTOPATNPABNKE OTn  TIEPITITWON  TWV
aQUOPOYOVWHEVWY Kauaipwy coyieAaiou. O pn Kopeoudg Twv avOPOKIKWY AAUGIdwY Twv
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ANiTTapwyv o&éwv kKpauBeAaiou odAynoe mBavoTaTa oTNV 0&Eidwon Kal 0To oXNUATIONSG 0gEog
TTOU TTPOKGAETE SIapwaon.

O Goyal [74] dnuocicuce atroTeAéopaTa ato pia OokIuA TTou £yive pe Bdon 1o TTpdTUTTo ISO
8178-4 e kauaoiuo 1o HeBUAEOTEPQ KpapBeAaiou. Ze auTr] TN SOKIUN afloAoyrBnke n AEITOUPYIKNA
oupTtTEPIPOPA evdg KivnThpa Deere 4239T Trou Aeitolpynoe yia didotnua 1450 wpwv. Ol
OTTWAEIEG 10XU0G ATAV 6-8%. MeTd ammd 1000 wpeg Asitoupyiag. TTapatnprnke oxnuUatiopdg
£EQVOPAKWHPATWY OTIG BUPEG E1I0ayWYNG Kal eEaywyng Kal ota eAatrpia egoiou. Metd atmd 300
WpeS OOKIYAG o€ XauNAG @opTio AsiIToupyiag. SIATOoTWONKE N UTTAPEN YPOAUHWOEWY - YUOAGDWY
oe Oldgopa pépn  TOou BaAduou  kauong. Opiopéveg  KUAIVOPOKEPOAEG  BpéBnkav
TTOPANOPPWHEVES PAVEPWVOVTAG ACUUBATOTNTA ASITOUPYiag e HEBUAEOTEPEG.

EmmpooBeteg digpeuvAoelg TTou yivav emiBeBaiwoav Ta EupAuATA TTOU TTpoava@EépOnKav.
O Lucas [70] avégpepe TTapouola TTPORAAUATA PE TO QIATPO Kal TNG AVTAIO KAUGIUOU WE eKEiva
TTOU TTEPIYPA@NKaV TTapatrdvw oTtn OlEpEUvNON TTOU TTPAYUOTOTTOINCE PE Miyda PeEBUAECTEPQ
ooylehaiou (20%) kai JP-8 (agpotropikd Kauolyo). MeipauaTikég diEPEUVHOEIG TTOU Eyivav JE
MEBUAeaTEPES KpauBeAaiou [29.30] £deiav OTI Ta BlovTiCeA PTTOPOUV va TTPOKAAECOUV aAAOIWON
TWV ETMOTPWOEWY Twv deCapevwy Kauaigou. H emidpaon autwyv Twv @opéwv PéAuvong oTo
ouoTnua €yxuong kauaipgou Oev €xel dlgpeuvnBei emmapkwg. H didAuon tou BiovTileA oTo
ANiTavTikG éAaio Kal n aAAOIwon TWV XAPAKTNPIOTIKWY TOU TEAEUTAIOU UTTOPE va aTTOTEAEDEI
TPORANPa €18IKA 0TOUG KIVRTAPES VTICEA xaunAou ¢@opTtou. O Blackburn [77] avépepe 0TI 50%
ATTWAEIQ TNG CUVEKTIKOTNTAG TOU NITTAVTIKOU g€Aaiou PeTd atrd 50 wpeg AsiToupyiag Tou KivnTHpa
Me aiBuAeoTépa coyiehaiou. O Macchi [78] avépepe peyaAUTtepn SiGAuon yia To pEBUAeaTEPO
KpapBeAaiou. O Schloegl [79] avépepe cofapd gaivopeva dIAAUCNG KAUCiIUoOU OTO NITTAVTIKO
éAaio pe atrotéAeopa Tnv TITWon Katd 50% Tng OuvekTIKOTNTAG TOU AITTAVTIKOU. AOKIPEG TTOU
Eylvav o€ KIVNTAPESG VTiCEA XaunAou @opTou e BIovTiCeA @avépwoav @Bopd Twv PaABidwy Kal
oxXnUaTIoNS £€avOpaKWUATWY OTIG BUPES eI0aywyAS — €aywyng.

2uuBardrnra BiovrileA kar EAacTouepwy

H airia TToAMwv atmé 1a mpoBAfuaTa TTou dnuioupyrnénkav katd Tn dIdpKeIa Twv OOKIPWV
QVTOXNG KIVNTAPWY MPE PBIovTiCeEA uTTOpoUV va avadntnBei otnv acupBaTtdtnta Tou PIOVTICEN UE
opiopéva ehacTopepr. O1 dIOAUTIKEG 1810TNTEG Tou PIovTifeA ptmopolv va ¢@Beipouv didgopa
eAAOTIKA PEPN TOU KIVNTAPO OTTWG €TTiong va dnuioupyrioouv evatroBéoelg otn deCauevh
Kaugigou kal va odnynoouv oe ammoé@paén Tou @IATPOU Kauoiyou Kail Tou eyxutnpa. Ta
TEQIOOOTEPA ATTO TA €AQCTOMEPH TIOU XPNOIYOTTOIOUVTAl WE OUMPBATIKO KOUOIPMO  VTICEA
OloyKwvovTal AGyw TnG amoppoenong CPWHATIKWY oucoTatikwy. Auth n didykwon Eivai
a1rodekT Kol AauBdveralr utrowiv Katd Tn oxediaon Tou CuoTAPATOS €yxuong. Ta Kauoiua
BlovTiCeN pTTOPEl VO ETTAVATIOPPOPIOOUV OPWHATIKEG EVWOEIS ATTO TA €AAOTIKA MEPN TOU
KIvNTApa OTTwG €Tmiong Kal TPOcBeTa TTou eixav oxedlaoBei yia Tnv TTApeUTTOdIon Tng
OKApuvoNngG Kal Bpadong Twv EAACTIKWY PEPWYV Tou KIVNTAPA. O JeBUAEOTEPEG £XEI ATTODEIKOEI
OTI aTTOpPOPOUV TPIAOBOUTUAODIAEVIO KOl EAACTOPEPEG VITPIAIOU. TTOU €ival Ta MO KOIVA UAIKA
TWV OTEYAVWTIKWY SaKTUAIiWV Tou KivnTApa [55]. O1 Bessee kail Fey [57] e€éTaocav Thv £TTidpacn
NG €kBeONG O¢ piyuata PeBuAeoTépa ooyieAaiou Kail vTiCeA D-2 oTnv avtoxr o€ €QEAKUCGHO. TV
ETMUAKUVON. TNV OKAApUVON Kal TNV ammoppo@nTIKOTNTA  dla@opwy  eAdoTopepwy. To
ehacoTopepég viTpidiou, To Nylon 6/6 kal TO TTOAUTTPOTTUAEVIO UWNARG TTUKVOTNTAG TTapouciacav
METARBOAN TWV QUOCIKWYV ToUug 18I0TATWY. Ta ehaoTtopepr] Teflon®, Viton®401-C kal Viton® GFLT
Oev TTapouagiacav Kauid HETABOAA OTIC QUOIKES oug 1810TNTES. 'ETOI KATEDTN YEVIKA ATTOOEKTO OTI
Ta €AAOTIKA PEPN TOU KIvNTAPA TTOU Ba TTRETTEl va XpnolyoTrolouvTal pe BlovTi¢eh Ba TpéTrel va
ammoTeAoUvtal ammod  @Boplolxa eAacTtopepry [29.55.73]. O1 TeEPIOCCOTEPOI  KOTAOKEUAOTEG
KIVNTAPWY QaivETAI VO XPNOIMOTTIOIOUV TETOIOU €idOUG €AAOTOMEPH OTOUG VEORTEPOU TUTTOU
KIvNTApES Toug. H eTTidpacn Tng dopng Tou AiImTapou ogéog (dnA. 0 BaBudg KopeouoU Tou) oTa
eAaoTIKG Pépn TOu KIVNTAPQ @aivetal va pnv €xel digpeuvnBei emapkwg. MapoAautd. uywnAnig
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aoTdBci0g eAeUBepa AiITTapd o&éa OTTwG €TTiong PN avTIdPWVTAG Hovo-. dI- Kal TPIYAUKEPIdIA.
YAUKEPOAN Kal yeBavoAn uTropei va £xouv anuavTikn £midpacn oTa eAaoTIKA PEPN TOU KIVNTAPA.

Airavriky Ikavotnta BiovrileA

MINAKAZ 25. AtroteAéopaTta JETPACEWY AITTAVTIKNG IKAVOTNTAG KAUCIUOU yia JEBUAEOTEPEG Kal
a1BUAeoTEPEG ToYIEAQIOU OTTWG ETTIONG KOl EBUAEOTEPEG KpauBeAaiou

NITTavTIKA IKavoTnT i i
QVTIKT) IkavoTnTa NITTaVTIKA IKavOTNTA

Kauoiuo onlur}gl?;OCLE Aokipf HFRR
BdBog ouAg Adyw TpIBAG
(mm)

NTiCeA xaunAou Beiou [80] 4200 0.492 0.24
NTiCeA xaunAou Beiou [91] 4250 0.405 -
MeBuAeoTépag ooyieAaiou [80] 6100 - -
MeBuAeoTépag KpapBehaiou [91] 7000 0.140 -
AlIBuleaTépag kpapBeAaiou [91] >7000 0.085 -
B-2 (MeBuAeoTépag ooyieAaiou) [80] 4400
B-5 (MeBuAeaTépag ooyieAaiou) [80] 4500
B-10 (MeBuAeaTépag ocoyiehaiou) [80] 5200
B-20 (MeBuAeoTtépag ooyieAaiou) [80] 5200 0.193 0.13
B-30 (MeBuAeoTépag ooyiehaiou) [80] - 0.206 0.13
B-20 (MeBuAeoTtépag kpauBeiaiou) [91] 4600 0.190 -
B-50 (MeBuAeoTépag kpauBeAaiou) [91] 5550 0.180 -
B-20 (MeBuAeoTépag kpauBeAiaiou) [91] 4700 0.165 -
B-50 (MeBuAeaTépag kpauBehaiou) [91] 5700 0.165 -

H AITTavTIKR IKavoTnTa TOU KAuoigou gival onpavTikh d16TI o€ TTOAAEG avTAiEG Kauoipou Ta
KIVOUMEVA TUARUATA TOUg AlTTaivovTal Jovo atrd 1o idIo To KauoIho. H AITTavTiKA IKavoTnTa Tou
Kaugigou perpdrtal hge TN dokiyp BOCLE (Ball On Cylinder Lubricity Evaluator) kai &okiun
TaAivopopouoag KAivng uwnAng cuyxvotntag (High Frequency Reciprocating Rig - HFRR).
AtroteAéopata autwyv Twv dokIywy @aivovTal otov livaka 22. H dokiury BOCLE €xel akpifeia
1200 g kal Kauaoiga he Kahn NITTavTikh iIkavoeTtnTa divouv atmmoteAéopaTa otnv KAipaka BOCLE Tng
TdéNG 4500-5000g. TMa 1n dokiyp HFRR Tipgég PABOG ouAg peyaAltepeg amd 0.4 mm
BewpouvTtal PN atmodekTEG. AuTa Ta aTToTeAéTaTa deixvouv OTI Ta BIovTiCeA 1 TOUAGYXIOTOV Ol
HeBUAeoTEPEG Ooyiehaiou Kal KpapPBeAaiou €xouv KaAUTEPN ANITTOVTIKA IKAVOTNTA AT TA
oupBatkd kauoiua vTiZeA xapnAou Bgiou. H avauign BiovTiCeA pe vTiCeA 0€ CUYKEVTPWOEIG TTAVW
armdé 20% k.0. 3 TTapatrdvw odnyei ot piIa BeATiwon NG AITTAVTIKAG IKAVOTNTAG OF TIPEG
uwnAOTEPEG aQUTWV Tou ouuBaTikoU vTiCeA No.2.

EKNOMIEZ PYNQN

PUtrol pe OeopoBeTnpéva Opia Ektroptriig: Aokipyég oe KivnTipeg Kai OxApara

Ta piypara BiovrigeA kai Ta BlovTi¢eA ptropoUlv va TTPoKaAéoouv PETABOAEG o€ GAOUG TOUG
pUTTOUG e BeopoBeTnuéva Opia eKTTOUTTAG 0€ OxEON ME Ta CUMBOTIKA Kauoiga vTiCeh. Mia
oNPavTIKA 1810TATA TWV 0EUYOVOUXWV KOUGCIUWY TTOU TTPOCTIBeVTAlI 0TO KAUOIYO VTICeA cival
YEVIKA N IKAVOTNTA TOUG VA TTPOKOAOUV MEIWCN TWV EKTTEUTTONEVWY CWUaTIdiwv aiBaAng. To
owpaTmidIokd UAIKO TTou eKTTEUTTETAI OTTO KIVNTAPEG VTICEA TrepIAauBdvel oTeped AvOpaka.
dkauoTa TTapdywya Kaugigou kail AItavTikoU eAaiou kal agpodiaAupara Benkol offog. Ol
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EKTTOUTTEG CWHATIBIAKWY PUTTWYV dlakpivovTal o€ ooUAQidIa. SI0AUTO opyavikd TTpoidv (Soluble
organic fraction — SOF) 4 ITNTIKG opyaviko TTpoidv (volatile organic fraction — VOF) kai avBpaka
[85]. E€aywyn deiypdtwv cwpaTidiwy (uEBodog SOF) Xpnoipotrolwvtag diaAupaTa aiBavoAng
Kal ToAougviou divel TTapOPoIa ATTOTEAETUATA PE TNV dnUIoUPYia TITNTIKWY EVWOEWYV UTTO KEVO O€
uwnAéc Bepuokpaoics (MEB0BOG VOF). ZTIG €TMOUEVEG TTAPAYPAPOUG. TO OIOAUTO Opyavikd
TTPOIGV aVaPEPETAl OTO TTOCOOTO CWHATISIWY AIBAANG TTou £xel JeTpnOEi eite pe TN nEBodo SOF
gite pe ™ péBodo VOF. H aiBaAn trapdyetal atmd avmidpdoelg TTUpOAUoNG OTO UETWTTO TNG
PAOyaG 01O e0wWTEPIKO TOu BaAduou kauong. Or ekmmoutrég SOF 1Tou ogeilovial 0TO KAUCIHO
oxnuaTi¢ovtal Bacikd katd Tn dIAPKEIA TNG EKKIVAONG TOU KIVNTHAPA. AITTAVTIKG EAAIO EKTTEUTTETAN
atré Tov KIVNTAPA €EQITiOg TwV QACEWY EI0QYWYAS aépa Kal atréTAuong Tou BaAduou Kauong
aT1TO TA KAUCOEPIA. Ol OTTOIEG TTPOKAAOUV SIATUNCN KOl ATPOTIOINGT Twv OTayoVvISiwv AITTavTIKOU
eAaiou TTOU BpicKovTal OTA TOIXWHATA TOU KUAivopou. Ta kauvoipya BlovTieA ptmopouv va
TIpoKaAéoouv  peiwon TG aiBGAng kal Tou dIaAuToU opyavikoU Trpoiéviog (SOF) Trou
Tpoépxovtal amd TV Kalon Tou Kauoigou OAAG &ev ptmopolv va TTOPEUTTOSICOUV TO
oxnuaTioyd SOF amd Tnv €€ATHion Tou AITTavTIKoU €Aaiou €TTEIdf aQuTO Oev EUTTAEKETAI OTNV
kauon. O1 putrol pe BeopoBeTnuéva Opia ekTTouTTéG (NOX dnA. NO2. CO. THC kai PM) étmTwg 10
TT0000TO SIGAUTOU OpyavikoU TTPoidvTog (SOF) TNG OUVOAIKAG TTO0OTNTOG CWHATIBIOKWY PUTTWV
(PM) tTou divovTal o€ gr/bhp-hr diakpivovTal o€ ekeiveg TTOU TTPOEPYOVTAl ATTO TTAAAIOTEPOUG 2-X
Kal o€ €KEivEG TTOU TTPOEpPYOVTal aTTd oUyxpovoug 4-X kivnTApeg vTiCeA. O1 KivnTAPES VTICEA
OuVEIoPEPOUV ONUAVTIKG OTIG eKTTOPTTEG NOX Kal PM. H TToodéTtnTa Twv ektmoutrwv CO kal THC
TTOU EKTTEUTTETAI OTTO KIVATAPES VTICEA €ival YEVIKA WIKPA O€ OXEON ME TIG EKTTOUTTEG ATTO OXAMaTa
HE KIVNTAPES eAa@pou @opTou. MNa autd To Adyo n xprion Twv Kauoigwy BIovTifeA agloAoyeital
eTTi TN Bdon TnG €midpacng Toug oTIG eKTTOPTTEG PM kai NOXx kai n akéAoubn €ékBeon kiveital
KUpiwg TTPOG auTr Tnv Kateubuvon.

