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TRIGENERATION AS A METHOD OF HIGH EFFICIENT UTILIZATION OF SECONDARY
- ENERGY' RESOURCES OF THE SHIP POWER' PLANT v

HH Dimitrovi AL, postgraduate Student; Yakovieva O, PhD} Khm%lmukM ‘DS, prof. +
Instltute of Refrzgeratzon Cryotechnology and Ecoenergy named after prof. V.S. Martynovsky
o * Odessa National'Academy Of Food Techhology,' éefessa Ukraine '
E—mazl a. dzmztrov osar@gmazl com; osarja@gmazl com; hmel m@ukr net
For years there has been, and still is, a tendency in the national economy to increase the efficiency of
both the marine and inland propuls1on systems. New design solutions are searched to iicrease the efficiency
_of the propulsmn system via usmg the cogeneratlon technology to recover the secondary energy resources of
“"'Ship propulsion. 7
. Cogeneration, also known as combined heat and power (CHP) and total energy, is an efficient, clean and
* reliablé approach fo generating power and therthal energy ‘from a single fitel source. Namely, cogeneratron uses
heat that isotherwise discarded from conventional power generation to produce thermal energy. This.energy is
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achieve a dramatic improvement in the system’s efficiency. In addition, the hlgher efficiencies of cogeneration
reduce air emissions of nitrous: oxides, sulfur dioxide, mercury, particulate matter- and carbon dioxide, which are
the leading greenhouse gasesassocrated with climate change [1].

All these qualities make cogeneration technology very attractive for usmg m the marine applications.
However, such ship recovery system has been recently modified by using the trigeneration technology
instead of cogeneration. The advantages of applying trigeneration were evident..

Trigeneration or combined heating, cooling and power (CHCP) production is becoming an
increasingly important energy option. Trigeneration can be seen as the“simultarieous production of
electricity; hedt and cooling power ffom the same source of enérgy such as natural gas or-oil. The literature
typically refers to tngeneratwn as the combination of a’traditional combined: heat and power (CHP) prime
mover such as an engine or a. combus‘uon gas turbine, that cogenerates electncrty and heat, with an
absorpnon cycle driven by hot water or steam produced by CHP system [2]. :

CHCP systems in corporate miltiple technologies for energy supplying of a smgle or a campus of
buildings,. hospltals medical -centers, industrial facilities, etc. These systems provide many benefits such as
reduced energy costs, improved power reliability, increased energy efﬁcrency,» and improved env1ronmental
quality that-makes this technology economically attractive.

In trigeneration systems two kinds of ship power plant can be generally used: reciprocating Diesel
engines (DEs), and gas turbme plant and each of them can be selected for exactly matchmg the site
condttlons [2]::

Rec1pro¢at1ng Diesel engmes are the most common: and most techmcally maturecof all d1str1buted
comrrmnly available fuels such as diesel fuel.

+ In addition to DEs, trigeneration systems can utilize gas turbine power plants as’ -prime movers, which
are basrcally produce in the range from 8 MW up to 14 MW of power. Such power plaits can use natural
gas, propane, diesel fuel and can be divided in two general classes: :

" e Recuperated power plants, which recover the heat from the exhaust gas to boost the temperature of
combustlon and increase the efficiency;

- e unrecuperated (or s1mp1e cycle) ‘power plants whlch have lower efﬁcrencres but also lower capital

~In CHCP systems electrrcrty 1s provrded by on-site or nearnsne power generators ‘Waste heat from
power generation equipment 1s recovered by. operating mstallatrons for heating and coohng, wh1ch usually
are utlhzmg heat recovery ‘unit with water-LiBr absorptlon chlllmg - e

Such systems 1mplemented in manne propulsion systéms in fecent years. are based mamly on gas and
steam turbines. These systems’ can reach the effieiency exceeding 60% in inland apphcatrons For example,
the njarine system of this type was applred by thie “Wirtsild Corp.”. However, its main_disadvantage is that
the systemi needs a lot of free installation area because of its considerable large size.

_As the ship has relatively small holds, the maximal installation area for the recovery unit is strictly
limited. Therefore, the requirement for mass and overall dimensions takes the first priority place.

. This requirement is primarily concemed with the part of recovery unit, which produces cooling power,
i. e. heat driven refrigeration: machine (HDRM) Today the most efficient of HDRMs is absorption heat
driven machine (coefficient of performance is approximately 0.75), but its size is large'and this isn’t a good
thlng in small area conditions. Furthermore, its operational complex1ty and price are very high.

