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ABSTRACT

The paper attempts to analyze the technical possibilities of using a compressor heat pump to
recover waste heat from energy processes implemented by a watercraft. The amount of waste
heat that could be used for the heating needs of the vessel was estimated and the hydrothermal
potential of the marine waters was assessed. The possibilities of reducing the power of the ship's
power plant used to power the ship's heating installation were determined.
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INTRODUCTION

A vessel, regardless of whether it is a ship, a merchant ship or a passenger
ferry, is in a sense a ‘connection’ of a residential object and a vehicle with an inter-
nal combustion engine. Contemporary residential buildings in modern construction
are characterized by very low energy demand for both heating and cooling. Providing
thermal comfort is realized on the one hand through advanced technical solutions
for building air conditioning based, among others for heat pumps on the other
hand, high thermal insulation of the building. Each modern building has additionally
mechanical ventilation with heat recovery.

Modern marine climate installations are still based largely on electric heaters
and air-conditioning units in which the heating is carried out electrically and cooling
using a freon cooling system. Steam boilers and steam heating installations are used
less frequently and will probably soon be a relic of the past rather than subject to
technical development.

Extensive air conditioning installations significantly burden ship power plants
both in summer and in winter. In addition, there is a constant tendency to increase
the social and living comfort of the ship’s or passengers’ crew, resulting in an in-
crease in both the heating power and, above all, the cooling power [7]. It is techni-
cally impossible to improve the insulating parameters of a ship due to thermal
modernization. The search for new solutions based on available technology in the field
of ventilation and air conditioning, as well as proven in other areas such as land
construction seems justified. An additional element that encourages the use of a heat
pump on the ship is the fact of producing significant amounts of waste heat from
technological processes taking place in a marine engine or power plant.

Heat engines should be cooled constantly, which causes the production of
significant amounts of ‘hot’ water ejected into the sea. The utilization of waste en-
ergy to reduce electricity consumption is particularly desirable when operating in
the sea where it is extremely valuable and has until recently been used almost ex-
clusively for purposes more important than heating and cooling.

The power of modern air conditioning installations of MW RP ships makes
up about 20% [4] of the power of the ship’s power plant. Air handling units of ves-
sels are, therefore, an area of the ship's energy balance which is most suitable for
limiting the consumption of electricity with the participation of renewable energy.

The aim of the paper is to present the use of a heat pump in an air-conditioning
installation of a vessel as a new approach to the issue of the use of renewable hy-
drothermal and waste energy aimed at reducing the consumption of primary fuels.
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HEAT PUMP AS A COMPONENT OF THE SHIP AIR CONDITIONING

A heat pump is a thermal machine forcing heat to flow from a lower tempera-
ture area to an area with a higher temperature. This process goes against the natural
direction of heat transfer and takes place thanks to external mechanical energy (in
compressor heat pumps) or thermal energy (in absorption pumps) [6]. The first
heat pumps were constructed over one hundred years ago and the first one in Europe
was established in Switzerland in 1938 and continues to this day [6]. Currently, the most
commonly used in the production process of heat pumps is the left-side steam circuit,
identical to the refrigerator circuit but carried out in a different temperature range.
The installation of a compressor heat pump, which is characterized by the highest
heating capacity among such devices available on the market, is created (fig. 1):

- lower heat source T¢;
- compressor heat pump (work supplied W);
- upper heat source Th.
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Fig. 1. General principle of operation of a heat pump installation [8]:
a) W — work supplied, Tc — temperature of the lower source, Th — temperature of the upper
source; Qc — low temperature energy, Qu — high temperature energy;
b) main scheme of the heat pump installation
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Together with the technical development and the necessity resulting from
the EU Communications and Directives [3], investing in renewable energy sources
has increased the interest in heat pumps. In addition, the possibility of using heat
pumps is influenced by their high reliability and durability as well as the ability to
control and automate air-conditioning systems. Currently used installations with
heat pumps usually serve simultaneously for heating and cooling purposes, whereby
the cooling can be implemented as passive without the use of a compressor (circu-
lation pumps use as the refrigerant the bottom source in the form of ‘ice’ water) or
active. The combination of both heating and cooling functions in one device also
has a positive effect on the possibility of reducing large amounts of installation
devices (compressors, pumps, exchangers, electric motors) and simplifying design
solutions when balancing heat losses. Due to the type of low and high temperature
heat carrier, the following heat pump systems are distinguished [6]: water - water
(W / W), water - air (W / A), air - water (A / W), air - air (A / A).