MNeipauarika AmmoreAéouara Pomrwy yia 2-X Kivntripeg NrieA

Mpiv TN €QapuOyr TWV QUCTNPWY KAVOVIOUWY EKTTOUTTWV PUTTWV aTTO KIVNTAPES VTICEA
oTig apxég tou 1990. guvoouvtav n xprion dixpovwy KivnTApwvY VTiCeA e€autiag TG MEYAANG
OUYKEVTPWONG 10XU0G TTou TTapoucialav. MapoAauTd. ol atrwAgleg NITTAVTIKOU eAdiou TTpog TNV
eCaywyn Tou KivnTApPa €ival TTOAU TTEPIOOOTEPEG OTOUG 2-X KIVNTAPESG ammd OTi oToug 4-X
KIVNTAPEG 0BNYWVTOG £TOI O QUENPEVEG EKTTOUTTEG CwHaTIdiwv aiBAAnG. Ettiong éva onuavTiko
TT0000TO TOU AEPA TTOU TTAPEXETAI OTOV KIVNTAPA ATTO TOV UTTEPTTANPWTH OEV XPNOCIYOTTOIEITAI YIa
TOV €AEYXO TWV EKTTOPTIWV PUTTWV KAtd Tn OIApKEId TNG KaAuong aAAG avti yia autd
XPnoIJoTrolEiTal yia T BeATIWON TOU OYKOUETPIKOU Babpol atrdédoong HEow TNG aTTOTTAUCNG TWV
KUAiVOpwvV KaTtd Tn didpkeia Kovou avoiyuatog Bupidwyv eicaywyng kar e€aywyng. MNa autd éva
TT0000TO TOU aépa elIocaywyng eEwOeiTal diapéoou Twv KUAIVOpWY evw ol Bupideg elIoaywyng Kal
eEayWYNG €ival avoiKTéEG JE OKOTTO TNV aTTOTTAUGH TWV KUAIVOpwWY aT1Td Ta Kauoaépia. ZTayovidia
NITTQVTIKOU PTTOpEl va €€wBnbouv TTpog TV €gaywyr Katd mn didpkeia TNG Aong atrdTTAucNng
Tou Oixpovou KUKAou Acitoupyiag. Autd odnyei o€ XaunAOTEPEG OEPUOKPATIES KAUOAEPIWV
(éyiotn TP Beppokpaciag kauaagpiwv 345°C ~TTou gival PIKPOTEPN ATTO AUTH TWV TTEPITIOU
540°C 1rou €xel TrapatnpnBei yia 4-X kKivnTApeg vTiCeA Katd Tn didpKela TNG OOKIUAG METABATIKAG
AgiIToupyiag KivnTApwyv VTiCeA Bapéog @OpTou). AUTO £TTNPEACEl apvnTIKA TN AsIToupyIkh atTdédoon
TOU UTTEPTTANPWTA KAl TWV KATAAUTWY KAUCAEPIWV.

H ouAhoyn Twv dlEpeuvioewy ouvTovioBNKE Kupiwg atrd 1o EBvikG ZupBouAio BiovTiceA (HMA)
yia €va mAoTIkG TTpdypauua Tou pageiou Mpootaciag MepiBdAlovtog (EPA). O MMivakag 21
TTOPOUCIAZEl PIo oUVOWN TWV EKTTOUTTWV PUTTWYV TTOU PETPABNKav atmd TTaAaidtepou TUTTOU 2-X
KIVNTAPEG XPNOIMOTTOIWVTAG TO TTPWTOKOAAO SOKIHWY PETARATIKAG AEITOUPYIag KIVNTAPWY VTiCEA
Bapéog @opTou Tou EPA. O1 TrepioccdTEPEG ATTO QUTEG AVAPEPOVTAI O€ KIVNTAPESG TTOU BpioKovTal
oe AgiToupyia kal gixav ocupttAnpwoel €va peyalo aplBud wpwv Asitoupyiag Tpiv yivouv ol
OOKIMEG ME TN XPron PBIovTiCeA. Ze OAeG TIG DOKIPEG TTOU €yivav PE Kaualua BlovTileA. Ta oTToia
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mpoodiopiovial wg B-XX ot1ou XX €ival T0 1T0000TO KAT OYyKO TOU [lovTifeA OTO pdiyua
XPNOIMOTTOINONKE WG KAUGCIUo avagopds 1o cuuBaTiké Kauaiyo vriCeh D-l1 ) To D-2. MNevikd. n
xpnon Miypdrtwv kauoipou vTiCeh No 1 4 No 2 pe peBuleoTépeg ooyiehdiou o UTTAPXOVTEG
OiXpOoVvoUg KIVNTAPESG. OTOUG OTTOIOUG DEV £yIVaV TPOTTOTTOINCEIS OTNV TTPOTTOPEIa £€yXuong  dev
TOTTOBETABNKE KATAAUTNG NOX 00ynoe o€:

* AU0¢non Twv exmmouTTwyv NOX

*  Meiwon Twv ektropTTwWy PM. CO kail THC

*  Meiwon TG exTTEPTTONEVNG TTOCOTNTAG OTEPEOU AvBpaKka
To XxAua 13 cival avTITTIPOCWTTEUTIKG TNG JETAROANG TwV eKTTOUTTWY NOX Kal PM pe To TT0000TO
oguyovou pIyPATWY VTiCeN Kal peBuAeoTépa coyiehaiou yia dixpovoug KivnThpeg. AuTO TO
olaypappa tepIAapBavel amoteAéapaTta ammd €vav NAEKTPovVIKA eAeyxouevo kivnthpa Detroit
Diesel DDEC Il 6V-92TA.

O Mivakag 21 Trapouciddel atroTeAéopaTa TTOC00TIAIaG PETAROANG Twv PM kal NOX Kal Twv
emmmédwyv SOF amd tn Xpron Piyudtwy B-20 og pia ggipd pnxavika Kai NAEKTPovIKG dixpovwyv
kKivnmipwyv. Me 20% BiovtiCeA (2% o&uyovo) 1o NO auénbnke amd 1.4 wg 6.1%. Ta PM
peTaBAnBnkav atmd -22.5% w¢ +14.5% kai o SOF kupdvOnke atmd 25 wg 75%. Agou 1o
10000760 SOF Twv owpamdiwv aiBdAng amd maAaidtepou TUTTOU KIvNTAPES €ival 50-75% Tng
OUVOAIKAG TToo0TNTaG PM. n TTARPNG TIKA Tou 0§uyovoUxou TTou gival aTrapdaitnTo yia JEiwon
Twv PM dev gival egpavig kal ol eKTTouTTéG PM ptropei va @aivetal 611 auédvovTal. Auto @aiveTal
XapaktnpioTikd otnv Eikéva 11 OT1Tou eIkovideTal n TTOCOOTIONA MPEIWON TWV OUVOAIKWY
eKTTOUTTWV PM w¢ auvaptnon Twv ekTroutmwy SOF Tou BacikoU Kauaigou vTileA yia dixpoveg
Kal TETPAXPOVEG UNXAVEG.

e PM
O NOx

40 + e ——y - ——

0 2 4 6 ] 10 12

MocooTiaia MeTtaBoAlj POtrou w¢ mpéc Baoiké Kaloipo
o

MooooTé Ofuyévou ato Mivpa BiovTileh (%K.B)
2ZXHMA 20. MetaBoAr Tng TTocooTiaiag HeTaBoARS Twy ektroutTwv PM kai NOx guvaptiael Tou

TT0000TOU 0gUydvou OTO piypa BiovTiCeA. Ta aTToTEAECUATA TTPOEPYOVTAI OTTO YETPROEIG TTOU £yIvay O€ 2-
X KIvnTAPEG vTiCeA Kal TTapouaidlovTal atov lNivaka 23
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MooooTé SOF oTig EKmopég PM yia NTifeA No.2

ZXHMA 21. MNooooTiaia peiwan Twv GUVOAIKWY eKTTOPTTWY PM w¢ cuvdptnon Twv ektroumtwy SOF Tou
BaaikoU Kauaiyou VTICeA yia DixpOveG Kal TETPAXPOVEG UNXAVES

KaBwg o1 ektrouttég SOF peiovovTtal. yiveTal EUQavig n eTTidpacn Tou PIOVTICEA OTIG EKTTOUTTEG
owpamdiwv. Ta amoTeAéopaTta @avepwvouy 0TI N avénon f n Peiwon Twy ekmoutwy PM eival
ave¢dpTnTn TNG TTOAAIOTNTAG 1] TOU TUTTOU TOU CUCTAMATOG £yXuong Tou KivnTtrpa. H emmidpaon
oTIg ekTTOUTTéEG PM Oev e€aptaTal amd Tn @Bopd Tou Kivntipa 0G0 £MOPA GTNV KATAVAAWGCN
Kauaiyou. ®Bappévol KIvTAPES BIoXeTEUOUV AITTAVTIKO SIAUECOU TWV EAATNPIWV OTIG EICAYWYEG
aépa. H xprion BlovTiCeA oc KivnTAPES pE UPNAEG ekTTOPTTEG SOF (>50% Twv PM cival Addi) Ba
TTapdoxel TTOAU Aiya o@éAn 6oov agopd T peiwon Twv PM.

O1 Mivakeg 20 kal 21 @avepwvouv 6T N avénon Twv NOX pe Ta BiovTiCeA cival ave¢dpTntn ammo
TNV TTOAQIOTATA TOU KIVATAPA. TNV TEXVOAOYIO TOU €yxuThipa Kal Tn ¢Bopd Tou KivnTipda. To
ZxNua 15 gival Tapouolo pe 10 ZxAUa 14 ekTdG aTrd TO OTI TTEPIEXEI OAQ TA ATTOTEAEOUATA ATTO
Tov [Mivaka 20 cupTtrepIAauBavopévou aTToTEAECUOTA VIO EOTEPEG KpauBeAaiou Kal AiTToug.

PM

[ ]
O NOx

-40 T —r—r— T

0 2 4 -] a 10 12
MooooTté Ofuydvou ato Miypa BiovTileA (%kK.B)

MNocooTiaia MetafoAr] PUmrou wg mpég Baoiké Katoip

IXHMA 22. MetafoAn Tng TTocooTiaiag diakUuavaong PM kai NOX cuvapTACEl TOU TTOGO0TOU 0&uydvou
TOU piyhaTog VTICEN/BIOVTICEA.

H peiwon twv PM dev cuoxeTtieTan I0XUpd e TO TTOOOCTO 0EUYOVOU TOou Kauaiuou. Na autr Tnv
opdda armoteAeopdtwy n xpnon BlovTiCeN ptropei va pnv €ixe Kapia eTmidpacn ota cwuatidia
a1BaAng. MapoAautd. n augnon Twv NOX cuoxeTiCeTal IKAVOTTOINTIKA Kal €ival €101 aveEdpTnTn
TOU TUTTOU TOU KIVNTAPQ Kal Twv eTTITTEOWY SOF.
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MINAKAZ 26. 20voyn TTEIPAPOTIKWY ATTOTEAETUATWY OTTO BOKINEG KUKAWV PETABATIKAG AsiToupyiag TTaAaidTepwyv 2-X KIvNTAPWY VTICEA Bapéog

@opTou H = mpaypaTikr Aeiroupyia (hot runs), A = oUvBeTeg dokIuEG (composite)

BiBA. Kivnthpag  PubBuioeig Aokiun Kauaoiuo NOx PM CcO THC SOF MeraBoAnn  MeraBoAn
TapamouTTn (g/bhp-hr)  (g/bhp-hr)  (g/bhp-hr)  (g/bhp-hr)  (g/bhp-hr) PM NOx
(%) (%)
[16] 6V-71N- EpyooTaoiakég A D-2 9.96 0.83 3.59 2.01 0.729 - -
77 MUI
EpyooTaoiakég A B-20/ 10.2 0.81 2.73 1.43 0.730 -2.4 2.4
2oyia
[17] 6V— EpyooTaoiakég A D-1 4.23 0.197 151 0.72 0.0788 -5.6 -
92TA-91
DDECH
EpyooTaoiakég A B-10/ 4.38 0.186 1.43 0.63 - -11.2 3.6
Zoyia
EpyooTaoiakég A B-20/ 4.46 0.175 1.32 0.56 0.0893 -12.2 5.4
oyia
EpyooTaoiakég A B-30 /| 4.8 0.173 1.14 0.54 - -17.8 13.5
2oyia
EpyooTaoiakég A B-40 |/ 4.86 0.162 1.07 0.43 - -31.5 14.9
2oyia
Epyootaciakég + A B-20 /| 4.62 0.135 1.19 0.38 0.054 9.2
KataAuTtng 2oyia
[24] 6V-92TA-  EpyooTaciakég A D-2 10.77 0.59 0.71 - - - -
91
DDECH
EpyooTaciakég A B-20/ 11.1 0.56 0.63 - - -5.1 3.1
2oyia
Epyootaciakég + A B-20/ 10.0 0.59 0.63 - - 0 7.2
KataAuTtng 20yia
?deg A B-20/ 10.95 0.446 0.55 - - -24 1.7
Zoyia
?deg + A B-20/ 9.92 0.428 0.55 - - -27 -7.9
KataAuTtng oyia
[31] DDC-6V- 1978 H D-2 (EPA) 5.62 0.265 1.19 0.435 0.133 - -
92TA-87 MeTaokeuaopuévn
H B-6/ 5.72 0.244 1.06 0.411 0.143 -7.9 1.8
Zoyia
H B-10/ 5.81 0.243 1.02 0.376 0.140 -8.3 3.4
KpduBng
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6V-92TA-
[41] 88DDECH
[59] 6V-92TA-

91DDECH

EpyooTaoiakég
EpyooTaciakég

ANAayn
TTpoTTOpEiag 1
deg
EpyooTaoiakég +
KataAuTtng
EpyooTaciakég +
KaraAutn + 1

deg
EpyooTaciakég +
KataAuTn +
AANayn

TTpoTTOpEiag 1
deg

EpyooTaoiakég
EpyooTaociakég
ANayn

mpotropeiag 3
deg

B-20/
Kpappng
D-2
(ARB)
B-6/
Kpappng
B-20/
KpauBng
B-40/
KpauBng
D-2
(ARB)
B-20/
2oyiag
B-30/
2oyiag
B-40/
20yiag

D-2

B-20/
2oyia
B-20/
2oyia

B-20/
2oyia
B-20/
2oyia

D-2

D-2

B-20/
Zoyia
D-2

5.87

5.34

5.47

5.54

5.82

4.43

4.70

4.78

4.89

8.52

8.93

8.2

9.12

8.35

8.18

4.4

451

4.45

0.238

0.270

0.247

0.257

0.244

0.257

0.270

0.258

0.258

0.2

0.2

0.21

0.11

0.12

0.14

0.276

0.214

0.26

1.04

1.24

1.24

1.20

0.95

1.22

1.12

1.03

0.95

1.6

1.39

1.59

0.95

1.05

1.21

1.65

1.46

1.65

0.363

0.546

0.508

0.437

0.346

0.57

0.48

0.42

0.38

0.6

0.53

0.55

0.21

0.25

0.29

0.42

0.38

0.45

0.145

0.141

0.138

0.158

0.178

0.134

0.160

0.172

0.181

0.116

0.142

0.134

0.058

0.053

0.049

0.07

0.070

-10.2

0.4

0.4

5.0

-45.0

-40.0

-30.0

-22.5

-5.8

4.5

2.4

3.8

9.0

6.1

7.9

10.4

25
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AAN\ayn B-20/ 4.25 0.22 15 0.38 0.087 -20.3 -3.4
mpotropeiag 3 2oyia
deg
AMAayn B-20/ 4.32 0.191 0.45 0.12 0.053 -30.8 -1.8
mpotropeiag 3 20yia
deg + KataAutng
EpyooTaoiakég B-20/ 4.7 0.22 1.49 0.38 0.095 -20.3 6.8
Zwiko
Nitrog
AMN\ayn B-20/ 4.01 0.254 1.8 0.37 0.119 -8.0 8.9
mpomropeiag 3 Zwikd
deg Nitrog
[60] 6V-71N- PuBuioeig D-2 11.72 0.282 3.18 0.86 0.212 - -
77TMUI METOOKEUNG
PuBpioeig B-20/ 11.88 0.323 3.1 0.74 0.260 14.5 1.4
METOOKEUNG 2oyia
Pubuioceig D-2 11.72 0.159 1.64 0.42 0.095 -43.6 0
METOOKEUNG +
KataAiTtng
PuBpioeig B-20/ 12.11 0.166 0.86 0.38 0.118 -41.1 3.3
HUETOOKEUNG + 2oyia
KataAiTtng
PuBpioeig D-2 8.31 0.378 3.88 1.02 0.221 34.0 -29.1
HUETOOKEUNG +
ANayn
Tpotropeiag 4
deg
PuBpioeig B-20/ 10.29 0.32 2.47 0.72 0.259 135 -12.2
UETOOKEUNG + 2oyia
ANayn
Tpotropeiag 1.5
deg
PuBuioeig B-20/ 9.5 0.312 3.15 0.79 0.215 10.6 -13.9
HUETOOKEUNG + 2oyia
ANayn
TTpotropeiag 2.5
deg
PuBpioeig B-20/ 8.48 0.375 3.4 0.81 0.260 33.0 -27.7
UETOOKEUNG + 2oyia
ANAayn
Tpotropeiag 4
deg
PuBpioeig B-20/ 8.47 0.213 0.94 0.42 0.119 -24.5 -27.7
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METOOKEUNG + Zoyia
AAN\ayn

mpotropeiag 4

deg + KataAUTng

[61] 6V-92TA-  EpyooTaciakég A D-2 10.06 0.268 2.16 0.42 0.144 - -
81/99 MUI
EpyooTtaoiakég A B-20/ 10.5 0.26 1.81 0.36 0.171 -3.0 4.4
Zoyia
Epyootaoiakég + A B-20/ 10.4 0.15 1.08 0.14 0.064 -44.0 3.4
KataAiTtng Zoyia
Epyootaciakég + A B-30/ 10.7 0.26 1.69 0.29 0.183 -3.0 6.4
KataAuTtng 2oyia
AMNAayn A D-2 9.69 0.26 2.13 0.41 - -3.0 6.7
mpotropeiag 1.5
deg
AMNAayn A B-20/ 9.04 0.27 2.19 0.35 - 0.8 -10.8
mpotropeiag 3 2oyia
deg
AMAayn A B-20/ 10.0 0.24 1.77 0.32 - -10.5 -0.6
mpoTtropeiag 1.5 2oyia
deg
AAAayR A B-20/ 9.61 0.263 2.03 0.33 - -1.9 -4.5
mpotropeiag 2 Zoyia
deg (1.488in.)
ANayn A B-20/ 9.35 0.161 1.54 0.11 - -39.9 -7.1
Tpotropeiag 2 26yia
deg + KataAutng
[86] DDC 6V- EpyooTaciokég H D-2 4.84 0.227 151 0.44 - - -
92TA-91
DDECH
EpyooTtaoiakég H KaBaprn 5.61 0.164 0.81 0.09 - -27.8 15.9
Kpaupn
EpyooTaoiakég H KaBapn 5.79 0.152 0.87 0.12 - -33.0 19.6
>oyia
[87] DDC 6V- EpyooTaciokég H D-2 4.855 0.338 2.499 0.526 - - -
92TA-89
DDECH
EpyooTtaoiakég H B-10 4.9666 0.286 2.366 0.530 - -15.4 23
20yIa
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MINAKAZX 27. Emidpacn mmpoaBnikng 20% pebuleatépa ooyieAaiou ae Kaualuo vTiCeA aTig ekTrouTTrég PM
ka1 NOx 2-X kivnTripwv vTiCeA

