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INNOVATIVE TECHNOLOGY OF REACTIVE ENERGY COMPENSATION FOR
IMPROVING SHIP'S EEDI

Global warming, caused mainly by greenhouse gas emissions, prompted the world community to
sign the Kyoto Protocol in 1997. The regulation of greenhouse gas emissions and related economic
activities have ceased to be the prerogative of national authorities and become the subject of
international agreements. Due to the largest air pollutants from the world's oceans are ships, the
International Maritime Organization (IMO) adopted in 2003 Resolution A.962 (23): "IMO Policy
and Practice on Reducing Greenhouse Gas Emissions from Ships”, and determined that it is
possible to achieve significant reductions in greenhouse gas emissions from ships through the
adoption of technical and operational measures. This suggests that ships need to be more energy
efficient, operating conditions are well thought out, and a clear methodology for assessing ships in
terms of greenhouse gas emissions. The estimated energy efficiency factor of the vessel is the
Energy Efficiency Design Index (EEDI), which is calculated according to a formula developed by
IMO with the possibility of improving it through innovative energy efficient technologies. Since the
entry into force of the IMO resolution, mainly work is underway to improve the EEDI based on
existing innovative technologies in various categories. Progress does not stand still, but the list of
new innovative technologies for energy efficiency categories has not expanded.

The presented article is devoted to the development of innovative technology of category C, to
improve the energy efficiency index of the ship structure. This technology can used on its own, as
well as an additional tool to extend the capabilities of existing energy efficiency technologies. In
addition, the innovative technology for reactive energy compensation allows improving the EEDI
and environmental performance of already operating vessels, through their simple modernization
during planned repairs.

Keywords. Energy Efficiency Design Index (EEDI), innovative energy saving technologies,
power factor correction.

Introduction. The shipping industry has come under attention of the global community due
to a lot of carbon emissions produced by the ships. Hazardous emissions going to increase more
than 75% during the next 15 years. However, CO, emissions from shipping are possible
significantly reduced with increasing the efficiency of a large number of the ships. With the aim to
improve the environmental friendliness operations of the ships under continuously increasing costs
of energy resources, underlie in requirements set by the International Maritime Organization (IMO)
in Annex VI of the MARPOL Convention in relation to the design coefficient of energy efficiency.
According to these requirements, most new vessels should be 10% more efficient from 2015, 20%
more efficient from 2020 and 30% more efficient from 2025 [1].

The MARPOL Convention, in paragraph 4 of its Annex VI, introduces two mandatory
mechanisms as an energy efficiency standard for marine ships. These are following regulatory
mechanisms: an Energy Efficiency Design Index (EEDI) for new ships and a Ship Energy
Efficiency Management Plan (SEEMP) for all ships.

EEDI is a coefficient indicating the vessel's energy efficiency and it is define as the ratio of
carbon dioxide amount produced to the amount of carried cargo and the traveled miles. The

4



calculations are produce for the specific operating conditions of the vessel. The goal of IMO is to
make ship technologies more energy efficient by setting limits on this index. Thus, EEDI is a
technical standard target applicable for new ships [2].

Shipbuilders able to select technologies that meet EEDI requirements for a specific ship
design. A decline in the EEDI ratio over time will lead to more energy efficient ships.

Moreover, IMO has additionally introduced a voluntary energy efficiency operating indicator
(EEOI) scheme. The main purpose of this coefficient is to use it as an effectiveness indicator of
monitoring in shipping [1-3].