POTENTIAL WASTE WARM RECOVERY AREAS

A vessel is an area with a significant saturation of mechanical equipment
that generates, processes and uses electrical and mechanical energy. These processes
are always accompanied by the generation of heat that is collected by means of
cooling water or cooling air. The element that is indispensably connected with
the functioning of the crew is also the need to produce hot utility water needed for
living purposes as well as production and storage of sewage. Guided by the above,
potential ship installations have been established that can be used for heat recovery
processes using air-conditioning systems based on heat pumps:

- water installation for cooling main engines;

- water installation of cooling propulsion engines in a ship’s power plant;
- cooling water cooling installation;

- installation of marine engine room ventilation;

- installation of ventilation of ship rooms (e.g. naval kitchen, social rooms);
- sewage installation and tanks.

The water has a high specific heat of ¢, = 4190 ] / (kg - K) [5] and it is much
higher than the specific heat of air ¢, = 1000 ] / (kg - K) [5]. Among other things, for
this reason water seems to be a better factor to use in the recovery of waste heat. In
addition, when comparing the amount of heat discharged resulting from the mass
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stream and temperature, it seems that the best place for heat recovery on the ship
is the cooling system for the main engines and the ship’s power plant. Based on
estimated calculations resulting from the assumed flows (similar to the efficiency
of circulation pumps on the ship) and temperatures, it is possible to determine
the thermal power required to heat the ship’s premises, such as a rocket cutter. By
adopting the initial temperature of the cooling water, the engines at 20 °C and the wa-
ter mass flow at the level of three tons per hour can obtain thermal power during
the operations of the naval ship at the level of 42 kW [2]. Using a useful tool in the form
of an energy calculator, you can easily estimate the heating power of the assumed
flow and the temperature of the initial and final cooling water mass flow. Depending
on the load of the power plant or ship's power plant, cooling water parameters may
have different values than those assumed but their lower values in the scope of
changes have been assumed. It can be noticed that even at low values of assumed
temperatures and low flow, obtaining the required thermal power value is not dif-
ficult to achieve (fig. 2).
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Fig. 2. Estimated calculation of waste energy for assumed temperatures and flow
of engine cooling water for the vessel

ENERGY BALANCE OF COVERS BASED ON THE EXAMPLE OF THE MISSILE SHIP

The ship’s energy balance shows that the power of heating receivers installed
on a ship, such as a rocket cutter, is 132.5 kW [2].
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[t is the total heating power of electric heaters installed in the engine room,
ship’s rooms as well as water heaters, main engines, lubricating oil heaters and fresh
water heaters for household purposes (tab. 1). The total power of the ship’s heating
system also consists of electric drive motors for circulation pumps for the main
engines and lubricating oil heating systems not included in the list.

Tab. 1. List of heating devices from the energy balance of a missile ship [2]

Receive parameters installed
Receipt name Quantity receivers i power Total charged power
of the receiver
[pcs] o] [kw]
Space heating 1 43.1 43.1
Heating of the power plant 2 13.2 26.4
SG cooling water heater 3 15 45
Fresh water heater 3 3 9
Heaters of the SG oil 3 3 9
circulation tank
Sum = = 132.5

During operation in the sea, the ship uses only space heating receivers and
fresh water heaters that have been designed for the designed load factors at the level
of around 41 kW (tab. 2).