MapatrouTn) KivntApag 2ZXETIKA METABOAN diaAuToU MNocooTiaia MocooTiaia
opyavikou KAdouartog o€ peTaBoAR peTaBoAR
oxéon Je 10 Bagikd KAUGIUO eKTTOUTTWOV PM ekTTOUTTWOV NOX
[16] 6V-71N- 88 -2,4 2,4
77MUI
[17] 6V-92TA-91 40 -11,2 54
DDECII
[24] 6V-92TA-87 NA -5,1 3,1
MUI
[31] 1987 6V- 52 +5,1 6,1
92TA MUI
[41] 1988 6V- 58 0 4.8
92TA DDECII
[59] 1991 6V- 25 -22,5 2,5
92TA DDECII
[60] 1977 6V-71N- 75 +14,5 14
MUI
[61] 1981/89 6V- 54 -3,0 4,4
92TA-MUI
[87] 1989 6V- NA -15,4 2,3
92TA
DDECII’

* MeTpAoeig piypaTog yia 1o B-10

Mia ocipd digpeuvoewy atreédele 0TI ol eKTTOUTTEG NOX yia xprion BiovTifeA B-20 ytropouv
va MdelwBouv ge emimmeda idia 1 akOua Kal PIKPOTEPA AUTWY TIOU TTPOKUTITOUV YIa Kauon
Kaugigou vTigeA D-2 pe peiwon Tng TpoTTopeiag €yxuong katd 1-40 TnG ywviag otpo@diou. H
MEiwON TNG TTPOTTOPEIOG TTPOKAAEI EVTOUTOIG AUENON TwWV CWHATISIWY aIBAANG a@OoU o1 HETARBOAEG
TTou €ival uttelBuveg yia Tn peiwon Twv NOX TTPOKAAOUV UEIWOEIG OTN WEYIOTN Bepuokpaacia
Kauong odnywvTag €101 o€ aUgNan Twv CWHATIOIAKWY EKTTOUTTIWY KAl 0€ avTioTolxn augnon Tng
KatavdAwong kauoigou. To TToo00To peiwong Twyv NOX yia didgopoug 2-X KIVNTAPES VTICeA
Kupavenke a1 1.9% wg 7.3% ava poipa hHETABOANG TNG TTpoTTopEiag €yxuong. Tautdypova. ol
EKTTOUTTEG cwMaTIdiwv auéndnkav atd 0.5% wg 8.5% oe oxéon pe TNV Pn aAAayr g
TTpoTTopEiag yia 10 Kavuolpo B-20. MetaBoA Tng TmpoTropeiag £yxuong Katd TTOAAEG Hoipeg
MTTOPEl va dpdaacel apvnTIKG OoTNV AEITOUpyia TOU KIvNTAPA.

MNa va diatnpenBei n peiwon Twv cwuamdiwv alBdAng pe TN xpAon PBlovtileA kal va
TTapapeivouv ol eKTTOPTTEG NOX o€ emmimreda idla pe 1o avrioTolXa armmd Tn XPrRon CUUBATIKWY
Kauoipgwy vTiCeA. To NBB 1TpdTeive 10 cuvduaoud PETABOAAG TNG TTPOTTOPEIAg £€yXuong WE TN
eyKaTdoTaon KataAuTtn. Bpébnke ouvettwg OTI N Xprion KATtaAuTn oc ouvdudoud he allayr g
TIpoTTOpEiag £yxuong o€ 2-X KIVNTAPES VTICeA TTOU AsiToupyouv Je Blokauoiua €dwaoe éva PIKPO
TIAEOVEKTNUA O OXEON WE TN cupBaTIKA AcIToupyia Twv KIVNTAPWY Pe KaTaAutn NOX kal Kaugldo
vTiCeA No 2. O Adyog yia autd TO aTTOTEAECHO gival OTI OI OEEIBWTIKOI KATAAUTEG WTTOPOUV va
KATAKPOTAGOUV POVO TO TTOO00TO SIOAUTOU Opyavikou TTPoIOVTOG Twv owuaTidiwv ailbaAng. Ol
EKTTOUTTEG UYPWV OTayOvVwY eAdiou Kal aiBAGANG €ival yevikd péyeBog PIKPOTEPO aTTd 1 um Kal
ouykpatouvtal aueca AOyw TnG TTPOOKPOUCNG ME TA TOIXWMATA TOU KATOAUTN Adyw Twv
aAaywv porig diauécou autou. ‘ETol autd Ta UAIK& TTEpvOUV Slapécou Tou povoAiBou Tou
KataAuTtn. Movo kaloipga ouoTaTIKG TToU PTTOpoUV va OlaxuBouv dueca oTnv €mMIQAVEIQ TOU
KataAuTn kai €101 va 0&eidwBoulv. AKQUOTO OUCTATIKA KAuoigou Kal AITTavTikou eAaiou
BpiokovTal ce agpia gdacn 6Tav o KIVNTAPAS A&iIToupyei 0 UWPnAd QOPTIO yIa APKETO XPOVIKO
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OIGoTNUO WOTE va TTAPAyEl ETTAPKWG UYWnAég Bepuokpacieg kauoaepiwv. ‘ETol. n IKavoTnTa
KatakpdTtnong cwuatmdiwv aiBaAng Twv KatoAutwy ofeidwang cival yevikd PIKPOTEPOG aATTO
100% ka1 eEapTdTal Ao TNV €VTaOT TOU KUKAOU 08rynong.

H etaipia Adept Group [31] TTpayudaTtoTroince TTEIPAUATIKEG WETPNOEIC O€ €vav KIvnThApa
6VI92TA MUI tou 1983. 0 omroiog petaokeudoBnke 10 1987 WOTE va €XEl XAUNAEG EKTTOUTTEG
pUTTWV HeE PBaon Ta Opia TTou eixe Ofoel ekeivn Tnv emoxn 10 EPA. O1 petproelg éyivav
XPNOIMOTIOIWVTAG WEBUAEOTEPEG OoyIEAQioU KAl KPpauPBeAdiou avaEUIYUEVOUG PE OuPBaTIKA
Kauolga vTiCeA. Ta atroTeAéoPOTa QUTWY TWY UETPAOEWY divovTal atov livaka 25. H péon Tiun
eKTTOUTIWV SOF atmd autd Tov KIVNTAPG KUPAvenkav o1o 51% Twv CUVOAIKWY EKTTOUTIWY PM yia
Ta duo kKauoiya avagopds. O1 ekmmoutrég NOX aufnbnkav 1600 KATA Tn XPNON €0TEPWV
KpauBeAaiou kal 600 Kal KAt Tn XPAoON MIYMATWY €0TEPWV OOYIEAQiOU O€ avaAoyia PE TO
TTO000TO 0EUYOVOU TTOU TTEPIEIXE TO EKAOTOTE PiyHa Kol auTd Ta atTroTeAéopaTta epIAauBdvoval
otnv Eikéva 10. Otav xpnoiyotroindnkayv piypara uebuAeoTtépa KpappPelaiou oe TTooooTtd 20%
ol ekTTouTTéG NOX auénonkav katd 4.5 kal 3.8% avTioToixa yia Ta piyuata pe Kauolua vTigeA
EPA kai CARB. O1 ekmroutrég PM peiwdnkav katé 10.2 kai 4.8% avTtioToixa yia 1a idia piypara.
O Mivakag 20 etriong TTapouciddel atmoTeEAECPOTA TTOU €iXav GUAAEXDEI XpNOIUOTTIOILVTOG évav
Kivnmpa 6V-92TA DDECII yia piyyara peBuleoTtépwy coyieAaiou Kal AITTOUG peE cuuBatiko
Kauaoipo vrigeh No 2 [59]. O1 ektropttég NOX yia Ta piypdaTta JeBUAEOTEPA coyleAaiou Kal AiTToug
nrav 4.51 kair 4.71 g/bhp-hr avrictoixa evw or ekmmoutég PM Atav 0.214 kar 0.219 g/bhp-hr
avTtioToixa. Atré 6T @aiveTal Ogv UTTAPXEI ONUAVTIKA dla@opd OTIG eKTTOPTTEG NOX Kal PM petagu
TWV KQUCiJwyv TTou Trepigixav BiovTiCeA coyieAaiou Kal AiTToug avTioToixa.

MINAKAZ 28. MNeipapatikéG HETPAOEIG pUTTWYV aTTd dUO TTAAQIOTEPOUG 2-X KIVATHPEG OXNHATWY YId
Kauaipo B-20 mou eAf@Bnoav e Bdon 1o auvBeTo KUkKAo NY [66.68]

NOy PM SOF

(g/mile) (g/mile) (%) ‘OEUOES
1981 DDC 8V-71
D-2 352 091 518 040
B-20 30.7 148 722 042
B-20 + 322 089 483 025
KATaAUTNG
B-20+ 263 155 671 048
METABOARA TTpoTTOpPEIag
B-20 +
KATaAUTNG + 34.3 1.12 49.4 0.30

METaBOAN TTpoTTOpEiag
1988 DDC 6V-92TA
D-2 27.3 130 65.6 0.31
B-20 27.1 1.46 68.0 0.31
B-20 + kaTtaAUTng 23.7 1.02 51.0 0.28

B-20+ 269 179 520  0.39
METABOAA TTpoTTOpPEiag

B-20 + kaTaAUTNG +

METABOAN TTpOTTOpPEIag

O1 McCormick et al. [87] diepelvnoav Tnv €TTidPACH 0EUYOVOUXWV HIYMATWY (1% TT0000TO
ouyovou) oe évav kivntipa 6V-92TA DDECII Tou 1989 XpnOIUOTIOIWVTAG KAVOVIKI) OKTAVOAN.
Oekavolko o&U kal eBuAeoTépa coyiehaiou. OAa Ta ofuyovoUuxa KaUoiha TTPOKAAECAV ONUAVTIKA
MEIWON TWV EKTTOPTIWV CwHaTIdiwv alBAANG Tmou Kupdavenke amd 12 wg 17%. To piypa
MeBUAeoTéEPa coyieAaiou TTpokdAeoe augnon Twv ekmmoutTmwyv NOX katd 2% o€ oxéon ME TN
oupBaTik Aeiroupyia Tou KivnTApa peE BaBud eutmoToouvng 95%. Ta ofuyovouxa piyuata
XOauNAOGTEPOU popiakoU Bdpoug oe oxéon Pe To BlovTieh (dekavoikd o&U Kal OKTavoAn) dev

- 1.21 36.5 0.34
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eTNPEACAV onUAvVTIKA TIG eKTTOUTTEG NOX. AuTh n digpelivnon £0¢€IEE N XPron Twv 0{uyovoUXwV
KAUGiHWY TTPOKAAEI YEVIKA PEIWON TWV EKTTOUTIWY owuaTidiwv aiBGANG. n oTroia €ival avaioyn
TOU TTO00CTOU Oguydvou TTou TTPOOTIBETal OTO KaUOoIYo. ETITTAéov. Ta atmmoTteAéopaTa deixvouv
OTI o1 ekTTouTTéEG NOX @aivetal 6T €apTwvTal ammd To €ido¢ Tou ofuyovouxou TTPOCOETOU TTOU
XPNOIUOTTOIEITAl.

MINAKAZ 29. 20ykpion JeTagU EKTTOUTTWV PUTTWYV aTTO €va KAUGIKO VTiCeA xaunAou Beiou (D-2) kai
KaBapod peBuAeoTépa ooyieAaiou TTou eAReBnoav pe Baon 1o kKUkAo 0driynong CBD yia éva dixpovo
Kivntrpa 6Q-92 (uéoeg TINEG aTTd TTOAAOUG KUKAOUG) [89]

Exkmroutrég  NTieA xapnAou Beiou  100% MeBuAeoTépag  MeTaBoAn

(g/mile) ooyleAaiou (%)
THC 2.58 1.04 -59.8
NOy 44.53 48.64 9.3
(60) 56.87 36.23 -36.3
PM 5.10 2.71 -46.8

lNeipauarika AmmoteAéouara Purrwy amro 4-X Kivntipes NTieA

AloBéoipya TTEIPAPOTIKG ATTOTEAEOPATA PUTTWV OTTO TETPAXPOVOUG KIVNTHPEG VTICEA €xXOuv
ouyKkevTpwOei oTov lMivaka 27. Ta atroTeAéopaTa agopouv Wiyuata ueBuAeaTépwy coylieAaiou
OTTwG emriong MeBUAeOTEPEG Kal aiBUAeoTEPEC KpauBeAaiou. To ZxAua 16 Oeixvel TTwg
pHeTaBdANovTal OI EKTTOPTTEG PUTTWV HE TO TT0000TO avauiEng o€ PlovtiCeh amd duo
KATAOKEUQOTEG KIVTAPWY Kal TUTTOUG KIVNTHPWV.

Ta atmoteAéopata  TrepIAapBdavouv  TECOEPIG avegdpTNTEG OIEPEUVAOEIG TTOU  £yivav
XpnoigotroiwvTtag  diagopeTikoug  kivnTipeg DDC  Zeipdg 60 [9.19.42.87]. Emiong
mepiAapBavovTal ammoteAéopara armd kivntipeg Cummins L-10. N-14 ka1 B5.9 [24.69]. Aiag@opég
METOEU Twv KIVATAPWY Twv OUO KATOOKEUOOTWYV o@eilovtal TTBavoTaTa OTIG OIAPOPETIKES
Tpooeyyioelig TTou akoAouBniBnkav yia Tn BeATioToTroiNON TNG ouvdlakUhavong aiBaAng-NO
(Soot-NO trade-off). Eivar onupavtiké va avagepBei 611 o KivnTAPEG Kol Twv Ouo
KATOOKEUOOTIKWY OIKWV EKTTAIpWOAV TA 0PI EKTTOUTTWV PUTTWV €KEIVNG TNG TTEPIOdOU OTaV
AeIToupynoav ue Kauaoipo vTideh No.2.

PM DDC Engines
NO, DDC Engines

PM Cummins Engines
NO, Cummins Engines

prPOO®

0 2 4 6 8 10 12
MooooTé Ofuydévou oTo BiovTileA 1} oo Miypa (%k.B.)