Publications analysis. For EEDI determination, the concepts of achieved EEDI and the
required EEDI were introduce, and a formula was develop:
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where SFC — is the specific fuel consumption of the engine [g / kWh]. CF — is the dimensionless
conversion factor between engine fuel consumption (g) and CO; emissions (g), determined by the
carbon C content in a particular fuel [g CO, / g fuel]. Pueg — is the power indicator of the main
engine (ME) equal to 75% of its nominal power minus the power consumed by the shaft generator
(if any). Pag — is the required power of auxiliary engines (DG) to provide electricity at the
maximum load of the vessel. Ppr, — is the indicator equal to 75% of the nominal power consumed
by each propeller motor, taking into account mechanical losses in it and excluding losses in the
generator. Pagess — IS the indicator of reduction of electrical energy due to the use of efficient
technologies (use of waste heat recovery from the main engine). P¢ — is the indicator of the
decrease in the main engine power due to the application of effective innovative technologies in the
propulsion unit (PU) at 75% of the main engine power. fi — is the factor of the vessel's tonnage,
meeting the requirements for limiting the vessel's tonnage, for example, the requirements that apply
to ice-class ships. fj — is the corrective factor that takes into account the specific design of ship
elements, for example, ice-class ships. fw — is the dimensionless coefficient that takes into account a
decrease in speed at a certain unfavorable state of the sea, depending on the height and frequency of
the wave, as well as on the wind speed. feff — is the coefficient of availability of each innovative
technology. Vref — is the speed of the vessel measured in deep water taking into account the tonnage
(DWT / GT depending on the type of vessel) in accordance with the above charter (knots). More
details about the coefficients can be found in [3,4].

The EEDI calculation formula developed by IMO can represented in the separate blocks
(products) form, consisting of a large number of coefficients are responsible for the energy
efficiency of the vessel individual components. There are such units as main engine, ship's hull,
ship's propeller, ship's generators and auxiliary machines. Certain coefficients in the formula take
into account the availability and use of highly efficient technologies to improve the energy
efficiency of a particular unit. The calculation the energy efficiency coefficients of different units
are make individually, taking into account their characteristics. That’s why, all innovative energy
efficient technologies are categorized into categories A, B and C depending on how they affect to
the EEDI formula. In turn, innovative technologies for improving energy efficiency of categories B
and C are divided into two subcategories: categories B-1 and B-2 and categories C-1 and C-2,
respectively.

Category A includes technologies that directly affect to the speed / power ratio of the vessel,
that causes changes of combination between thrust and / or vessel speed. Such technologies, for



example, at a constant vessel speed, lead to decrease the power of the power plant, and, opposite, at
a constant power of the power plant, they lead to increase the speed of the vessel [22].

Category B uses technologies that reduce the power of the power plant at the same vessel
speed Vier, but do not generate electricity, and the saved energy is counted as Pes. The technologies
used in this category are divided into those that can be used at any time — technologies of category
B-1, so the availability factor f. will be equal to 1. An example is the technology of air lubrication
of the ship's hull. And technologies that can be used at full capacity only in limited conditions and
periods — technologies of category B-2 — the availability factor fe¢ should be less than 1. For
example, wind power [24].

Category C is a category for energy efficient power generation technologies. The saved
energy is calculated as Paget [6,7]-

Similar to categories B-1 and B-2, categories C-1 and C-2 are categories in which energy
efficient technologies for electricity generation can be used at any time during operation, for
example, waste heat recovery and technologies, which can be used only at full capacity under
limited conditions, such as solar energy. For C-1, the availability factor fe; should be considered as
1, and for C-2 — f¢ should be less than 1 [16].

Waste heat recovery technologies increase the efficiency of using the energy generated by the
combustion of fuel in the engine by recuperating thermal energy from exhaust gases, cooling water,
etc., thereby generating electricity. There are two methods of generating electricity using heat
recovery technologies: 1) a method of recovering thermal energy with a heat exchanger and driving
a heat engine, which turn drives in electric generator; 2) a method of direct drive of electric
generator using a power turbine of an internal combustion engine turbocharger. In addition, a waste
heat recovery system can combines both of the above methods [6].

Problems and purposes formulation. As can we see from the literary sources analyze, a lot
of attention is paid by manufacturing companies and scientific institutes in the field of shipbuilding
to improving the energy efficiency of ships through technical improvements and increasing the
efficiency of units, hulls and systems of ships. Technologies are being developed and implemented
for the treatment of exhaust gases, their utilization and additional power take-out [4,15,20]. Energy
efficient and, as a rule, expensive electric drives are design, maintenance and repair of which
require large financial costs during operation. At the same time, unfortunately, not enough attention
is paid to the quality of electricity, throughput of the ship's network and its improvement. There is
not a single technology that is aimed to improving the listed parameters in the C category [21]. In
addition, innovative technologies of C category are limited in use, or cannot be applied at all in
partial or maneuvering modes of the vessel. For example, the utilization of waste gas heat cannot be
used when the vessel is in the port, in the roadstead, or when maneuvering, because the amount
required heat for producing the electricity is varies with the load, or is completely absent. Therefore,
generating electricity is not possible. At the same time, it is possible to compensate the reactive
energy in any ship operating modes.