These problems can be solved in case of usingsimple-and reliable ejector chillers and air conditioners
as a heat driven refngeratlon ‘machine for different types of shrp trigeneration systems (Figure 1).Ejector
refrlgeratlon machines (ERMs) are operated with low-b01lmg point workmg ﬂu1ds and powered by heat
supplied from ship power systems - ‘
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Figure 1 — Diagram of ship trigeneration system incorporated the ERM:

1 — Ejector; Il - Generator; Ill — Evaporator; IV — Condenser; V — Receiver-subcooler; VI — Cleaning Filter; VII -
Feed Pump, VIII - Drying Filter; 1X — TEV;: X — Injector; XI — Liquid Separator; XII — Regeneration Heat Exchanger;
XII - Alternator; XIV — Water Pump; XV — Recovery Boiler

Such waste heat recovery would ultimately reduce overall fuel consumption and carbon dioxide
production and thus help to alleviate global climatic change brought about by the greenhouse effect.

ERMs have such advantages over other heat powered refrigeration cycles as simplicity in design, high
reliability and durability, low installation cost, small maintenance and repair expénses.

The basic components of the ejector chiller include anejector, a generator; an evaporator, a condenser,
an expansion valve and a feed pump. The thermal energy of the exhaust gases is transferred through a heat
recovery unit to a water circuit serving the generator of the chiller. Low boiling refrigerant is heated by the
low grade heat energy Q, rejected from the heat recovery unit into the generator, where liquid refrigerant is
vaporized at relatively high pressure P, and temperature T,. This primary vapor with a mass flow rate of ,

flows through the primary convergent-divergent nozzle of the ejector and expands at the exit of the nozzle.
The relatively low-pressure produced by this expansion causes a suctioning effect of secondary flow with a
mass flow rate of 7, from the evaporator at low pressure P.. The primary and secondary fluids are mixed in

the mixing section of the ejector and undergo a pressure recovery process in the diffuser section. The
combined stream flows to the condenser where it is condensed to liquid at intermediate pressure Pcand
temperature T.. The heat of condensation Q, is rejected to the environment. From the condenser, a portion of
the liquid refrigerant is pumped back to the generator, while the remainder is expanded through an expansion
valve and enters the evaporator, where it is evaporated at temperature Te thus completing the cycle. The
resulting cooling effect Q. can be used to provide air conditioning and space cooling to the local community
or to improve the thermal efficiency of the engine cycle by cooling the charge air prior to ingestion to the
engine cylinders. Thus, the main part of the exhaust heat can be recovered.
The only drawback of the ERMs was their relatively low COPs, usually not higher than 0.3.

Figure 2 — Diagram of hybrid ORC-ERM Figure 3 — The overall dimensions comparison of the standard
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Recently several high efficiency ERMs, operating with refrigerants R141b and R245fa, were
developed and coefficients of performance (COPs) in the range of 0.5 — 0.7 were obtained at practical
operating conditions. These results are very encouraging for air-conditioning and cooling applications
because these COPs are similar to those for absorption cycle machines [3,4,5].

Thus, the tngenera’uon systems with ERMs could be suitable altematwe to that with water-LiBr
absorpttdir systems [5]." " ~

In ONAFT the new way to further reduction of the trigeneration system s overall dimensionsis
researched. It represetits asystem operated by’ the combined ejector cycle and organic Rankine cycle. The
new recovery unit is called Hybrid ORC-ERM machine.As both the steam power plant and the ERM have
""the same apparatuses’ (generator, condenser and pump), a hybrid trigeneration machine can be designed. The
diagram of hybndORC-ERM machine is shown on Figure 2. On Figure 3 the classic trigeneration system .
and the* hybrid ORC-ERM ‘machihe are’ ‘shown for‘a’ comparative’ analysis. The b1g difference between
overall dimensions of these recovery plantsis visible. Finally, there are the simplest and cheapest
'contlnuously working tngeneratlon systems among othér hybrld cycles.

» CHCP systems, when designed to operate 1ndependently from_ the gnd can prov1de critical. power -
g 'rehablhty for @ variety of ships while providing electric, thermal and refrigeration enérgy to the sites on a’
continuous basis, resulting in daily operating cost savmgs CHCP systems can be configured in.a number of
ways to meet the specific reliability and risk profiles of various customer needs, and to offset the capltal cost
. investment, for traditional backup power. measures. Replacmg the large and expensive Li-Br absorption
chiillers with the ERMs allows ‘to obtain the’ ¢ompact and cheap trigeneration units which are ready to be
.. installed in different vessels and ensure the efficient and rehable operation in any operational condition. . ., ...
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