MooooTiaia MeraBoAr] PUtrou wg mpég Baoiké Kavoipo

IXHMA 23. MetafoAn Tng TTooooTiaiag diakupavong Twv ekmouTTwy PM kar NOx cuvapTtoel Tou
TToo00TOU 0&uydvou oTo piypa BlovTiCeAvTiCeA A 01O KaBapd Kauaipo BiovTiCeA. AivovTal atroTeAéopaTta
yla d1d@Oopoug KIVNTAPEG VTICEA.
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MINAKAZ 30. 20voyn TTEIPAPATIKWY ATTOTEAETUATWY OTTO BOKIUEG KUKAWV PETARATIKAG AsiToupyiag 4-X kivnTrpwy VTiCeA Bapéog @épTou H =
TpayuaTiki Asitoupyia (hot runs), A = ouvBeTeg dokIpéG (composite)

BiBA. Kivntipag PuBuioeig Aokiun  Kauoiuo NOx PM CcoO THC SOF MeraBoAn  MeraBoAn
TapaTTouTT! (g/bhp-  (g/bhp-  (g/bhp-  (g/bhp-  (g/bhp- PM NOx
hr) hr) hr) hr) hr) (%) (%)
[19] DDC EpyooTaoiokég A D-2 4.635 0.300 4.458 0.164 - - -
Series
60-91
DDECII
EpyooTtaoiokég A B-20/ 4.688 0.259 4,141 0.143 - -13.72 1.14
BiovTiCeA
2oylehaiou
EpyooTaoiokég A B-35/ 4.680 0.222 3.668 0.148 - -26.13 0.97
BiovTiCeA
2oyieAaiou
EpyooTtaoiokég A B-65/ 4.848 0.165 3.178 0.120 - -45.08 4.60
BiovTiCeA
>oyieAaiou
EpyooTtaoiokés A KaBapd 5.166 0.102 2.363 0.092 - -66.05 11.46
BiovTiCeA
2oylehaiou
[24] Cummins Epyootaciakég A DF-2 5.64 0.309 2.33 0.89 - - -
L-10-87
MUI
EpyooTtaciokég A B-20/ 5.78 0.280 1.96 0.82 - -9.4 2.5
BiovTiCeA
2oyieAaiou
AAAayn A B-20/ 5.55 0.301 1.86 0.89 - -2.9 -1.6
TTPOTTOPEInG BiovTiCeA
katd ? deg ZoyieAaiou
EpyooTtaoiokég A B-20/ 5.78 0.189 0.91 0.28 - -38.8 2.5
+ KataAuTng BiovTiCeA
>oyiehaiou
AMayR A B-20/ 5.36 0.217 1.04 0.34 - -29.8 -5.0
TTPOTTOPEIag BiovTiCeA
Katd ? deg + 2oyieAaiou
KaTtaAuTng
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To ZxApa 15 ocuykpivouevo pe 10 ZXAMa 14 1Tou agopouce Bixpovoug KIVNTAPES VTICEA
Ocixvel 6T n aufnon Twv NOx ocuvaptioel Tou TTOoooToU OfuyOovou TOU KOUGIUOU OTOUG
VEOTEPOUG  TETPAXPOVOUG KIVNTAPEG VTICeA pTmTopei va gival pIKpOTEPN aTTd  €Keivn TToU
TTapatnendnke otoug 2-X Kivntipes. MNa Tapddeiyua. yia TooooTtd 2% 010 KaUoIhgo n augnon
Twv NOx givail mrepiTrou 3% 0€ oUyYKpION PE TV AvTioToIXn aUénon OToug 2-X KIVATHPESG TTOU
nrav 5%. Emiong n peiwon twv PM otoug 4-X kivntpeg ATav tepimou 15% evw avtiBeta n
avTioToixn peiwon otoug 2-X kivnTApeg Atav tepittou 10%. H peyaAlTepn OXETIKN PEIWON TWV
EKTTOUTTWV CWHATISiWY aIBAANG TTou TTapaTtnpEndnke oToug 4-X KIVNTAPES VTICeA iocwg ATav
avapevopevn eEaITiog TNG oNUAVTIKA XaunAdGTEPNG TTOOOTNTAG BIAAUTOU opyavikoU KAGoPATog
(SOF) Twv extropttwov aiBAAng atréd 4-X kivntrpeg vTiCeA. Ta Toug Tpeig Kivntipeg Cummins. n
péon troooaoTiaia avg¢non Twv NO ATav povo 0.4% kai n KAion TNG KAUTTUANG TTaAIvépounong
nrav Aiyotepn amd 0.02. MNa autd pe Oedopévn 10 PaBud afefaidTNTAg QUTWY  TWV
ATTOTEAEOPATWY. 01 eKTTOPTTEG NOX dev auérBnkav ouciacTiKd yia TNV opdda Twv KIvNTAPWY
Cummins w¢g ouvoho. H emBewpnon Twv atmmoteAeopdtwy Tou llivaka 27. @avepwvel
TTapoAaUTA OTI 0TOUG BUO KIVNTHPES £TOUG KaTaokeung 1987 dev augnbnkav ol ekTToutrég NOX.
210 KivnTApa B5.9 mraparnpridnke peiwon Twv ekmoutmwyv NOXx katd Tn AIToupyia Tou €iTe Pe
MEBUAeoTEPa coyieAaiou €ite pe peEBUAeoTEpa kpauPeAaiou. lMapoAautd. n peiwon Twv
ekTTOUTTWV PM TT0U €mMITEUXONKE OTOUG KIVvNTAPEG Cummins ATav agloonueiwTa XapunAdTepn atmod
ekeivn Tou eARYON oToug kivnTrpeg DDC.

To Zxnua 17 O&cixvel OTI O eKTOUTIEG PUTTWV HE BeopoBeTnuéva OpIa  EKTTOPTIAG
peTaBdAAovTal oxedOV YPAPMPIKA HUE TO TTOOOOTO OEUYOVOU yia MIO CEIpd KIVNTAPWY Tou 18iou
KATOOKEUOOTH A yia pia dedopévn TTPooEyyion avdamTuéng Kivntripwy. Av Bswprooupe OT
UTTAPXEI YPAMMIKOTNTA. TOTE Ol AEPIEC EKTTOPTTEG PUTTWV 4-X KIVNTAPWY VTICEA TTOU AcITOUpPYyOUV
Me BiovTieA cival aveEdptnTeg Tou TTOoOOTOU O€ KAUOIYO VTiCeA No 2 kal egapTwvTal ammd TO
€idog TOU KIVNTAPQ i TwV pubuicewyv Tou KivATAPA. MNa To000Td PlovTifeA TTavw atmd 20%. Ta
atroteAéopaTa Tou lMivaka 27 deixvouv CUGTNPOTIKA JIa PIKPR alnon Twv EKTTOUTTWY 0pyavikou
OIOAUTOU KAGOUATOG Vyia OIEPEUVAOEIS TTOU METPABNKE TO BIAAUTO opyavikd KAAopa. Autd
atrodeikvUel 6Tl 0 ouvOUAONOG BIovTiCeA i piypaTog BIovTiCeA Kal 0ZEIdBWTIKOU KATAAUTN VTiZeA
MTTOPEI va dwaoel auénuéva oQéAN aTmd TNV PEIWON TwWV EKTTOPTTWY CWHATISIWY aiBAANG. MoAAEG
atrd autég TIG dIEPEUVNOEIG TTou ava@épovTal oTtov [Mivaka 27 e&étacav Tnv emidpacn Twv
KaTaAuTWwV 0&gidwaong Kal Ta ATTOTEAEGUATA TOUG TTapouaiddovTal 010 ZXAWa 17.
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MooooTd Ofuydvou oTto BiovTileA 1] oTo Miypa (%K.B.)

IXHMA 24. MetaBoAn TnNG % O10KUPAvVONG TwV EKTTOUTTWY PUTTWY WG CUVAPTNON TOU TTOOOOTOU
oguyovou aT1o kaBapd BiovTiCeA 1) aTo piyua BiovTiCeN/vTiCeA. MapouaidlovTal aTroTEAECUATA VIO KIVNTHPES
Cummins d10QOpwWYV ETWV KATAOKEUNG Kal TTIONG OivovTal ATTOTEAECUATA VIO KAl XWPIG TNV TTapouaia
KATaAUTN
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AtroteAéopata uttTdpxouv dlaBéaiya povo yia KivnTipeg Cummins Kal @avepwvouv OTI N TITWoN
TWV EKTTOUTIWV CWHATIOIWY aIBAANG PTTopEi va eviabei e cuvduaouo xpriong PiovTileA Kai
KaToAuTWV 0&eidwong. Me Bdon ammopovwuéva ammoTeAéopata oTTd dIAPOPETIKEG BIEPEUVIOEIG
Oev utropei va e€axdei éva cagpéc ouptrépacpa. MNMapoAautd Ta aTToTEAETUATA OTO GUVOAO TOUG
Ocixvouv 0TI n xprRon KataAuTtn o&eidwaong o€ 4-X KIVNTAPES €ival TTOAU TTIO ATTOTEAECUATIKA aTTd
™ xprion BlovtieA o€ oTToIOdATTOTE TTOGOOTO AVAMIENG OGOV aPopd TNV KEIWON TWV EKTTOUTIWY
ocwpamdiwv ailBaing. Otav BéBaia ocuvduddeTal n Xprion KataAuTtn ogeidwaong kal BlovTigeA T16T1e
MTTOPOUV Va ETTITEUXOOUV PEIWOEIG TV KTTOPTTWY PM akdun kai 50%.

Mia péBodog peiwong Twv ektmouTTwy NOX Katd Tn Xprion BIoKausipywy Kal dlaTrpnong Toug o€
emiteda idla pe ekeiva TTOU TTPOKUTITOUV ATTO TNV KAUON CUupBaTikou Kauoigou vTigeA No 2
agopd TNV augnaon €ite Tou apIBPOU KETAvIOU 1 TNV MEIWON TWV APWHATIKWY Udpoyovavepakwy
TOU Kauoipou. H eTmidpaon autwv Twv IBIOTATWY OTIG EKTTOPTTEG aTTO KIVNTAPEG VTICEA €XEl
eceTa00¢ei o¢ didopeg diepeuvnoelg (BAETTE BIBA. TTapatrouTrA [40]). Mevikd. Ta piypata BiovTiCeA
Oev avTidpoUlv KaTté Tnv TTPooBnkn TTPOoBEéTwY auénong Tou apiBuou ketaviou [23.41.42]. O
Sharp [42] Bprke om ATav duvaTr n peiwon Twyv ekTouTmwy NOX Katd 6.2% pe TauTdXpPOVN
Meiwon Twv ekTTOPTTWY cwuamdiwv alBaAng katd 9.1% katd tn Xpron BlovTieh. AG onueiwBei
emiong Oml o€ auth TV TEPITTTwon 1o piyua PiovtiCeA B-20 dev mrpokdAece augnon Twv
ekTTOuTTWV NOKX.

O1 Graboski et al. [19] pdTeive 6T oudéTepa WG TTPOG TIG eKTTOUTTEG NOX piyuaTa Kauaipwv
vTiCeN he BlovTiCeA ptTopouv va TTapaxBouv PETARAANOVTAG €ITE TO APWHATIKO TTEPIEXOUEVO TOU
BaoikoU Kauaipou vTieA €ite Tov apiBud KeTaviou Toug. AuTr] n TTPOTACH BOKIJACONKE ATTO TOUG
Daniels et al. [92] o€ éva kivnTApa DDC Series 50. 'Eva Kauoigo vTigeN pe XapunAd apwpatiko
TTEPIEXOUEVO (23.9%) avapixBnke pe BIOVTICEN WOTE va dWOOUV £va Piypa PE TTOOOOTO BIOVTiICEA
20% (B-20) kol autd avapixBnke WeE Pia PIKPR TTOOOTNTA KAVOVIKOU dekaggaviou (KETAVIO) ME
OKOTTO TO TTPOKUTITOV Miyda va €xel apiBuo keTaviou va €xel idla Ty apiBuol KeTaviou Pe 1O
TOTOTTOINUEVO KAUOIPO VTICeEA No 2. To XaunAdTeEpo apwuaTikd TTEPIEXOUEVO TOU KAUGIUOU £V
OUYKpPIO€El JE €KEIVO TOU TTIOTOTTOINMEVOU KOUGCIPOU NATAV OPKETO YIO VO €EOUDETEPWCEI TNV
auénon Twv ekTTouTTwy NOX TTOU TTPOKANBNKE aTTO TNV TTPOCBNKN Tou BiovTiCeA. Tnv idia oTiyun.
Ol CWUATIBIAKEG EKTTOPTTEG MEIWONKAV WG TTPOG EKEIVES TTOU EiXE TO TNIOTOTTOINUEVO KAUGIUO KOTA
24%. Oa ptropouoe va uttooTnpPixOei 0TI Ta 0QEAN peiwoNG Twv ekTTOUTIWY PM o@eilovtav OTIg
1010TNTEG TOU PACIKOU KAUGIMOU avapigng kai 6x1 otnv TTpoaBnikn BiovTifeA agou n heiwon Tou
QPWUATIKOU TTEPIEXOPEVOU TTPOKAAED ETTIONG PEIWON TWV CwHaTIdIOKWY PUTTWV. MNMapoAauTd. ol
EKTTOUTTEG CWUATIBIWY yIa TO piyua BIOVTICEN KAl KAUGIHMOU JE XOUNAG APWHATIKO TTEPIEXOUEVO
nrav 14% kdatw amd ekeiveg TToU £dwae 10 BacikG KAUOIMO XapnAOU apwuATIKOU TTEPIEXOMEVOU.
AuTO deixvel N avapodpewaon ToU KAuaigou pe TTpoaBrikn oguyévou Kal PEiwon Tou apwuaTikou
TTEPIEXOMEVOU QTTOTEAEI HIa TTOAAG UTTOOYXOMEVN TTPAKTIKA MEIWONG TWV EKTTOUTTWV CWHATIOIWY
aIBAANG xwpic TTapdAAnAn empBdpuvon Twv ekmmoutTmwy NOx. H emidpaon NG METABOANG
TIPOTTOPEIAG £yXUONG OTIG EKTTOUTTEG PUTTWYV KATA TN AEIToupyia pe Blokauoipa €xel e€eTaoBei o¢
KivnTipeg Cummins L-1024 kar Cummins N-1469 kai ammoteAéopara divovtal otov lMivaka 24.
Omwg mapatnpnbnke o€ 2-X KivNTAPEG VTICEA. N HEiwWON TNG TTPOTIOPEIag £yxuong KATa Tn
AeiToupyia pe piypota BiovrieN ptTopei va TTPokoAéoel peiwon Twv ekTTouTTwY NOX Xwpig
aAAoiwaon TG peiwong ekrouTmwy PM kai emdeivwaon Tng oikovouiag kauaoipou. MNa Tapddeiyua.
otn dlgpeuvnon Tou Tpayuarotroifdnke amd tnv Ortech [69] n peTafoAr Tng TTpoTtTopEiag
€yxuong katd tn Asitoupyia pe kauoipgo B-20 mTpokdAeoe augnon Twv ekmmoptTwyv PM katd 4.1%
oe ox€on ue Ta avtioToixa eTTitTeda yia Asitoupyia pe vrigeA. H xprion idlag TIuAG TTpoTTopEiag Ye
évav KAtaAuTn o&egidwong Trapriyaye peiwon Twv eKTTOPTTWY PM katd 23% kai Tautodxpovn
peiwon Twv NOx katd 3.5%. Emmpoobeta atmroteAéopaTa atrairolvTal yia Tnv €mReRaiwaon Kai
TTOOOTIKOTTOINON QUTWY  TwV  EUPNUATWY. TApoAauTd. ¢€ivalr oca@nAg n arraitnon  yia
TTpayuaroTroinon pubuicewv o€ ocupBaTikoug 4-X KivnTAPES VTICEN WOTE auToi va AeIToupyolv
IKOVOTTOINTIKA Y€ BIOKAUOIUA i MiYHATO QUTWYV XWPEIG apvnTIKEG ETTITITWOEIS OTN AEITOUPYIKK TOU
atrodoon Kal OTIG EKTTOUTTEG PUTTWV.
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210 ZxNUa 18 Tou akoAouBei TTapoucidleTal N €midOpACN TOu TUTTOU TOU OguyovoUxou
TTPOcOeTOU (€0TEPA €Aaiou Kal YAUKOAQIBEpPQ) OTIC eKTTOUTTEG aiBAANG kai NOx. H oxeTikA
METARBOAN Twv eKTTOPTTWV aIBAANG METALU Tou PBaoikoU kaucigou DI1 kKal Twv o&uyovouyxwv
kauoiywv RME30 (70%k.B. Baoikd kauoiuo vTigeA & 30%k.B. RME) kai GLY30 (70%k.B. Baoiko
Kauolpo vTifeA & 30%K.[B. yAukoAaiBépeg (Glymes)) O0TTwg etiong peTagl Twyv kauoipwyv RME30
kal GLY30 wg ouvdptnaon tou @opTiou Tou KivnTApa oTig 2000 caA tTapoucidletal oto Eikéva
15a. Omrwg diammoTwveTal. N alBAAn peiwvetal étav 160 10 RME 600 kal o1 FAukoAaiBépeg
TPooTiBevTal O€ €va euTTopIKO Kauoiyo vTifeA D1. H Bemikn emidpacn OTIG eKTTOUTTEG aIBAANG
gival uynAdTEPN OTNV TTEPITITWON Tou {eUyous Kauoidwy DI1- GLY30. 6TTou n OXETIKN PEiwon
Kupaiveral uetagu 19% wg 37.5% o10 80% ToUu QopTiou. TNV TTEPITITWON TWV KAUGT WY BOKIKAG
DI1 kai RME30 n toocooTicia peTafoAry kupaiveralr pyetagy 10.5% oto 80% TOu @opTiou wg
15.5% oT10 60% Tou TTAfpPoug @opTiou. Mapartnpeital P OXETIKA HEiwon TG aIBAANG oTav
peTaBaivoupe atmd To RME30 oto GLY30. n otroia kuuaiveral amd 3.5% oto 60% Tou QopTiou
w¢ 30% oT1o 80% Tou @opTiou. O1 uYPNASTEPES OXETIKEG PEIWOEIS AIBAANG OTNV TTEPITITWON TWV
Ceuywv kauoipwv DI1-GLY30 kai RME30 - GLY30 tmraparnpouvtal oto uynAd @oprio (80% Tou
TTAPOUG PopTiou).