When the ship’s power plant is calculate, the power factor of electrical equipment is taken into
account at its rated operation (load). Therefore, the estimated cos (¢) is within 0.75~0.9, which
meets the requirements of regulatory documents and classification societies. However, the
calculations do not take into account the modes of partial loads. In mentioned modes, asynchronous
motors, such as the prevailing electric motors in marine drives, operate with a reduced power factor,
which in turn decrease the overall power factor of the power plant [8].

The examples of marine electric drives operating with low cos (@) are drives of steering gears,
hydraulic mooring winches, electric drives for hatch cover opening hydraulics, thrusters,
compressors of centralized air conditioning systems, electro-hydraulic cargo cranes, ballast pumps,
and power transformers for refrigerated containers and ship consumers etc. Where are partial load
modes of electric drives come from. To answer this question, it is necessary to study the features of

ship's operation, into account the seasonality of cargo turnover, seasons, weather zones and
technical equipment.



The hydraulic steering gear uses pressurized hydraulic oil to shift the steer. Pumps are used
for pressure rise, driven by asynchronous electric motors. For the overwhelming time, the oil
circulates through the system without any works. Consequently, the electric motor is not fully
loaded, and therefore its cos () is in the range of 0.5~0.7. Electro-hydraulic cranes work according
to a similar scenario. As a rule, on cranes, one electric motor drives 3 hydraulic pumps that lift the
hook, boom and turn the tower. Due to these actions must be performed simultaneously, and then
the power of the electric motor is selected accordingly to full load. However, as practice shows, the
use for three simultaneous actions is not always necessary. And it is worth considering the fact that
when lowering a load or an empty hook, the load on the electric motor is not rated. All these
circumstances reduce the power factor of the drives and the power plant as a whole.

A separate issue is to consider the factors that reduce the cos (¢) on container ships with a
high-voltage power plant. As a rule, these are modern container ships of large displacement and a
large number of refrigerator containers. The container is powered with 440 voltage, which is
significantly lower than the voltage generated by the power plant. For these purposes, step-down
transformers are used. When the vessel is partially loaded with refrigerator containers, the
transformers remain unloaded and the overall power factor of the power plant decreases.

Research. Innovative technologies for waste heat recovery and converting it into electricity
are aimed to reduce the electricity generation with auxiliary engines. This leads to decrease the
amount of consumed fuel and the emission of pollutants into the atmosphere.

An alternative way to improve the ships energy efficiency of C Category is the increasing the
power factor for power supply system by compensating for reactive energy. Increasing the energy
efficiency is possible due to artificially created conditions for increase the maximum active load of
ship generators.

A visual representation of reactive power compensation, explained by an example of a simple
AC circuit with reactive elements, shown in Fig. 1. Suppose that before compensation, the
consumer had active power P, respectively, current la (OB segment in Fig. 1.b)) and reactive power
from inductive load Q; with the corresponding current I, (BA segment). The total power S;
corresponds to the vector li,ag (Segment OA). Power factor before compensation is cos (¢1). The
compensation vector diagram is shown in Fig. 1.b).

| L I load I load™s] | load

* A A

Fig. 1. Capacitive reactive energy compensation

After connecting a capacitor with power Q. (current I¢) in parallel with the load, the total
reactive power of the consumer will be Q1-Qc.

The phase angle will decrease from ¢; to ¢, and the power factor will increase from cos (¢1)
to cos (p2). The total power consumption for the same active power consumption P (current I,) will
decrease from S; (current ljoaq) to Sy (current 1), (OC segment). Consequently, it is possible to
increase the network throughput at active power with the same wire cross-section due to
compensation.

With changing the capacitance value of the compensating capacitors, it is possible to compensate
the reactive current on the active-inductive load of consumers fully [9-10, 12]. Fig. 2 shows how the
total current consumption can be reduced and the full load power factor increased to one.
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Fig 2. The total current and power factor dependence from the capacity
of the compensating capacitors.

As mentioned above, incomplete loading of electric drives, as well as maneuvering modes of
the ship, when an additional generator is required, regardless of the power consumption,
significantly reduce the overall power factor of the power plant.

Generators are protected by maximum current, not by maximum power. When the power
factor drops to 0.5, the generator can produce about 50-60% of active power, which can be
converted into mechanical work. The rest of the generator load will be reactive power, which does
not perform work, but is aimed to electromagnetic fields creation, supply wires, windings of electric
motors and generators heating. Therefore, an additional generator has to be started to provide the
required active power. This leads to additional energy costs and deterioration of the ship's
environmental friendliness.
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Fig. 3. Ship's power system with a capacitor's reactive energy compensator

Fig. 3 shows a vessel power system with a capacitor's reactive energy compensator (RECD).
This arrangement of the power plant allows increasing the power factor at any time, even in
maneuvering and cargo modes. In this case, the required reactive energy is generated by the
compensator, and practically does not affect the generator. The power factor cos (¢) of a ship power

plant can be maintained equal to one or close to one. More details on the compensation of
reactive energy in ship power systems can be found in [9,11].

The ship's electrical power plant of CAP SUN ARTEMISSIO consists of 5 generators HSJ7
917-10P type. The prime engines type is HUYNDAI HIMSEN 9H32 / 40. Alternator voltage U is 6.6
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kV, alternator current I is 539.9 A, full power S is 6171.43 kVA, active power P is 4320 kW and
power factor cos (¢) is 0.7. Fig. 4 shows the specification of these generators.

SPECIFICATION
TYPE HSJ7 917-10P
OUTPUT CAPACITY 6171.43 KVA |
RATING CONTINUOUS \
PHASES WIRE,CONN | 3 @, 3W. Y (DAMPER WINDING) [
VOLTAGE AC 6600V o
CURRENT 539.9 A (
FREQUENCY 60 Hz
POLES 10 P
SPEED 720 RPY
POWER FACTOR 0.7 LAGGING (
GD? / J 4220.0 Kg.w® / 10550 Kg.m® I
ROTOR WEIGHT 8258 Kg (
TOTAL WEIGHT 22.5 ton '
CHARACTERISTICS

Fig. 4. Specification of synchronous alternator type HSJ7 917-10P

As seen from the presented specification, the alternator parameters were determined
experimentally with an inductive load and a power factor cos (¢) is 0.7.

If the power factor drops to 0.5, the maximum power that the generator can take over is
3082.3 kW. Which is 71% of full power. It would seem that the power reserve is 29% - 1251.41
kW, and the generator is already delivering the maximum current. CAP SUN ARTEMISSIO is
capable of transporting 2,100 reefer containers. The rated power of each container is 6.5 kW. At the
same time, it is possible to load 863 containers into the hold, and 1237 containers on the deck.
Taking into account the loading factor and the nature of the cargo, the number of simultaneously
operating containers is 837 on the deck and 863 in the hold, respectively. The total load of
refrigerated containers is (837 + 863)-6.5 = 11050 kW. Refrigeration containers power supplies is
carried out by step-down transformers, the primary winding of which is connected to the 6.6 kV
main switchboard, and the secondary one supplies one of the distribution boards for ref. containers.
The total number of transformers is 42. Of these, 26 transformers with a capacity of 630 kVA, 6
pcs. - 670 kVA, 5 units - 550 kVA, 4 units. - 500 kVA and 1 pc. — 750 KVA. In addition, two step-
down transformers, each 4500 kVA, also power the 440 V low-voltage main switchboard.

As seen from the load analyze table, Table 1, in running mode with a full load of refrigerated
containers, the power consumption is 13,900.4 kW. For cover this load, 4 generators from 5 are in
service. That, with the condition of the permissible generator load factor is:

Pret = Pgen " ks*m (2)

Pret =4320-0.85-4=14688 kBT,

where Py is the total power of the network, Pge, is the power of 1 generator with cos (¢) = 0.7, k; iS
the coefficient of permissible load of alternator (0.8~0.9)-Pnom, m is the number of operating
generators. However, if we raise the cos (¢) to a value of 0.92~0.98, then the total load that the
generators can take on will be: 21772.8 kW.