H 1rocooTiaia petafoAr twv ekmmouTrwyv NOX petafu twv feuywv kauciywv DI1-RME30. DI1-
GLY30 kai RME30-GLY30 divetal oto Eikdva 158 yia OAeg TIG TTEQITITWOEIS AEITOUpPYiag TTou
eCetaCovral edw. Omwg TTapatnpeital. n TPocOnkn €ite RME €ite MAukoAaiBépwv cuvodeueTal
até pia augnon Twy ekmmoutrwv NOX. n oTroia €ival Mo XApaKTNPIOTIKI) OTNV TTEPITITWON TTOU TO
kauoigo tepiExel MAukoAaiBépeg (GLY30). EidikOTEPA. N OXETIKA auénon Twv ekmmoutTwy NOX
gival upnAoTepn yia 1o Kauoiyo GLY30 cuykpivopevo pe 1o RME30. H auénon Twv eKTTOUTTWV
NOx pe Tnv TPOCOAKN Kai Twv duo TUTTWV TOu ofuyovouxou TTpocBeTou atodideTar oTnv
augnon NG TOTTIKNAG CUYKEVTPWONG 0EUyOvou O0TO BAAOUO KaUoNGg Kal KUPIWG. O€ TTEPIOXES TNG
déoung TTou gival TTAoUCIEG 0€ Kauoiuo. H TTapouacia Tou ofuydvou o€ cuvduacouo Pe TRV augnaon
NG BeppoKpaaTiag Tou agpiou Eaitiag TNG alENoNg TNG TTieong KUAivdpou Katd Tnv didpkeia TNG
Kauong €uvoei Tov oxXnUaTioud Twy Bepuikd TTapayopevwy o&eldiwv tou alwtou. Oco yia 10
ouyovoUxo Ceuyog kauoipywv RME30 - GLY30. diamoTtwvetal augnon Twv ektroummwyv NOx
otav petapaivoupe amd 10 RME30 oto GLY30. n otmoia kupaivetar amd 1% oto 80% Tou
@opTiou wg 8.5% o1o 40% Tou TTARPoug YopTiou. H diagopd oTig ekTTOuTTEG NOX PETAgU Twv
oguyovouxwv kauoiywv RME30 kai GLY30 ptropei va amodobei 010 uywnAdTEPO TTOCOCTO TOU
o&uyovou (9%) tou mrepiéxeTal oTo Kauoiuo GLY30 ouykpivopevo pe o RME30 (3%) mapoAo
TTOU TO TTOCOO0TO avauiEng TTapauévouy idla Kal oTig duo TTEPITTTWOEIS (30%K.[B.). ZUVETTWG. Ol
FAukoAaiBépeg  exmréutrouv  TrepiocoTepa NOx aAAd TTpokaAolv uwnAdTeEpn deiwon Twv
EKTTOUTTWV AIBAANG ouykpivopevol pe To MeBuAeoTépa KpauBeAaiou (RME).
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ZXHMA 25. AiokUpavan TnG OXETIKAG HETAROANG (a) TNG AIBAANG kai (B) Tou NO pe To gopTio Tou
KivntApa yia Ta kauoiya DI1, RME30 kai GLY30. Ta meipapatiké ammoteAégpara £xouv AngOei atré Tov
Kivntfipa Ricardo Hydra o1ig 2000 caA kai o€ 3 @oprTia (40%. 60% kai 80% Tou TTAApoUg popTiou).
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210 Z)NMa 19 aTtreikovidetal n emidpacn Tou TTOCOCTOU Kal TOU TUTTOU TOU 0&uyovouxou
TTPOCOeTOU OTNV HETPNMUEVESG eKTTOUTTEG CO kal HC yia OAeg TIG TTEQITITWOEIC AITOUpYiag TTou
egetaoBnkav. H TpooBikn Twv ofuyovouxwyv cuoTatikwyv RME kai FAUKoAaIBEpwy cuvodeusTal
amoé peiwon Twyv ekmmouttwv CO. H TTocooTiaia petafoAr Twv ektroutmwy CO eival peyaAuTepn
oTnV TEPITITWON Tou {euyoug Kauoiywv DI1-GLY30 ouykpivéuevn pe 1o eUyog Kauaiuwy DI1-
RME30 kai kupaiveral yetagu 28% ot1o 60% Tou opTiou wg 37% oT1o 40% TOU QOpPTiOU. 2TNV
TepiTTwon Tou {euyoug DIT-RME30 n oxeTiki peTaBoAn Tou {euyous kauoipwy DI1-RME30. n
OXETIKA peTaBoAn kupaivetal ammd 19.5% oT1o 40% TOU @opTiou wg 26% o1o 80% TOU POPTiOU
QugavOPEvo PE TNV auénon Tou @opTiou Tou KivnTrpd. Oocov agopd To {eUyog ouyovoUxXwv
kauoipwv RME30-GLY30, mrapatnpeital yeiwon tou CO étav petafaivoupe amd 10 KaUOIUO
RME30 oto GLY30 oe 6Aeg Ta onueia Asitoupyiag, n otroia kupaivetalr atmd 6% oto 60% Tou
@opTtiou w¢ 22% o010 40% Tou oprTiou. lNa Ta euyn kaucipwyv DI1-RME30 kai RME30-GLY30
ol uynAéTepeg TTocooTiaieg peiwoelg Tou CO rapaTtnpriénkav oto 40% Tou popTiou.

EmmAéov o010 ZxAua 193 divovTal oI avTiOTOIXEG OXETIKEG UETAPBOAEG Twv eKTTOPTIWY HC peTagu
Twv Ceuywv Kauoipwy DI1-RME30. DI1-GLY30 kot RME30-GLY30. ATTOKOAUTITETAI PJEiwWON TwV
eKTTOUTTWY HC pe TNV TTpocBiKkn Twv 0&uyovouxwy TTPOoBETWY 0TO BACIKO KAUOIPO. H OXETIKN
peiwon Twv ektmopTwyv HC (ev ouykpioel pe 1o kauoipo DI1) gival 1IoxupdTEPn OTNV TTEPITITWON
TOU KQUQGIioU TToU TTEPIEXEI YAUKOAQIBEPES eP@avifovTag pia PEIOUPEVN TAON PE TO QOPTIO TOU
KIvATAPA. 2TNV TTEPITITWOoN Tou (euyoug Kaucoipyou DIT-RME30 diamoTwveTal pia TTapouola
OUUTTEPIPOPA HE TNV TTPOonyoUuevn aAAG PE PIKPOTEPN dlakUPavaon Tou @oprtiou. MNMapartnpeital
MIa OXeTIKA peiwan Twyv ektrouTTwy HC étav petafaivouue ammd 1o kavoiyo RME30 oto GLY30
oe 6Aa Ta @oprtia. H oxeTikr peTaBoAr kupaivetal atméd 7% oto 40% Tou gopTiou wg 12.5% oT0
60% Tou TTAfpoug @opTiou. MNa Ta feuyn kauoipwv DI1-RME30 kai DI1-GLY30, n uywnAdTepn
TTooooTIaia peiwon Twy ekmmoutTwyv HC TTapatnpeital oto XapunAo goptio (40% TOU TTARPOUG
@opTiou). H peiwon twv ekmroutmwv CO kar HC étav To RME 1 o1 FAukoAaiBépeg TTpooTiBevTal
oTo Bacikd kauoiyo €gnyeital mMBavwg atd TV BeATiwon Tng ammdédoong TnG Kauong wg
atmoTéEAEOPA TNG EMTAXUVONG TNG KAUong e€aitiag TnG TTpooBrikng oEuydvou oTo KAUCIHo.

0 r 0
-10 “7 L
< < -8 -
S 20 S
S - .
w i w -12 -
= — a3
X 30 - &
o | Ricardo Hydra o 167 L Ricardo Hydra
&) 2000 coA I i 2000 coA
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(@) (B)

IXHMA 26. AlakUpavon TnG oXeTIKA HETABOANAG (a) Twv ekmoutTwv CO Kail (B) Twv ekrouTrwv HC pe 10
@opTio Tou KivnTApPa yia Ta Kauoiga DI1. RME30 kai GLY30. Ta treipapatiké atroteAégpaTa €xouv AngBei
a1r6 Tov Kivnmipa Ricardo Hydra oT1ig 2000 caA kai o€ 3 @oprtia (40%. 60% kai 80% Tou TTARpoug
QopTiou).
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To voTmitouto FEV [18] e€€étacav Tnv emidpaon Tng TTPOTTOPEiag £yxuong Kal NG TTeong
£€yxuong Katd tn dIApKEIa DOKINWY VOGS KUKAoU 13 onueiwv pe kivntipa Navistar 7.3 1 HEUI o
oTT0i0G AgIToupyouoe pe dlagopa piypata vriCeA kar BiovtiCeN coyieAaiou. Eival onuavtiké va
onpeIwdei 0TI o1 exkTTopTTéG NOX e€apTwvTal TTEPICCOTEPO OTTO TO QOPTIO KAl TNV TAXUTNTO
TTEPIOTPOPNAS TOU KIVNTHPA Kal AiyOTEPO aTTO TO €AV N AEITOUPYIa TOU KIVNTAPAQ gival JETAROTIKA A
Ox1 aAAG o1 cwHaTIBIOKES EKTTOUTTEG Kal GAAOI pUTTol eTTnpeddovTal o€ onPavTikO Badud atrd 1o
€idog Asitoupyiag Tou KivatApa (MeTaBatiki ) pn). O TMivakag 28 TTapouciddel TIG EKTTOPTTEG aTTd
auTé Tov KivnTApa. Mapouaidlovral atroTeAéopaTa Ta OTroia divouv Tn duvaTdTNTA VIO EQAPHOY
lI0QOpWY CTPATNYIKWY YIa Th BeATIOTOTTOINON TNG SlaXEipIoNG TOU KAUGiUou 6oov agopd TIg
eKTTOUTTEG pUTTWV. To FEV Bprike 61 o1 ektroutrég NOx augnénkav pe tn xprion BlovTieA yia
OAEG TIG TTEPITITWOEIG AsIToupyiag TTou €§eTaoBbnkav. MapoAautd. o pubuog TTapaywyng Kai n
Hop®n Twv cwaTIdiwy alBAAng peTaBaAloviav pe TIG ouvBnkeg Acitoupyiag. MNapatnprndnke
HEIWOoN TWV CWHATIBIOKWY EKTTOUTTIWY PE TN XPENAON MIYMATWY BIOVTICEA yia PEYAAEG TaXUTNTEG
TTEPIOTPOPNAS Kal YIa OAA TA QOPTIA TTOU £EETACBNKAV. Z€ evDIANETEG TAXUTNTEG TTEPIOTPOPNG Ol
EKTTOUTTEG CWHATIBIWV AIBAANG pEIWBNKAV TOGO OTO XaUNASG 600 Kal TO TTANPES QOPTIO AAAG Ol
OwHaTIOIOKEG EKTTOUTTEG auéABnkav oTa evdidueoa @opTtia. O1 TINEG TOU opyavikoU dIaAuToU
kKAdopatog (SOF) trou petpriOnkav katd Tn Asitoupyia pe BIOVTiCeA ATav o€ OAEG TIG TTEPITITWOEIG
uwnAOTEPEG aTTd TIG AVTIOTOIXEG TTOU KATAYPA®NnKav e ouupatikd kauolpo vTifeA. H digpelivnon
Tou FEV @avépwoe ettiong Ot piyuata peBuleotépa ooyieAaiou og TToo0ooTo avapiEng 10-30%
gival TTepIoodTEPA €UAIOBNTA O PETARBOAEG DIAPOPWY TTAPAPETPWY OE OAN TNV £KTOON TOU XAPTN
AgiIToupyiag Tou KivaTApa aTé OT piygota uywnAou tmocooTtoUl avdauigng (50 — 100%). MNa 1a
Miygata xapnAoU TToo000TOU ofuydvou. katéoTtn duvarr n peiwon Twv NOx yia dsdopéva
etritreda PM aAAd ox1 n tautéxpovn peiwon Twv PM kal Twv NOx petaBdAAovTag Tn TrpoTTopeia
£€yxuong kai Tnv trieon £yxuong. OtroladATToTE NETABOAA OTNV TTiECN 1] OTNV TTPOTTOPEIa £yXUong
yia piypgarta BiovtiCeA Aeitolupynoe 1o id10 IkavotoIinTik& yia kauoiyo vTiCeh No 2. 'ETol ol
ektroutrég NOx auénonkav kai o1 ektroutrég PM. CO kai THC émrecav o€ oxéon pe Tn Asitoupyia
TOU KIVvNTPO HE CUMPPBATIKO Kauolpo vTiCeh. E¢eTdobnke n xprion avakukAo@opia Kauoagpiwv
(EGR) pe okottd v dpon 1ng emdeivwong Twv ekmouttwv NOx kai dioTmioTwenke 6T auth N
TEXVIKN (Ox1 atrapaitnTa BEATIOTN) YTTOPEl Va TTpoKaAéoel peiwon Twv ekTTopTTwv NOX katd 10%
XWPIg emdeivwon Twv ekTTouTTwv PM A TnNG oIkovopiag Kauaiyou.

MINAKAZ 31. MNeipapatik@ amoTeAETUATA EKTTOUTTW PUTTWYV aTTd £va KUKAO doKIuwv 13 anueiwv
Aeiroupyiag trou éyivav og kivntipa Navistar HEUI. % petaBoAn wg pog 10 Bacikd Kauaiuo

BiovriCeA (%) 10 20 30 50 100

NO 3.5 53 69 158 28.2
PM -339 -241 -375 -26.8 -33.9
HC -28 -32 -53 -50.7 -755
CO -106 -81 -188 -69 -13.8
bsfc 1.9 2.2 3.2 8.5 124

O1 Police et al. [28] e€étacav Tn Acitoupyia evog kivnthpa vTifeA apéoou éyxuong 90 bhp evog
KUkAou 13 onueiwv Asitoupyiag xpenOILOTTOIWVTAG €iTe Kauolyo vTiCeh No 2 eite kaBapd
MeBUAeoTéEpa kpauBeAaiou. Ta duo kauoliya eixav 1o idlo apiBud ketaviou (51.5-51.6). To
oupBarnkd kavolgo vTiCeA gixe uwnAd onueio Ppacpol  pe  Bepupokpacia  avAKTnong
oupTTUKVWHaToS 90% K.0. (T-90) ion pe 346°C. Ztn XxounAn TaxutnTa TepIoTpo@ng (2200 cal)
KaBwg¢ auéavoTav n potrA TTPokABnke auénon Tou Adyou ektrouTTwy NOX TOU Kauaiyou eoTépa
WG TTPOG To GUMPBATIKS VTiZeA atrd 1.2 wg 1.4 evd oTn PEyIoTn TaxuTnTa TTEPIoTPOPNG (3800 GaA)
0 Aoyog ektrouTrwyv NOX TTapépeive oTaBepdg Kal ioog pe 1.2. Auta Ta atmoteAéopara £d€iEav Ot
ol ektrouTrég NOX augABbnkav o€ OAa Ta onueia Tou XapTn ASIToupyiag Tou KivnTApa.
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O Marshall [22] mpaypaTtotroince pia o€ipd QOKIUWY  TTOAATTAWY  onueiwv  AgiItoupyiag
xpnoigotroiwvTag éva kivampa vriCeh Cummins L-10. o1 omoieg egu@davicav ao¢non Twv
extrouTTwv NOX a11é 6.4 Ww¢ 7.4 g/bhp-hr ev cuykpioer e T avtioToixeg yia kauoiyo D-2 kai
100% peBuAeoTépa ocoyiehaiou. E&ETaoe tnv 1TpooBnkn aiBavoAng. aiBuloBoutuAaiBépa kal
alkylate wg¢ TpdoBeTa peiwong Twy ektrouTTwv NOX. MpooBrikn 20% alkylate dnuioupynoe éva
Kauolgo pe oudétepeg ekTrouTTéG NOx o€ oxéon pe 1o Pacikd kauolyo. Autd BpiokeTal o€
oupowvia pe Ta atroteAéopara Twv Daniels et al. [92] o0 0OTT0i0G XPNOIUOTIOINOE TO KAVOVIKO
oekagfavio (cival Trapopolo pe 1o alkylate) kai Tn peiwon Tou ApwWUATIKOU TTEPIEXOMEVOU YIa VO
pelwoel TG ekTTouTTéEG NOX. AuTéEG o1 dlEpeuvoelg aTTédEIEav TTwG TO KAUOIKO VTICEN PTTopEi va
avapopewBei pe TNV TTPOCBRKN ofuyovouxwyv Kal TNV TTApAGAANAnN peiwon Tou apwpaTiKou
TTEPIEXOUEVOU WOTE VA ETTITEUXOEI TAUTOXPOVOG EAEYXOG TWV eKTTOUTTIWY NOX kai PM.