According to calculations, by increasing the cos (¢) of the network to a value of 0.98, it is
possible, for a specific case, to take out of operation one diesel generator. Regarding to the passport
data of the drive diesel engine, its daily fuel consumption is 16.495 tons of heavy fuel. Sea passage
from the ports of China to the ports in Mediterranean Sea of Europe takes from 17 to 27 days,
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depending on the set speed, weather conditions, currents and the technical condition of the vessel.
From the above, it follows that fuel savings can range from 280.415 to 445.365 tons. According to
IAA "Sea News" bunkering in the port of Rotterdam with VLSFO 0.5% low-sulfur fuel will cost $
527 per ton, in the port of Singapore — $ 646 per ton, in the port of Piraeus — $ 622 per ton. It is easy

to calculate that for the passage from ports of China to ports of Europe, the ship can save from $
147,800 to $ 288,000.

Table 1
CAP SAN ARTEMISSIO load analyze table fragment
ELECTRIC LOAD ANALYSIS
SUMMARY SHEET (FOR HULL NOS. 2521-26) page 1
NORMAL | ATPORTINOUT AT AT AT EMERGENCY
CLASSIFICATION SEA GOING WITHOUT i WITH LOAD/ HARBOR BLACK FIRE
THRUSTER THRUSTER UNLOAD ouT
\REEFERCONTANERLOAD | 110800 110500 10500 | 110500
fPREFEF{ENTIAL LOAD 12,638.6 13,118.2 17,534.4 | 12,825.6 583.5
|TOTAL LOAD (WITH REEFER CONTAINER) 13,900.4 14,7346 18,653.2 | 13,762.1 129.5 148.1
(WITHOUT REEFER CONTAINER) 1.8890 27331 6,651.7 1.760.7 1.228.5
(AFTER PREFERENTIAL) | 1,261.8 1,616.4 1,118.7 936.5 |
NO. OF GENERATOR (W/ REF CONTAINER) 4 x DIG 5xD/G 5x DIG 4 x DIG 1xEIG 1xEG
! (WITHOUT REEFER CONTAINER) | 1xDIG 1xDIG 2x DIG 1x DIG 1xDIG
(AFTER PREFERENTIAL) | 1xDIG | 1xDIG 1xDIG 1xDIG
Reefer container on deck (FEU) 1237 837 6500 1.00 100 54405 5440 5: 5440.5 PT2
‘Resfer container in hold (FEU) 83| 863 | 650 1.00] 100] 5600.5 5095 500.5 P12

In addition to fuel save, stopping the one of generators can reduce NOx emissions, thereby
improving the ship's operating index and, consequently, the ship's environmental friendliness. For a
specific vessel, based on the data on tests of a drive diesel engine, Figure 6, we calculate how much
NOx emissions were reduced. The engine operating time for the passage from the ports of China to
the ports of the Mediterranean Sea of Europe is with 17 days of passage is 24 — 17 = 408 h and with
27 days of passage: 24 — 27 = 648 h.. Taking into account the maximum load of the generator 0.85,
and the drive diesel 0.75, the amount of emissions was reduced by Pgen k;. NOx Chrab = 4320 0.85 -

9.26 - 408 = 13873109.76 (g) ~14 tons, and for 27 days of transition — 4320 - 0.85 - 9.26 - 648 =
22033762.56 (g) ~22 tons.

Table 2
NOx emission table for HUYNDAI HIMSEN 9H32 / 40 drive diesel engine
on different loads
Based on Parent engine Based on calculation "
Load |NOx, actuallHa or Hsc(*) Khd(**) Ta Tsc, actual| Tscref | Tsc, max.| Khd(*™*) | NOx, max.
(%) | (@kWh) | (g/kg) () () (©) () (g/kWh)
100 8.39 213 0.881 13.1 530 | 530 55.0 0.885 8.43
75 9.26 2.05 0.881 13.6 52.0 52.0 55.0 0.888 9.32
50 9.68 2.04 0.882 14.2 51.0 51.0 55.0 0.891 9.77
25 10.29 2.08 0.886 15.6 49.0 49.0 55.0 0.899 10.43
10 13.53 212 0.889 16.8 48,0 48.0 55.0 0.905 13.74
D2 (g/kWh) 9.55 9.64

With complex reactive energy compensation, the availability factor feff is taken equal to 1,
due to the possibility of using the compensation device at any time and under almost any
conditions. RECD does not generate electricity on its own; therefore, it is not possible to calculate
the amount of electricity produced, as is done to calculate the energy efficiency of an exhaust gas
recovery system. However, if compensated the reactive load, it is possible to load up the alternator
with an active one. And, at a certain moment, when the power factor of the network cos ¢ = 1, the
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active power P will be practically equal to the full S. Thus, more energy efficient use of generators
will save either their power or the number of simultaneously operating generators to cover the
current load. The saved power can be considered as an indicator of the reduction in electricity
PAEeff due to the use of energy efficient technologies. Then the PAEeff coefficient should be
calculated using the formula:

PAEeff = P,c'meff - P,cll;seff = 2 Pioss: (3)

where P, is the electricity produced by the generator with reactive component compensation,
Pugess is the electricity that the generator can generate without reactive component compensation,

Y. Py, is the sum of mechanical losses in the generator, in the compensator and power lines.

Innovative technologies for reactive energy compensation using RECD should be classified as
technologies of category C. However, according to the tasks being solved, they can meet the criteria
of both categories C-1 and C-2. Like waste heat recovery, reactive energy compensation can be
applied throughout the ship’s operating time. However, the technology of reactive energy
compensation can be used in all modes of ship operation.

The technology of individual compensation for reactive energy match the criteria of category
C-2. RECD used either during start-up or during operation of a consumer whose capacity is
comparable with a power plant. As a rule, such consumers work during cargo operations or during
ship maneuvering.

It should note that exhaust gas recovery and reactive energy compensation could apply
simultaneously and independently of each other. The combined use of the two technologies will
reduce the number and / or capacity of the installed auxiliary generator sets, which, in turn, will lead
to a decrease in the consumption of expensive energy resources and the amount of emissions of
polluting gases into the atmosphere.

Conclusions. Marine innovative energy efficient technologies are the complex of measures
from different sectors designed to improve the EEDI and the environmental friendliness of ships.
Therefore, they are divided into the corresponding categories A, B and C, since affect EEDI in

different ways. Existing EEDI improving technologies offer either mechanical ways to
improve energy efficiency or directly generate electricity, and do not consider electrical and
electrodynamic improvement. Today, the C-1 category presents innovative technologies aimed at
generating electricity by utilizing waste heat and are the only technologies available in it. However,
they can be limited used in the port, during ship maneuvers and anchorage. The innovative reactive
energy compensation technology is a technology that is successfully applicable for both C-1 and C-
2 categories, depending on the goal. It is possible to increase the network throughput and active
power with the same wire cross-section with reactive energy compensation. This technology is not
aimed at generating electricity, it allows the power plants to be loaded with more active power,
which make possible to use either a smaller number or less powerful diesel generators for covering
the current load, which leads to significant savings in fuel burned and, as a result, greenhouse and
poisonous emissions gases into the atmosphere.

Obviously, an innovative technology for reactive energy compensation has to be added in C
category. The value of the availability factor f.s should be taken equal to one if complex
compensation is applied, and fe <1 if individual.

The development, validation and implementation of innovative energy efficiency technologies
are complex processes that never end. They are develop as we gain experience. Therefore, all
current guidance documents should be temporary and change as progress develops.
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JlicoBenko /I. B., lyaxo C. A.
THHOBAIIMHA TEXHOJIOI'ISI KOMIIEHCAIIi PEAKTUBHOI EHEPI'TI 111
HNIABUIIEHHSA EEDI CYJJHA