O1 McDonald et al. [97] e€éTaoe Tn AciToupyia PHEPMOVWHEVWY UETARATIKWY KUKAWY AgITOUpYiag.
O1 dokIPEG €yivav PE KAl XwpPIiG TN XPAOoN KATtaAuTn o&eidwong yia kauoiya D-2 kar B-100. O
KAaTtoAUTNG TTOPAyOyE OCOUAQIdIa Ot KATTOIEG TTIEPITITWOEIS AgIToupyiag uywnAoU  @opTiou
0dNYWVTAG O€ AUENUEVEG EKTTOUTTEG CwUATIOIWY aIBAANG. ZTOUG KUKAOUG €KTEAEONG OOKIPWV
TTOU XpnoiJoTtroifénkav. n xprion HEBUAEoTEPa CoyieEAQiOU TTPOKAAEDE PEIWON TWV EKTTOUTTWV
NOx kai owpaTmidiwv aiBdAng. Or ekmmoutrég NO émecav ammd 5 wg 10% evw 01 EKTTOPTIEG
owpamdiwv alBAANg pelwdnkav xwpeic TNV TTapoucia KataAutn amd 25 wg 33%. Me tnv
TTapoucsia KAtaAuTn. n TITwon Twv ekmouTTwy PM £@Bace 010 50% o€ ox€on PE TIG AVTIOTOIXEG
EKTTOUTTEG KATA TN AsiToupyia Tou KivatApa pe D-2. H péyiotn 10xX0¢ peiwdnke katd 9% Kal n
KatavaAwon kauaipgou auénonke katd 13.7% katd tn Aeitoupyia pe peBuleoTépa ooyieAaiou. H
Tautéxpovn peiwon Twv ekmmoutmwv NOX kai PM ptropei va ATav atmmoTéAeopa Tou €idoug Twv
KUKAWV 0drynong TTou XpnoIKOTToINONKav yia TNV TTPAYUATOTTIOINCN TwV WETPROEWV i ITTOPEI va
oxeTiCeTan he TIG puBpicelg TTou €ixav yivel oTov KivnThpa Tng Caterpillar TTou xpnoiyoTroinénke
otnv TeipauaTikr diadikacia. O1 Schumacher et al. [88] TpayuaToTroincav peTprioel ce 5
€EAKUOTHPEG XPNOIUOTTOIWVTAG TOV KUKAO dokipywv 8 onueiwv ISO 8178 CI. Mevikd n péyiotn
10X0G MEIONKE avaAoyIKA PE TO TTOCOOTO TTPOcOnKNG BlovTiCeA coyieAaiou. H aiBdAn peiwbnke
yid Ta TTEPICOOTEPA PiyhaTa BlovTiCeA ooyiehaiou. Me xprion kaBapou e0Tépa. N alBAGAN PeIWwOnKeE
atmd 50 wg 70% kai Tautdxpova ol ektToutrég NOx augnénkav amd 3 wg 35%. H etaipia
GoyalTM xpnoiyotroinoe Tov KUKAO SOKIPWV Yyia KIVATAPES eKTOG dpduou ISO 8178-4 pe kabapod
eoTépa ooyieAaiou. Kivnmpag Deere 4045T 1ToUu AsitoUpynoe pe kKabBapod BiovTifeA coyieAaiou
EMQAVIOE aTTWAEIA TTPAYMOTIKAG 10XU0G KATd 4 w¢G 6%. Ooov a@opd TIG EKTTOUTTEG PUTTWV.
mapatnendnke 10% aognon Twv ekmmoutmés NOX kai 4% peiwon Twv ekmTouTTwy PM.
TpoTroTroIWVTAG TNV  AVTAIQ KQUCIJOU WOTE N TIPAYMATIKA 10XUG va  Trapauével  idia.
TTaPATNPNBNKE TTEPIOPIOPOS TNG £mMOEiviwong Twv ekTTOUTTWY NOX o010 2% Ot oxéon HE TIg
QVTIOTOIXEG YIa A€IToupyia pe CUPPBOTIKO KAUGIUO VTiCeA evwd o1 ekTTouTréG PM auéndnkav katd
12%. H tmoodtnTa dIoAuToU opyavikoU KAGOUATOG OTIG EKTTOUTTEG CWHATISIWY ATAV PEYOAUTEPN
oTnV TEPITITWON TNG Asitoupyiag pe PlovtiCeA ocoyiehaiou (28% yia vrigeA évavt 70% yia
BlovTiCeN ocoyieAaiou). Me pegiwon NG TpoTTopeiag £yxuong Katd 40 ywviag oTpo@dAou. ol
ektTouTréG NOX €trecav TrepioodTePo atrd 20% Kai o1 ekTouTrég NOX yia AsiToupyia pe BiovTigeA
ooyleAaiou ATaV TTEPITTOU i0€G PE €KEIVES yIa AsiToupyia pe CUPPBaTIKG KaUOIPO VTiCeA OTIG idIEG
pPUBUIoEIG KIVNTAPA. Z€ QUTH TNV TTEPITITWON Ol eKTTOUTTEG PM ATav 25% XaunAdtepeg ammo TIg
avTioToixeg yia 10 Paocikd kauoipyo. O1 Rantanen et al. [27] Trapouciacav atroTeAéouaTa
METPAOEWY TTOU BIEENXONCAV XPNOIWOTIOIWVTAS 4 eupWTTAIKOUG KIVNTHPEG VTiCEA BapEéog @opTOU
ME 1o0xU TTOoU Kupaivovtav amd 200 wg 280 bhp pe tov Eupwtraikd kUkKAo 1TOANG ECER49
TTOAQTTAWY onueiwv. EKTTOUTTEG pUTTWV ammd Asitoupyia Twv 4 KIvNTAPWY HE PEBUAEOTEPQ
KpauBeAaiou ouykpibnkav pe €va oupPaTikO Kauolpo vTiCeA TTou dlaTiBeTal EUTTOPIKA OTN
®ivAavdia kal Tou OTToiou n oToIXEIaK avdAuon €ival ouciacTiKé n idia pe 1o PEoO KaUOIUo
vTiCeA No 2 Twv HIMA pe v eCaipeon uwnAoTepou TTO0O0C0TOU Bgiou. H xprion kaBapou
MEBUAeoTEPO KpapPBelaiou oe Tpelg dIAPOPETIKOUG KIVNTAPES TTPOKAAece auginon 4-10% Twv
ektTouTTwWV NOX Kai 2-33% peiwon Twv eKTTOPTTIWV cwpaTidiwv ai8dAng. Or Krahl et al. [99]
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onuogaicucav Pia AETITOPEPN ETTIOKOTTNON TTEIPAUATIKWY ATTOTEAEOUATWY aTTO SOKIPES KIVNTHPWY
Tou éyivav he Baon diag@dépoug Eupwtraikolg KUKAOUG TTOAAQTTAWV OnueEiwy Kal Tou
opooTrovdIiakoU KukAou odriynong (FTP) Twv HIA yia ehagpou TUTTOU oxApaTa Kal KaTéAngav
OTO CUMTTEPACHO OTI Ol EKTTOUTTEG PUTTWYV E€EAPTWVTAI I0XUPA a1rd Tov KUKAo odAynong. Ol
ekTTOPTTEG NOX auénbnkav yia OAEG TIG TTEPITTTWOEIG KUKAWY SOKIMAG Kal KIVATAPWY WE TN XpHon
Kauoigwy BlovTiCeA. Mia Tutnikf) augnon ATav Tng 1a¢ns Tou 20%. H moodtnTa TWV CWHATISIWYV
AIBAANG YEVIKA PEIWONKE Kal N YEiwon auTh egapTwvTav atrd To €i60¢ Tou KUKAOU 08rynong He
TO KUKAO FTP va divel Tn pikpdtepn peiwon (0-20%) kai Tov KUKAO 13 onueiwv va divel yeiwon 0-
60%. O1 Staat ka1 Gateau [29] dnuoocicucav atroteAéoparta atrd éva TTpoypauua dIEVEPYEING
TTEIPAMATIKWY OOKIJWY XPNOILOTTOIWVTAS HEBUAeOTEPO KpauBeAaiou. Ze auTtd Eyivav PETPATEIG
O€ OXNMOTA Kal O€ KIVATAPES XPNOIKMOTIOIWVTAG KIVNTAPES Acw@opeiwv TG Renault ye ouppatikd
Kauoigo vTiCeA kal kaBapd peBuieoTépa KpapPBeiaiou (RME). XpnoigomrolwvTag Tov KUKAO
dokiywv 13 onpeiwv Asitoupyiag. ol ekToptTéG NOX augnénkav katd 9.5%. XpnoIJoTToIwvTag
TOoV KUKAO odrynong oxnuatog AQA ol ekmoutrég NOx peiwdnkav katd 6.4%. Or ekmmoutrég PM
peiwodnkav kata 37.5% kard tn dokiur o€ KivnTrpeg Kal 8.3% katd 1n doKiuf o€ oxruaTa.

O Montagne [30] mapouciace amoTteAéopata yia kKivnTApes Renault Quoikig avatvong Kai
UTTEPTTANPWHEVOUG TTOU €PYAOTNKAV ME Miypata Kauoiyou TTou Trepigixav  PEBUAEaTEPQ
KpapBeAadiou (Rapeseed Methylester — RME) oe¢ Tocooté 5 «kai 20% avrioToixa
XpnoigotroiwvTag Tov EupwTrdikd KUkAo odriynong @optnywy oxnudtwv. Or ekmrouttég NOX
augnénkav wg 5% pe TNV aognon tou TocootoU RME yia Toug duo KIVNTAPEG PUOIKAG
QVATTVONG KOl TOUG BUO UTTEPTTANPWHEVOUG KIVNTHPES OXNUATWY TTou eEETAGONKav. O1 EKTTOUTTEG
owpamdiwv alBAANG TTapépeivay oucIwdwg ol iBIEG IO TOUg TPEIG atrd Toug 4 KIVNTAPES aAAG
oImAaaidadnkav yia Tov 40 KivnTrpa otav autdg Asitoupynoe pe B-20. MNa autd 10 dxnua. dev
TTapATNPENONKE KapId HeTaBOAN 6Tav XpnoigoTtroindnke piyda vTieA e 5% RME (B-5).

O1 Knothe et al. [110] oe mpoc@arn dnuoaicuon Toug eféTacav Tnv emidpacn diaeopwv
KAQUOIJWY  OTIG  EKTTOPTTEG  pUTTWV  Pe T BoABe&ia  TTEIPAPATIKWY — PETPAOEWY  TTOU
TpaypaTtomoinoav oe évav eEakUAvopo 4-X kivntipa auécou €yxuong DDC (Detroit Diesel
Corp.) Series 60 Tou 2003. O KIvNTAPAG QUTOG €ival atrd TOug TTAEOV TUYXPOVOUG Kal gival
e€OTTAIOPEVOG e oUoTNUa UTTEPTTAAPWONG KAl Wuyeiou aépa €I0aywyng OTTWG ETTIONG KAl ME
NAEKTPOVIKO ouoTnUa eAéyxou TNnG €yxuong. To ouotnua £€yxuong Tou e&v Adyw KivnThpa
EVOWPOTWVEl KOIVEG povadeg avTAiag-eyxutripa uwnAng Trieong. Emiong o kivnthpag eival
e€ommAIouévog e ouoTnua avakukAogopiag kauoagpiwv (EGR). MNpayuartotroilnkav YeTPoEIg
pe Baon Tn diadikacia TTou TPoRAETTEl 0 Kwdikag OpoaTtrovdiokwv Kavoviopwy (CFR) Twv HIMA
yia TOV €AEYX0 TWV EKTTOUTTWYV PUTTWV ATTO VEOUG KAl €V XPRAOEI OXNUATA Kal KIVATAPES yIa TA
€€NG kavolpa:

Eutropikd 81a0£0140 KAUGIUO VTICEA

KaBapd BiovTileA (LeBUAeCTEPOG COYIEAQiOU)
Aekaggavio

Awdekavio

KaBapdg pebuleoTtépag Aaoupikou 0gEog
KaBapdg pebBuleoTtépag TTAAUITIKOU 0EE0G
KaBapdg pebBuleoTépag oAeIkoU 0EE0C

Noak~wNE

Ta ammoteAéoparta yia TIG EKTTOUTTEG PUTTWV QaivovTal OTOV €TTOUEVO TTIVOKA €VW OTA OXNHOTA
TTOU aKkoAouBouv TTapouCIAZeTal N OXETIKA METABOAN Twv PUTTWV CE OXEON TIG EKTTOUTTEG TOU
Baoikou kauaipou vTiCeA.
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MINAKAZ 32. MNeipapatikd amroTeAECPATA EKTTOUTTWV pUTTWY [110]

Exmropttég puttwyv (g/hp-hr)

Kauoipo HC CcoO NOXx PM
NTiCeA 0.06 (0.017*) 0.53 (0.048) 2.27 (0.095) 0.109 (0.005)
Aekaggavio 0.02 (0.008) 0.39(0.016) 1.91(0.036) 0.060(0.002)
Awdekavio 0.06 (0.018) 0.45(0.055) 1.92(0.054) 0.055 (0.001)
MeBuAeoTépag coyieAaiou 0.04 (0.024) 0.40 (0.003) 2.55(0.007) 0.024 (0.001)
MeBuAeaTépag oAeIkoU 0EE0G 0.03 (0.011) 0.27 (0.020) 2.41 (0.015) 0.029 (0.001)
MeBuAeoTépag TTaAITIKOU o¢éog  0.05 (0.018) 0.30 (0.003) 2.17 (0.012) 0.020 (0.001)
NTIiCEA™* 0.04 (0.022) 0.45(0.003) 2.08 (0.017) 0.077 (0.001)
MeBuAeoTépag Adaoupikou ogéog**  0.05 (0.008) 0.32 (0.011) 1.98 (0.022) 0.013 (0.000)
*2 e TTapévBean diveTal n TUTTIKA atrOKAIon
**METPrOEIG JE VEO UTTEPTTANPWTH).
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IXHMA 27. NoocooTiaia yeTaBoAr Twv ekmmoptmwv NOX kal PM wg TTpog To cupaTiké KaUoIuo VTICeEA.

Otmrwg ptmopei va diatmoTtwBei n xpAon BlovTifeA coyieAaiou OTTwg €TTioNG Kol PHEBUAECTEPWV
NITTapWV 0&EWV TTPOKAAECE ONPAVTIKA Peiwon Twv ekmouTwv PM (75-83%) og oxéon pe 10
oupBatkd kauoipo vrieh. MapoAautd, o1 ekTTouTéG NOX auéibnkav €0Tw Kal Aiyo KaTd Tn
xpnon PiovriCeA coyiehaiou kal HEBUAEOTEPA OAeIkOU 0&Eoc. AvTiBeTa n XprAon HeBUAeoTEpwWV
TTOAMITIKOU Kal AAOUPIKOU 0&E0G TTPOKAAETE MIKPY Meiwon Twv ekTTouTTwY NOX 0¢ oxéon pe 10
Baoikd kauoigo. To PAKOG TNG avBPaKIKAG QAUCIdAC TwV OPYAVIKWY EVWOEWV ETTNPEACE
eNayioTa TiIg ekTTOUTTEG NOX Kol PM gvw n eTtidpaon ATav peyaAutepn oTig ektroutrég CO kal HC.
ZUYKEKPIPEVQ, o1 eKTTOUTTEG CO peiwbnkav e TNV PEiwaon Tou HAKOUG TNG avBpakiKAg aAucidag.
MapdAo TTou Ta ATTOTEAECUATA OAWY TWV TTPOAVOPEPOEVTWY DIEPEUVIOEWY OXETIKA WE TN OXEON
TT0c00TOU BIovTifeA Kal ekTTOuTTWV NOX dev TauTi(ovTav TTOCOTIKA KAl O€ TTOAAEG TTEPITITWOEIG
TTOIOTIKA. OAEG @aiveTal va €mIRERaIWvVoOuV OTI TTapaTnpeiTal augnon Twyv ekmoutrwyv NOXx o€
KivNTAPES VTiCeA katd Tn Aciroupyia Toug pe PiovtiCeA. O1 exkmmouttég NOx kai PM BéBaia
ecapTwvTtal o Peydho BaBud amd 1o €id0G TOU KUKAOU TTEIPAPATIKWY OOKIPJWY KIVNTAPA A
OXNMATOg TToU uloBeTEITAl. Agv KATEOTN CAPEG ATTO AUTEG TIG BIEPEUVACEIG €AV UTTAPEE augnaon
Twv NOX yia 6Aeg TIG TaXUTNTEG TTEPICTPOPNS KAl POPTIA TOU KIVNTAPA ) O DEOOUEVES TTEPIOXES
TOU XApTN AcITOUpYiag Tou KivnTAPA.
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ZXHMA 28. MoocooTiaia HeTaBOAN Twv ekTTouTTWV CO Kal HC wg mpog 10 cuuBaTiké Kauoiuo vTiCeA.

NMI©OANEZ AITIEZ AY=HZHZ NOX ME TH XPHZH BIONTIZEA

Zupowva pe Tov Parker [101] o1 mBavég autieg yia v aug¢non Twv ekmmoutmwyv NOx katé Tn
d1dpKeIa TNG KAUONG 0EUYOVOUXWV Kauaiywv vTigeA kai BiovTiCeA givai:

1.

H augnon Ttng Oepupokpaciag TG @AOyag eite katd Tn OIApKEId TG @AoNg
TTPoavAaueIgng €ite katd Tn didpkeia TNG ¢aong didxuons. Evw n mapouacia ofuydévou
OTO KOQUOIYO TTPOKOAEl peiwon NG Beppoydvou duvapung Kal Katé ouveéTTEla Peiwon
™G adiaBatikAg Bepuokpaciag TNG EAOGYaG. éva peyGAo 1000 BepudTnTag atrdyeral
atmo TN GASya egautiag TG akTivoBoAiog Twv cwuatidiwv alBdAng. MNa 1o Adyo autd
TO KaBapd O6@eAog atrd TN HEIWON TWV EKTTOUTIWY aiBAANG AOyw Tng TTapouaiag
oguyovou oTtn Cwvn TUPOAUCNG TOU KOUCIUOU WTTOpEi va gival n augnon Tng
Bepuokpaciag TNG YAGYAS EQITIAC TNG PMEIWONG TWV OTTWAEIWY GKTIVOBOAICG.

H al&¢non Tng OuvekTIKOTNTOG. TAG ETTIPAVEIAKNG TAONG KAl TOU Cnpeiou Bpacuou TTou
TTapartnpeital katd 1n Perdpacn amo 1a cupBatikd kaloiya ota Kauolpa BlovTigeA
éXel Gueon emidpacn OTA XAPOKTNPIOTIKA TNG OE0UNG KAUCIUOU. ZUYKEKPIMEVA.
augdvetal TO0 péyeBog Twv oTaydvwy (SMD) (xeipdtepog OIGOKOPTTIONOG) Kal
QvTioTOIXO N OPMN TOUG KAl £TC1 MEIVETAI O pUBUGS avauigng TG OE0UNG oTayOvVWY
KAQUOihJoU HE TOV Q€pa. MEIWVETAI O PUBPOG aThoToinonNG Twv OTAYOVWY E
ATTOTEAEONO TN Meiwon Twy ammwAeiwv BepudtnTag Adyw akTivopBoAiag. MeTaBoAn
MIOG €K TWV TTPOAVOQEPBEVTWY TTAPAPETPWY TNG OEOWNG KAuoipyou WPTTOpEl va
odnynoel og PeTABOAN TNG SIAPKEIOG TNG TTPOAVAUEUEIYUEVNG PACNG EVaVTI TNG GAONS
dlaxuong TnNG kauong. H aAhayn NG XpovIKng SIapKeEIaG Twv duo PACEWY TNG KAaUong
onuaivel JETaBoAN TNG TTOGOTNTAG TOU KAUGIKOU TTOU KaiyETal TTPOAVOUEUEIYHEVA KAl
uTTé oUVOAKES BIAXUONG Kal apoU BIOPOPETIKOI pUTTOI oXNHaTi(ovTal o€ KABE pia atrd
TIG QACEIG TNG Kauong. autr] n dla@opd oTnv KabBuoTépnaon avAagAeng PTTopEi va
armmoteAei TNV aitia avgnong Twv NOX TTou TTapaTnpeital ue TNV Kauon PlovTideA.
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MeTaBOAR TwWV XAPAKTNPIOTIKWY TNG OECUNG WTTOPE va TTPOKOAECEI £TTioNG PETABOAR
TOU TPOTTOU KAUONG TOu Kaugipgou katd tn @don 1tng didxuong. Autd odnyei oe
augnon TG Bepuokpaciag TNG GASYag Kal uwnAoTEPEG TIWEG NOX.