T obanvrne nomenninus, UKIUKAHe NO OLIbWIL MIPT GUKUOAMU 8 AMMOCEepy NAPHUKOBUX 2d3I8,
CNOHYKaNO c8imosy chitbHomy 0o nionucauus y 1997 poyi Kiomcvrxozo npomokony. Pezynrosanns
BUKUOIB NAPHUKOBUX 2d3i8 [ NoG'si3aHa 3 HUMU eKOHOMIYHA OIAIbHICMb nepecmana Oymu
npepo2amugor0 HayioHAIbHUX éracmel i cmana 06'€eKmom MidDCHaApOOHUX y200. ¥V 38'a3ky 3 mum,
wo Haubinbwumu 3a0pyoHIoeadamu ammocgepu 3 OOKY C8imo6020 OKeaHy € MOPCbKI CYOHaQ,
Miscnapoona Mopcoka Opeanizayis (MMO) npuiinana 6 2003 poyi pesonoyito A.962 (23):
"llonimuxa i npakmuxa MMO wo0o ckopoueHb 8UKUOI8 NAPHUKOBUX 2A316 3 MOPCHbKUX cyoeH”, i
BUBHAYUNLA, WO OOMOSMUCS 3HAYHUX 3MEHUEHb SUKUOI8 NAPHUKOBUX 2a3i8 3 MOPCbKUX CYOeH
MOXNCIUBO 34 PAXYHOK NPULHAMMS MEXHIYHUX | eKcnayamayiiunux 3axodis. Lle cosopums npo me,
wo cyoHa NoBUHHI Oymu Oilbul eHepeoepheKMUBHUMU, eKCIIYAMAYitiHi pedcumu npooymManumu, da
maKodc HeoOXiOHA YimKa Memooon02is iX OYIHKU 3 MOYKU 30pPY BUKUOY NAPHUKOBUX 2a3I6.
Oyinounum roeiyicHmom enepeoeghekmueHocmi CyOHa Ccmae KOHCMPYKMUBHUL Koeghiyienm
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enepzoepexmusnocmi (EEDI), axuii po3paxoeyemucs 8i0nogioHo 0o gopmyau, pospoonenoi MMO
3 MOJMCIUBICIIO 1020 NONINUWIEHHS 3d PAXYHOK [HHOBAYIUHUX eHep2oeqheKMmUSHUX mexwonociu. 3
Momenmy ecmyny 6 cuiy pezonoyii MMO, 2onoénum uuHomM 8edymubcsi poOOmu no NONINUEHHIO
EEDI na 6a3i ichytouux iHHOBAYIIHUX MeXHOA02Il no pisHum Kamezopiim. Ilpoepec ne cmoims Ha
Micyi, npome CNUCOK HOBUX IHHOBAYIUHUX MEXHON02IU Ol Kame2opill eHnepeoephexmusHocmi He
DPO3UWUPUBCAL.

Ilpeocmasnena cmamms npucesuena pospobyi innogayiunoi mexuonoeii kameeopii C, 0
noninuieHtss THOeKCy eHepeoehekmueHocmi KOHCmMpYKYii cyoua. Lo mexnonozito ModcHa
BUKOPUCTNOBYBAMU CAMOCMIUHO, A MAKON}C 68 AKOCMI 000amMK08020 IHCMPYMEHMY OJisl PO3ULUPEHHS
MOdACIUBOCIEN ICHYIOUUX MeXHON02Il enepeoedhekmusrocmi. Kpim moeo, inHO8ayiliHa mexHo102is
3 KomneHncayii peakmuenoi enepeii dozeonse noainwumu EEDI i exonoeiuni nokaznuku iice 0irouux
CYOeH, WISIXOM IX HeCKIaOHOI MOOepHi3ayii npu niaH080My peMOHMI.

Knrwwuosi cnosa. Enepeoegexmuenicmo (EEDI), innosayitini emepeosbepicaroui mexuonoeii,
KopeKyisn KoeghiyieHma nomyiHcHocmi.