Mia GAAN 1816TNTa TTOU PTTOPET va uBuveTal yia TNV augnon Twv eKTTopTTwy NOX Katd
™ Kauon PiovTiCeA cival 10 augnuévo onueio Ppacpol AUTWY TWV KOUGCTUWY.
YywnAdtepo onueio Ppacpol yia éva KAUCIUo onuaivel ueyaAutepn OidpKeia
Bépuavong Twv oTayovwy €wg OTou PBAcOoUV TO OnuEio KOPEOPOU Kal EEKIVAOEL N
e€aTuion Toug. AuT n emidpacn MTOPEI va TIPOKAAéoEl peiwon Tou puBuou
ATPOTTIOINONG TOU KAUGIKOU KAl KAT €TTEKTACN MEIWON TG TTOOOTNTAG TOU KOUOIUOU
TTOU KOATOVOAWVETQI OTNV TTPOAVAUEUEIYHEVN @ACN TNG KAUONG O€ OXEOn ME TNV
avTioTolxn TTou Kaiyetal uttd ouvBnkeg didxuong. H dicukpivion Twv emdpdoewy Twv
QUOIKWV I8I0TATWY TWV Kaucidwy BiovTiCeA TTpolTToBéTel emTTPOCOETEG BOKIUEG OF
KIVNTAPEGS. OYKOUETPIKOUG BaAdUOUG Kal BlEVEPYEID BEWPNTIKWY DIEPEUVATEWY.

Ta oguyovouxa kauoiya uTTopei va TTPOKOAECcOUV WETABOAA TNG KaBuoTépnong
avAQAEENG Kal auTd TO YEYOVOG va unv o@eileTal oTnv auénon Tou apiBuou KeTaviou.
H kaBuoTépnon avagAegng o évav KivnTApa PITopEi va gival cuvdpTtnon 1600 Twv
KAQUOigwy TTOU XPNOIYOTTOIoUVTAl 6000 Kal Twv IBIOTATWY ThG déoung Kauaiyou. H
onpacia Tou £xel KaBuoTépnon ava@AEENS yia TNV KAUon Kal TO oXNUATIOPG pUTTWV
oTov KIvNTApa egival OT N augnon Tou XpOvou XNMIKAG TTPOETOINACIOG KOUGihoU
TTOPEXEl TTEPIOCCOTEPO XPOVO OTO KAUGIUO VA TTPOAVAMIXBEI Ye Tov agpa Kal €101 va
Kaei TTpoavapePElYNEVA aTTd OTI UTTO OouvBnkeg Oidxuong. AuTO TO YEYOVOG EXEl
AUECEG EMTITWOEIG OTOV OXNUATIONO TWV PUTTWV KAl TTPOPAVWY OTO OXNHATIONS Twv
NOX.

H xnueia TnG Kadong TOU KAUCIUOU OTnV TTEPIOXN TNG QAGYag uTTopei va eival
uttelBuvn yia tnv Tapaywyn NOx. O Bepuikdg pnxaviopdg oxnuationog NO n
aAAIWG pnxaviopog Zeldovich dev eTnpeddeTal atmo Tn XNueia TnG kavong. EvrouTolg.
n ToooTnTa NO TTOU OXNaTieTal JECW TOU Auecou pnxaviopou (prompt NO) utropei
va @Bacel 10 30% 1 Kal TTEPICOOTEPO TWV OUVOAIKWY EKTTOPTTWV O&EIdiwv Tou
alwtou. AQou o duecog unxaviopog oxnuatiopou NO (prompt NO) eival euaiobnTog
o€ METOBOAEG TWV OUYKEVTPWOEWY TWV CUCTATIKWY TTOU oxnuaTtifoviar Adyw Tng
Kauong oTnv TEPIOXN TNG PAGYaG. n augnon tou dueoa oxnuatnfouevou NO utropei
va amodobei otnv emidpaon TNG xnueiog kauoipyou. O1 dideopol Pnxaviopoi
oxnuaTiopou NO trepiypagovtal avaAuTiké otnv BIBA. TapaTtroutr) [103].

H ammopdkpuvon Twv cwuatidiwv alBdAng amd tnv TTepioxn TG Kauong PITopEi va
eCaheiyel TIg avnidpdoelg peTagu avBpaka kal NO. H onuooia Twv avTidpdoewv
avBpaka-NO kartd Tnv Kaoon vTiCeA civalr dyvwaoTtn. Aedouévou 6T Oev TTPOKAAECOV
augnon Twv NOx 6Aa Ta ofuyovouxa kauoipa BlovTiCeh TTou TTEpIypd@nKav oTn
BiBAIoypagia. EvrtouTtoig. 0Aa TTpokdAecav PEIWON TWV EKTTOPTIWY CWHATIOIWY
a1IBAANG.

EMIAPAZH BIONTIZEA ZTHN AMAYPQ2H AIOAAHZ

O katrvég oxeTiCeTal apudpd PE TN CUVOAIKK TTO0OTATA CWHATIOIOKWY PUTTWY TTOU EKTTEUTTETAI
atmd €vav KIvNTAPa agou n apavpwon eival ueyaAuTtepn yia Paupo Katvo atrd OTi yia Aeukod
KAtrvé Kal oTnV TTPayuaTikétTnTa. N apavpwon TG alBdAng pTropei va pnv ouoxeTifeTal KaBoAou
ME TIC TTOOOTNTEG CWHATIOIWY TTOU EKTTEUTTEI £VAG KIVNTAPAG. ZTIG TTEPICOOTEPES TTEPITITWOEIG. TO
Too00Téd apalpwong TG aIBAANG XpnoldoTtroieital we €vdeien PAABNG katd Tn dIdpKEIa
TTPOYPAPMATIONEVNG €TMBEWPNONG KAl CUVTAPNONG evog Kivnthpa. Mévo évag TTeplopiouévog
apIBuog dlepeuvioewy €xel aoXoAnBei pe v egétaon NG €midpaong Twv OguyovouXwv
Kauoigwyv oTnv agatpwon aiBaAng xpnolpotoiwviag Tnv diadikacia CFR kol autd Ta
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ammoteAéopata ouvoyidovtal otov lMivaka 30. O Fosseen [60] dnuocicuoe atroTeAéopaTta yia Eva
dixpovo KivnTApa cUP@Wva JE Ta oTroia dev UTMPEE PEiwon TG apaupwong alBdAng Pe TN
XPnon PlovTifeA. Zuvduaopog evog KATAAUTH ogeidwong kai BIovTiCeN TTPOKAAECE onUAVTIKA
Meiwon TG apaupwong aiBdAng. H Ortech [69] dnuocicuce TEIpAPOTIKA aATTOTEAECUATA
apavpwong alBaAng yia piyuarta BiovriCeA odyiag B-10 kai B-20 tmou eAngBdnoav atréd évav 4-X
KivnTApa vTiCeA. H xprion Tou BiovTifeA TTPOKAAECE ONPAVTIKA PEIWON TNG apalpwaong n oTToia
£pBaoe 10 28.6% yia 1o B-10 kar 50% yia 1o B-20. O ocuvduaopdg xpriong evog ogeidwTikou
KaTaAUuTn Kal kauaigou BiovTileA B-20 BeATiwoe eAdxIoTa TNV KATAGTACON O00OV aPOopd TTEPAITEPW
peiwon NG aiBAANG. 'Exel dnpooieubei évag onuavTikOg apliBPos pyaciwy TToU TTapouciddouv
atmoTeAéoPaTa yia Tnv €midpacn Tou BiovTifeA otnv apalpwon alBdAng TTou eAf@Bnoav atrd
KIVNTAPEG 1 oXAMaTa ot OIAQOPEG TAXUTNTEG TIEPIOTPOPNG KAl QOPTIA XWwPIG va £Xouv
eQapuooTei TPOTUTTEG BladIkaoieg eKTEAEONG Twv PeTpocwyv autwy. O Lucas [70] Tapouciaoe
ATTOTEAEOPATA HAKPOXPOVIAG PEIWONG TOU KATIVOU aTTO TN XPenon Jiypdrwy BiovTigeA pe JP-8 ot
oxéon ue ™ xpron povo JP-8. OAa Ta oxrjuata TTapoudiacav onPAvTIKA MEiwan Tou KaTtrvou JE
™ XPAon MIYMATwV BlovTiCeA. ZUYKEKPIPMEVA, €va OXNUA TTOU CUMMETEIXE OTIG PETPNOEIG EixE
apxIKa apaupwaon ailBaiAng 57% XpNOIKMOTTOIWVTAG CUMPBOTIKO KAUOIPo. MeTd Tnv TTPOCONAKN
BiovTiCeA oTO KAUOIYO, N ApxIK apaupwaon ATav 46% kai £€Tece 010 22% perd ammd 10000 pilia
Kivnong. ApKeTEG epyacicg €xouv @avepwaoel 0TI N TIUH aIBAANg peTpnuévn o€ KAipaka Bosch
peiwveTal katd 10-20% €1dIkG oTa UPNAOTEPO POPTIa OTAV O KIVNTAPAG AEITOUPYEI PE HiyHa
BiovTiCeA B-20 [18,28,48]. Aedouévwv auTWV TwV TTAPATNPACEWY, Eival TTPOPAVES OTI N Xpron
BiovTiCeA o€ vedTEPOUG 2-X Kal 4-X KIVNTAPEG VTICEA TTPOKAAEI ONUAVTIKN HEiwaN TNG apalpwaong
a1BAANG.

MINAKAZ 33. AttoteAégpata apgaupwong ailBaAng (%) kauoipo vrigeA No.2 kai piypata BiovTiCeA
XPNOIMOTTOIWVTAG TNV dladikaoia ekTEAeong peTprioswy o€ KivnTipa CFR No. 40 - TuAua 86 -

Ymomrepittwaon |
BiBAioypaikn Kivntipag Pubuiceig Kauoiuo Kardoraon Asiroupyiag
mapaITouT uvOnkeg Juvlnkeg  MéyioTo
Emrdyxuvong 'EAgng doprio
[60] DDC 6V- EpyooTooiakEég D-2
71N-77 MUI 1.2 1.8 1.8
EpyooTaciokég B-20
(BiovTiCeA 11 1.9 2.0
ooyieAaiou)
EpyooTtaciakég + D-2 14 21 21
KaraAutng ' ' '
EpyooTtaciakég + B-20
KaraAutng (BiovTiCeA
ooyiehaiou ) 0.9 1.7 1.7
[69] Cummins N- EpyooTaciakég D-2
14-87 MUI 7.1 14 225
EpyooTaoiakég B-10 (
BiovTiCeA 6.3 1.0 20.7
ooyiehaiou )
EpyooTaciokég B-20 (
BiovTiCeA 54 0.7 18.3
ooylgAaiou )
Epyootaciakég + B-20
KataAuTtng (BlovTiCeA 5.3 0.7 17.3
goyieAaiou)
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PYMNOI XQPIZ OEZMOOETHMENA OPIA EKMNOMIMHZ

MoAuvapwpartikoi YdpoyovavOpakeg

‘Evag ueydAog apiBPOG TTOIOTIKWY TTEPICOOTEPO BIEPEUVIOEWVY QaivETAI VA UTTOOTNPICEI OTI N
xpnon PlovTiCeA TTpokaAei peiwon Twy TToAuapwuaTIKWy udpoyovavBpdkwy. O McDonald et al.
[97] e€€Taoav TIG ekTTOUTTEG PUTTWY TTOU EAAPONoav atmod évav kivntipa Caterpillar 3304 PCNA
XPNOIMOTIOIWVTAG Tov KUKAO dokigwy 8 onueiwv Asimoupyiag ISO 8178-C1 10 oTroio éxel
avaeepBei kal TTapatmdvw. H taon yia petdAAagn peiwdnke pe tn xprnon BiovTifeA coyieAaiou Kai
KaTaAUTn OTO MIOO O€ OXEON MWE TNV QVTIOTOIXN YIa Xpron kaucigou D-2. H peiwon ogeikeTal
OTNV MEIWON TWV EKTTOPTTIWV TTOAUCPWHATIKWY udpoyovavBpdkwy (PAH).

O1 Krahl et al. [99] TTapouciacav aTTOTEAECUATA VIO AEPIEG TOEIKEG EVWOEIC TTOU EKTTEUTTOVTAI
ammd KIvNTAPEG TTou epyddovtal e UeBUAeOTEPEG KpapBeAaiou. Ta TTepIocodTEPA ATTO QAUTA TA
aTToTEAEOPATA aQopoUcay TTEIPAPATIKEG OOKIUEG TTOU Eyivav OE KIVNTPES VTICEA eAagppou
POPTOU XPNOILOTTOIWVTAG BIAQOPOUG EupwTTaikoUg KUKAOUG EKTEAEONG PETPAOEWY TTOAATTAWYV
onpeiwv Asimoupyiag Kal Tov ogooTTovOIoKO KUKAO ekTéAeong petprioewy (FTP) yia kivntripeg
eAa@pou TUTToU TWV HIA. O1 eKTTOPTTEG TTapoudiacav IoXupn £€apTNoN atrd To €id0G TOU KUKAOU
odnynong 1ou uioBetRBnke. O1 ekmouTtég PAH katd tn xprion BlovTifeA o KIvNTAPES APECOU
€yxuong kupdvenkav atmmd 80% wg 110% Twv avTioToIXwV TTOU EKTTENPONKAV yia Kauoipyo D-2
Katd Tnv €@apuoyr] Tou KUKAou FTP kal amd 0 wg 80% Katd TNV €QApPOyR TwV EUPWTTAIKWV
KUKAWV EKTEAEONG PETPAOEWV.

O1 Staat kar Gateau [29] dnuocicucav Ta atmmoTeAéopata evog TPIETOUG TTPOYPANPATOS
QOKIYWV TToU  éyiva  diypata  PeBuAsoTéEpwyY  KpauBeAaiou. XUpewva pe autd  €yivav
EPYAOTNPIAKEG DOKIPEG Kal DOKIYEG E€TTE TWV OXNMATWY OE KIVNTAPES Acw@opeiwv Renault yia
Miypata BiovtieA 0, 30 kai 50%. Ta TtreipapaTtiké amoteAéopaTa €6€1§av OTI 01 GUVOAIKEG
ekTTOuTTéEG PAH TTapéucivav apeTdBANTEG.

O Montagne [30] Tmapouciace atmmoteAéopaTta yia KivnTAPESG Renault @optnywyv oxnuaTwy
QUOIKAG avaTIVONG Kal UTTEPTTANPWHEVOUG Ol OTToiolI Tpo@odoTABNKAV We MiydaTa BlovTideh o€
000076 avapigng 5 kai 20% avTioToiXa. TNV TEPITITWON TWV UTTEPTTANPWHEVWY KIVATAPWY, N
XpAon MEBUAeOTEPA KpauBeAaiou TTPOKAAEDE UEiWON TWV TTOAUGPWHATIKWY UdPOyovavOpdaKwY
Katd 40-50%.

O Shafer [55] éxel avagépel aTTOTEAéOUATA PIOG TTEIPAMOTIKAG dlEPEUVNONG TTOU EYIVE O€
KivnTApa Mercedes Benz xpnoigomoivtag €0TéPEg @oivikehaiou. O gupéoou  €yxuong
KIivnTApag Asw@opeiou Mercedes Benz TTapouciaoce Peiwon Twv OUVONKWY ekTTouTTwV PAH pe
™ Xprion Twv BiovTifeA. Ze Mo avaAuTikég digpeuvnoelg, ol Rantanen et al [27] TTapouciacav
METPAOEIC YIa QEPIEG TOLIKEG EVWOEIC OTTWG ETTIONG KAl yla BeopoBeTnuévoug puttoug atrd
MeBUAeoTEéPEG KpapBeAaiou. lMapouoidoBnkav o1 exkmmouTég PAH avd povdada TTpayudaTikig
I0x00¢ o€ dlagopa onueia Asitoupyiag. O ouvoAiKEG ekTTOUTTEG PAH peiwBnkav trepitrou Katd
75% yia 10 Kavuolpyo B-30 kai 1repioodTepo aTTd 85% Yyia To KOBAPS €0TéEPA O OXEON ME TIG
QVTIOTOIXEG YIa £€va GUMBATIKO Kauaolpo vTieA D-2.

O Sharp [91] avépepe 6T o1 exkTTOPTTEG PAH peiovovtal pe mn xprion BlovrideA. MNa xpron
KaBapwv alBuAeoTépwy Kal JeBUAeaTEPWY KpauBeAaiou, ol ekTouTrég PAH avd povada 1ox0og
Meiwbnkav katd 37% kal 54% avTioTtoixa. H peiwon twv moAuapwuatikwy udpoyovavepdkwy
ATav TnG Ta¢ng Tou 20-30% yia piypata B-50 kai acrjpavTn yia 1o yiypa B-20.

O Kado [108] trapouciace atmmoTeAéopata PETPACEWY yia ekKTTOUTTEG PAH amd Tnv kauon
oupBatikoU vTiCeA kal kaBapwv HEBUAETTEPWY Kal alBUAECTEPWY KpapPBeAaiou. ZUPQwva HE
QuUTd, Ol eKTTOPTTEG QaivaBpeviou, TTupeviou Kal Bev{avOpakeviou (TTOAUGPWHATIKEG EVWOEIQ)
nTav 20-40% PIKPOTEPES YIA TOUG ECTEPEG OE OXEDN ME TO VTICEA.
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AADeUdEG

YTTApXoUV QApPKETEG TTANPOPOPIEG OXETIKA WE Tnv £TTidpacn Twv PIOVTICEA OTIC EKTTOUTIEG
aAdeudwv. O1 McDonald et al. [97] oTa Treipduara TTou TIpayPaToTToince dlaTrioTwoe OTl Ol
EKTTOUTTEG QOPUAADETdNG Oev aufnbnkav onuavTikd pe Tn xprnon evog piyuatog f Kabapou
BiovTiCeN ooyiehaiou. H xprion o&eidwTtikoU KoTaAUTN TIPOKAAECE HEIWON TWV EKTTOPTILOV
@OopPaAdEUdNG KaTd 26%. O1 Krahl et al. [99] diatrioTwoav 6T 01 CUVOAIKEG EKTTOUTTEG AADEUBWV
ammé apéoou €yxuong KivnTApeg augdvovtal yevikd pe Tn Xprion PiovtiCeA amd 0 wg 75%
aveCdpTnTa TOU KUKAOU TTEIPANATIKWY OOKIJWY TTou Xpnolpotroifdnke. O1 Staat kai Gateau [9]
Taparipnoav ot yia yiypara pe 0, 30 kart 50% 1To000TO BIOVTICEN O EKTTOUTTEG AAdEUdWY pE 1
w¢ 5 droua avBpaka (C1 — C5) augnbnkav pe Tn ouykévipwon €otépa. H akpoAeivn augnbnke
Katé 50% pe piypara tmmou Trepieixav 0tépeg o€ ooooTo 50%. H adgnon tng akpoAeivng Trou
gival €vag KApKIVOyovog agplog puTTog atmoddéBnke otnv UTTapén TpIyAukepIdiwv oTo BIOVTICEA
EVIOYXUOVTAG YIa AAAN pia gopd Tnv avaykn yia BiovTiCeA uynAfig kabapotntag. O Montagne [30]
oTnVv TIEIPAPATIKA €pyacia TTou Trpayuarotmoinoe dlatmioTwoe OTI n XprRon MeBuAeoTépa
KpauBeAaiou o€ UTTEPTTANPWHEVOUG KIVNTAPEG VTICEA TIPOKAAEOE aAUENON TwV EKTTOPTIWV
QOPMUAaADEldNG KaTé 60% Kal TwV EKTTOUTTWY aKPOAgivng KaTd 25-40%. Z0p@wva pe Tov Shafer
[107], n Xxprion eoTépwyv @olvikeAaiou ae évav KivnTipa Mercedes Benz TTpokAdAeoe peiwon OAwvV
TWV aAdeudwyv eKTOG TNG akpoAeivng H aug¢non Tng akpoAeivng amoddbnke oTnv Trapoudia
YAUKEPOANG oTO Kauolpo. lMa Aeimoupyia mavw amd 10 50% TOU TIAAPOUG @OpPTioU Ol
BeopoBeTNUEVEG KAl U BEOUOBETNNEVEG EKTTOUTTEG PUTTWV HTAV XAWNAOTEPEG OTNV TTEPITITWON
TOU €0TEPA EVW OTO XOMNAOTEPO QOPTIO KAl OTN MEYIOTN TAXUTNTA TTEPICTPOPNG Ol EKTTOUTTEG
ATaV PEYOAUTEPEG. Z€ TTEIPAUATIKEG QOKIMEG TTOU €yivav o€ Asw@opeia amd Toug Howes Kal
Rideout [67,68] dev avagEépBnke augnaon Twv EKTTOUTTEG QOPHAASETGdNG KATA TN Xpron PIovTiCeA
ooyliehaiou (B-20) oe oxéon pe T Xprion ouppatikoU vrieA D-2. O Rantanen et al. [25]
TTapousiacav  armmoteAéouara  yia  dIAPOPOUG  aépioug  PUTTOUG  OTTWG  €TTIONG  Kal  yid
BeopoBeTNUéVEG  eKTTOPTTEG PUTTWV  yIa  Kauon  PiovTiCeA  kpapPBeAaiou. Or  eKTTOUTTEG
QOPUaADETONG gixav TIA PMEYOAUTEPN aTTO TO OPIO TTOU AVIXVEUONKE KATG TN AcIToupyia WE VTiCeA
Kal peBuAeoTépa Twv 10wy emITEdWY. 'ETOI TTapdAo TTou 0 PeBUAEOTEPAG KpapBeAaiou uTropei
va oxnuaTtioel QOpHaAdelidn péow TOu OXnMaTIONOU pilwv peBUAiou attd Tov €0TEPA, Ol
ouyypageic dlatioTwoav 0TI 0 puBudg oxnuaTiopou dev ATav onuavtikdg. Baoiopévog o€
QTTOTEAEOPOTA TTEIPAUATIKWY OOKIYWY TTOU €yivav o€ évav Kivntipa Cummins 5.9-1 o Sharp [91]
aveépepe OTI N xprion PiovTieN kpapBeAaiou dev augavel YEVIKA TIG EKTTOPTIEG AADEUDBWV Kal N
XPAON 0&UyovoUXwV KAUGiINwY TTPOKAAECE OTNV TTPAYMATIKOTNTA TNV HEIWON TWV EKTTOUTIWYV
POPHUAADEUDNG.

2YMMNEPAZMATA

H d1e€odikn e¢éTaon TNG €midpaong Twv KAauaipdwy BIovTiCeA oTn AEITOUPYIK CUUTTEPIPOPA Kal
OTIG EKTTOUTTEG PUTTWV OI0QOPWY TUTTWV KIVATAPWY VTICEA QEIOTTOILVTAG OXETIKA OTTOTEAECUOTA
TTou €éxouv Kataypagei otn O1ebvr) BiPAoypagia odnyei otnv diaTtiTiwon Twv akOAoubBwv
VEVIKWYV CUUTTIEPACUATWY:

e H TpocOnkn Biokaucipwy oe cuppaTikad vTiCeA oe TTooooTd 20-30% &ev dnuioupyei
TpoBAAMATa OTN  A€ITOupyiad TOU GUOTAMATOG £€yxuong e€fautiag TnG augnuévng
OUVEKTIKOTNTOG TWV PIovTiCeA o€ oxéon pe Ta cupPBatikd kauoiua. MNapoAautd Ba TTpETTeEl
va AaupaveTal TTPOvVoIa WATE TO TENIKO TTPOIOV TNG £GTEPOTTOINONG va gival atTaAAayuévo
atmd TPIYAUKEPIDIA, Ta oTToia TTPOKOAOUV 0&eidwon Slo@opwy €AAOTIKWY OAKTUAIWV
oTeyAvwong TNG avTAiag Kauoiyou Kal Twv KUAIVOPOKEPAAWY Kal QOEipouv YEVIKOTEPQ
ToV KIVRTAPA AOYWw TNG 0&EIBWTIKNG TOUG CUPTTEPIPOPAG.
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e H xprion upiypdtwy BiovTiCeA kal cuuBaTikoU Kauaigou vTiCeA TTPOKOAET PIKpR peiwan TG
KaBuoTépnong avAagAeéng pévo OTIGC TTEPITITWOEIG TTOU TO PBIOKAUCIYNO €XEl OPKETA
MeEYaAUTEPO apIBud KeTaviou wg TTPog 1o Bacikd kauoiyo. O yevikdg kavévag gival Tl 0
apIBuoég ketaviou Twv eoTépwv Amdiwv  (BiovTideA) eival TTapatmAfoiog autol Twv
oupBaTikKwy Kauoiywyv o€ avtiBeon pe dAAa ofuyovouxa Kauaoiha OTTwG gival ol aiBEpeg
Kal Ol YAUKOAQIBEPEG TTOU €x0uv 1DIaiTEPA peyAAo aplBud ketaviou (100-120). ETriong n
TTPOCMIEN PBiovTieA O¢ KAUOIPMO VTiCeA TTPOKOAE MIKPA MEIWON TNG MEYIOTNG TTiEONG
Kauong Kal Twv BEPPOKPACIWY eVTOG Tou BaAduou Kauong wg atmoTéEAEOUa TNG MEiwong
NG Beppoydvou duvaung.

e H xpnion BiovTileA o€ KIVNTAPES VTICEA TTPOKOAEI PIKPF augnon TG €18IKAG KaTtavaAwong
Kaugoigou Me AUECO OUVETTAKOAOUBO TNG MIKPR MEIWON TnG AUTOVOMIOG Kaugoiuou
oxnuartwv. H emdeivwon Tng €I0IKAG KATAVAAWONG KAUGIMOU oQEiAeTal 0Tn Peiwon NG
Bepuoyodvou duvaun Tou gugavidouv Ta BlIOKAUCIUG 0€ OXEON ME TO OUPPBATIKO VTieA
AOGYW TNG UTTAPENG OEUYOVOU OTN HOPIaKr Toug dopr). H OXeTIKA eTIBApuvon TnNG €IBIKAG
KatavdAwong Kauoigou o€ OAeg TIGC TEPITTITWOEIS KivnThpwy (2-X Kkai 4-X) TT0U
€EETAOTNKAV ATV PIKPOTEPN KAl OTN XEIPOTEPN TTEPITITWON 0N WE TN OXETIKA PEiwWON TNG
Bepuoydvou dUvaung. AgiCer va TovioBei OTI To TPOPRANUO TNG TTEPIOPICHUEVNG
emdeivwong TNG €I0IKAG KATAVAAWONG KAUGIYOU OTn TTEPITITWON Twv BIOKAUCIPWY gival
TAaopatikd dedouévou OTI Ta KAUOIPa auTd TTPoépXovTal atmd avavewoiues BIOAOYIKEG
TNYEG. ZUVETTWG N €AAXIOTO TTEPIOCOTEPN KATAVAAWGON €VOG KOUGIUOU TTOU OUVEXWG
QVAVEWVETAI yIa TNV €TTITEUEN TNG iSOG TTPAYMATIKAG 10XU0G HE TO CUMPBATIKG KaUoIuo
vTiCeN Oev atToTEAET TIPOPANUA EKTOG ATTO HIA PIKPH €TTIRAPUVON TWV EKTTOPTIWY CO2.

e [evikd, n xpRon eotépwv AImdiwv (BIovTiCeA) €ite avapiypévol g KaUoIuo VTiCeA €iTe wg
KaBapo KaUOIUO TTPOKOAE OPAPATIKA HEIWON TWV EKTTOUTTWY CwHaTIdiwV aiBAAng (PM).
H peiwon aut) @Bavel 1o 75-85% oOTIG TTEPITITWOEIG TTOU Xpnoigotroinénkav 100%
BlovTiCeA kal opeileTal 0TV AUENON TNG TOTTIKAG OUYKEVTPWONG OEUYOVOU OTO ECWTEPIKO
NG 0€0UNG Kauaiyou n otroia £xel OITTAG pOAo:

v' TMapeyPaivel 0T0 OXNUATIONO TTOAUAPWHATIKWY UdpoyovavOpdkwy Trou eival
OPWUATIKEG EVWOEIG TTOU BewpoUvTal TTPOTTOUTTON TNG aIBAANG (SO0t precursors).
Me dANa Adyia, eptrodidel To OXNUOTIONO alBAANG.

v' Audvel 1o pubud ofeidwong TG aIBAANG Katd Tn @Aaon ekTévwong Tou KUKAoU
AgIToupyiag Tou KivnThRpaA.

e JUPQWVA PE TIG TTEPIOCCOTEPEG TTEIPAPATIKEG DIEPEUVACEIG TTOU TTPAYHATOTIONBNKAV o€
KIvNTAPEG VTICEA, n avaugn PlovriCeA pe oupPBaTikG vTiCeA TTPOKOAEi augnon Twv
ekmouTTwv NOX. H al&énon auti ogeiheTal otnv alvénon tng TomkhAg O1a8eaiudTNTAG
oguyovou ato BdAauo Kauong agou OTTwG gival ywwaoTd o oxnuationog NOX guvoeital
atré TNV UTTapgn uwnAwv Bepuokpaciwy Kal oedwTikoU péaou (ofuydvou). EvrouToig, ol
TTPOAVOPEPBEVTEG UNXAVIOHOI dPOUV AVTAYWVIOTIKA OTnV TTEPITITWON Twv PIOVTICeA.
ZUYKEKpPIPEVA, N alénon Tou ofuydvou avTiIoTaBuileTal PEPIKWG 1 OMIKWG O€ TTOAAEG
TEPITITWOEIG ATTO TNV Heiwon NG Bepuokpaciag tng Adyag Adyw Tng Heiwong Tng
Bepuoyodvou duvaung Tou Kauaiyou. lMNa 1o Adyo autd €xel kKaTaypagei évag apiBuog
TTEIPAMATIKWY OIEPEUVAOEWY OTIG OTToieg N Xprion PlovTiCeh ouvodeleTal Ao peiwon
TO0O0 TWV eKTTOUTTWV PM 600 Kai Twv ektroutrwov NOKX.

o O exmmoutég CO Kai akaUoTwy udpoyovavipdkwy MEIWVOVTAl OOaQWS ME Tn Xprion
BiovTiCeA. O1 peiwoelg autég oe OoUYXPOovoug 4-X UTTEPTTANPWHEVOUG KIVNTAPEG VTICEA
£pBaoav 10 50-60% yia xprion apiyoug BiovTiCeA.

e H xpnion PiovtieA oe KivNTAPEG VTICEA TTPOKAAECAV PEIWON TWV  EKTTOUTTWV
TTOAUOPWHATIKWY UdpoyovavBpdkwyv o1 otroieg £épBacav akéua ato 80% oe oxéon PE TN
XPNOonN CulBaTIKOU KAUGIiOU VTICeA.
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10.

ZUPQWVa JE TIG TTEPICCOTEPEG TTEIPAMATIKEG DIEPEUVACEIC TTOU £XOUV TTPAYMATOTIOINOEI,
Ol EKTTOUTTEG OADEUD WYV augdvovTal e Tn Xprion PlovTideA.

AuUTO TTOU TTPETTEI VO KATAOTEI 0AQEG €ival 6Tl 0 OXNUATIONOG pUTTWY KATA Tn XPHon
BlovTiCeA oe kivnTApeg vTiCeA €CapTdTal ATTOAUTWG ATTO TIGC QUOIKEG (OUVEKTIKOTNTA,
EM@AVEIOKA TAON Kol TTUKVOTNTA) Kal TIG XNUIKEG 1010TNTEG (APIBUOG KETAviou Kal
Bepuoyovog duvaun) O16TI auTég kabopifouv Ta TTOCOOTA TNG CUVOMNKA €yXuduevng
TTO00TNTAG KAUCIUOU ava KUKAO AEIToupyiag TTou KaiyovTal uTtd ouverkeg TTpoavAaueitng
Kal didxuong.

TéNog agiCel va onueiwBei 6T oI oUYXPOVEG €CeAIEEIC OTOV TOPED TWV KIVATHPWY VTICEA
(vwnAég mEoeIg uTTEPTTANPWONG HE OIBABUIOUG CUMTTIECTEG, NAEKTPOVIKG €AEyXOMEVA
oucoTAPaTa  €yxuong de 1IBlaiTepa  uwnAég Tméoelg  €yxuong (2000-2500 bar),
avakukAogopia kauoaepiwv (EGR)) emTpétTouv Tnv diatripnon OAwv Twv WPEANUATWY
atmdé TN xpnon Piokaucipwyv (peiwon PM, CO, THC kai PAH) pe tautdxpovn dpon A
TOUAAXIOTOV ~ TTEPIOPIOMO  TWV  APVNTIKWY  TOUG  E€MTTWOEwWV  (aug¢non NOX).
Mapadeiygatog xapiv, n €yxuon Blovti¢eh utto 1IBIAiTEPA UYNAEG TTIECEIG £yXUONG UTTOPEI
va BeATiIwoel onUavTIKa Tov OIOCKOPTTIONO TOU KAUGIUOU WEIWVOVTAG TN JEON OIGUETPO
TWV OTAYOVWYV EUVOWVTAG £TOI TNV avauiEn ME Tov aépa kal aufdvovtag Tov Babuod
amoédoong TNG kauong Toug. Etriong o ouvduaopdg xpriong BlovTideA kal peiwong Tng
TpoTropeiag €yxuong 1 Tng xpnong EGR utmopei va TtpokaAécel dlatApnon Twv
ekTTouTTWV NOX o€ emieda il Ye QUTA TOU OUMPATIKOU KAUGiPOU VTICEA Xwpig
afloonueiwTn empBdapuvon TNG €10IKAG KATaVAAWONG KAUGIMOU Kal TwV eKTTOUTIWY PM.
levikd, n xprion PBiovTifeA oe ouvduaopo e TN BEATIOTN PUBUICN TOU KIVNTHAPO N OTToix
OTOUG OUYXPOVOUG KIVATAPES VTICEA cival euxepéoTepn o€ oxEon Me TTAAAIOTEPOUG
KIVNTAPEG UTTOPEI va 0dNyRoEl G€ ONUAVTIKO TTEPIOPICHO OAWV TWV EKTTOUTIWY PUTTWV
XWPIG EKTTTWOEIG OTOV augnuévo Babud ammdédoong Twv KIVNTHPWY VTICEA.
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