JIucosenko /1. B., lynko C. A.
WHHOBAIIMOHHAS TEXHOJIOI'MSI KOMIIEHCAIIMA PEAKTUBHOM SHEPT' N
JJIS1 TIOBBIIIEHUSI EEDI CYJTHA

Inobanvroe nomennenue, 6bi36aHHOE NO OOBLULEN MePe 8bIOPOCAMU 8 AMMOCHeEPY NAPHUKOBLIX
2a308, nobyouno muposoe coobujecmeo k noonucaumuro 6 1997 2ody Kuomckoeo npomoxoia.
Pecynuposanue 6blOpoco6 napHuKosvlx 2a308 U CEA3AHHASL C HUMU IKOHOMUYECKAsL QesimelbHOCb
nepecmana 0vimv NPEPOSAMUBOU HAYUOHALLHBIX GlACMel U CMAld 00beKMOM MeNCOYHAPOOHBIX
coenawieHull. B ceazu ¢ mem, umo HAubOILWUMU 3ACPAZHUMENAMU AMMOCHeEPbl CO CMOPOHbL
MUPOB0O20 OKeaHa AGNAIOMcs Mopckue cyoa, Meocoynapoounas Mopckas Opeanuszayus (MMO)
npunsina 6 2003 200y pezonoyuro A.962(23): “llonumuxa u npakmuxa MMO ommuocumenvho
COKpaweHUuti 8bl0POCO8 NAPHUKOBBIX 2A308 C MOPCKUX CY008~, u onpedenuna, 4mo 00OUMbCsl
3HAYUMETLHBIX YMEHbUEHUL 8bIOPOCO6 NAPHUKOBLIX 20308 C MOPCKUX CYOO8 803MOICHO 34 CYEm
NPUHAMUS MEXHUYECKUX U IKCHIYAMAYUOHHBIX MEPONPUAMULL. Dmo 2080pum o mom, 4mo cyod
00/191CHbL OblmMb O01ee IHEP20IPHEeKMUBHBIMU, IKCHIYAMAYUOHHBIE DENCUMbl NPOOYMAHHLIMU, a
Makoice HeodX0OUMa 4emKas Memoooo2usi OYeHKU CYOHA ¢ MOYKU 3PeHUsl 8bl0pOCa NAPHUKOBLIX
2a306. OyeHouHbIM KOIPDUYUEeHMOM IHEPeoIPhekmueHocmu CcyoHa Cmanr KOHCMPYKMUBHDLU
Koappuyuenm snepeosppexmusnocmu (EEDI), xomopuwiti paccuumsiéaemcs co2iactHo gopmyie,
paspabomannot. MMO ¢ 603MOdCHOCMbIO €20  VAVYWIeHUs 3ad  cyem  UHHOBAYUOHHLIX
oHepeoahpexmusnvix mexunonocuti. C momenma ecmynienus 6 cuny pesonmoyuu MMO, enasuviv
obpazom eedymcs pabomwvl no yryuwenuro EEDI| na 6aze cywecmsyrowux unnosayuonmwix
mexHon02ull no pasHuviM Kamezopusm. Ilpoecpecc ne cmoum Ha mecme, OOHAKO CHUCOK HOBbIX
UHHOBAYUOHHBIX MEXHONIO2UL OISl KAMe2opuil IHepe0dphHeKmueHocmu He pacuupuics.

Ilpeocmasnennas cmamuvs nocéaueHa paspabomre UHHOBAYUOHHOU mexronoeuu kamezopuu C,
OJ1s YIYYUleHUsi UHOeKCA IHeP2oIhPekmusHocmu KOHCmpyKkyuu cyoHa. TexHonoeuro KomneHcayuu
PEAKmuBHOU SHepeUul Ha Cy0ax MOICHO UCHOIb306AMb CAMOCMOAMENbHO, A MAKlice 6 Kauecmee
OONOTHUMENbHO20 UHCMPYMEHMA 015l PACULUPEHUS B03MOICHOCMEN CYUeCMBYIOuWUX MexXHOL02Ul
aHepeoaghpexmusnocmu. Kpome moeo, unHo8ayuonHas mexnoniocus no KOMNEHcayuu peaKxmusHou
sHepeuu nossonsem yayuuums EEDI u skonoeuueckue noxazamenu yowce oeticmsyowux cyoos,
nymem ux HeCl0HCHOU MOOEPHU3AYUU NPU NIAHOBOM DEMOHME.

Knrwuesvie crosa. Duepeosgppexmusnocms (EEDI), unnosayuonnwvie snepeocoepezarowue

MEeXHOI02UU, KOPPEKYUsi KOIPPuyueHma MouwHoCmu.
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