Tab. 2. List of heating devices from the energy balance of a missile ship during sea operations [2]

Receive parameters installed
Receipt name Quantity receivers The power Total charged power
o] of the receiver [KW]
(kW]
Space heating 0.8 43.1 34.4
Heating of the power _ 26.4 ~
plant i
SG cooling water heater - 45 -
Fresh water heater 0.7 9 6.3
Heaters of the SG oil
circulation tank ) ) )
Sum - - 40.7

When estimating the thermal power of the cooling waste water from the main
engines of the vessel, it is possible to determine the technical parameters of the com-
pressor heat pump installed on the ship could realize heat recovery and use them
for heating purposes while minimizing the load on the ship’s power plant.
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Using the software available on the market for the selection of installation
devices, such as the NIBE VPDim 2.4.4 program, you can determine the heat pump
of a given type for the estimated required level of heating power.

The technical parameters of the heat pump used in marine air conditioning
as a result of the selection allow to state that the heat pump F1330 [9] with a capacity
of 40 kW should cover the entire heat demand on the ship during sea operations. At
the same time, using waste heat coming from the cooling of main engines and power
plants it is able to perform the heating function with a high average coefficient of
heating efficiency COP [6] (Coefficient of Performance) at COP = 4.9. This coefficient
uniquely characterizes the possibilities of reducing the load on the ship’s power plant
during sea operations:

heating power of the heat pump

the electricity power consumed from the grid
< MIBE VPDIM 244 — [m] pe
File Settings About
Energy/Power
Before installation After installation Saving

Energy demand 112 364 kiwh Energy demand 23137 kwh  Energy saving 69 227 kivh
Power demand A28 ki Fecommended suppl 0.0 ki

NIBE F1330-40

Energy Output Miscellaneous

Energy deliverad by HP 112 359 kiwh HP output at DOT 420k Time HP in service 1858 h
Energy suppliedto HP 23137 kiwh H not produced by HP 0 lkwh
Supplamentary energy 0 kivh HP covers approx. to -18 °C

Degree of energy coverage 100 %2 Degree of power coverage 100 % Degree-hours BE 914 K*h
Annual heating factor HP 49

Collector
Groundwater

Water flow. operational 2.3 knfs
Annual water demand 155541 m3 x

0 M0 W0 4N M0 600 TN K Hars

] Hew» 4 ‘

Fig. 3. The choice of the heat pump to the required level of heating power demand
using waste water as the bottom source [9]

The air-conditioning system with a heat pump can also use the hydrothermal
energy of seawater as the bottom source. Sea water from the point of view of the ship
is common and relatively easy to obtain. It has a high specific heat and a freezing
point below zero. Its biggest drawback is its incoherent or the lowest temperature
occurs in the period of the highest demand for thermal energy. The vertical tem-
perature distribution for the Baltic Sea for the winter season is shown in fig. 4.
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Fig. 4. Seasonal variability of seawater temperature distribution [1]

For analogous assumptions, it is possible to determine the appropriateness
of using heat well with the lower source as sea water for waste heat. Due to the much
lower temperature parameters and the risk of freezing below 0 °C, in this case the nec-
essary flows of the outboard mass stream will be much higher. However, the energy
effect of such a solution in the case of success will be significantly greater. The total
installed power for generating thermal energy on the ship is 132 kW [2]. Taking
into account the coefficients of simultaneity and load designed in the energy balance,
they give the total required electrical power of 101.7 kW [2]. Comparing the heating
power needed to heat an average ship size of 101.7 kW to a medium sized residen-
tial building with an area of 150 m? (7-10) kW (depending on the energy class of
the building), we can easily see the disproportion in the necessary energy expenditure
as well as financial.

Assuming, as before, the minimum value of the water temperature in this
case, the outboard level of 4 °C and the required heating power of about 132 kW, it
is possible to determine the required stream of water weight around 30 t/h (fig. 5).

It is worth noting that the heating installation with the bottom source in
the form of sea water is able to perform heating functions on the ship with the con-
tinuously high average COP heating rate at the level of 4.0. Such a high COP results
from the fact that during the heating period, the lowest temperature of sea water at
the temperature level of about 3 °C is maintained to a maximum of one month
a year throughout the heating period and in our latitude is usually higher. In addi-
tion, standard heat pumps used in industry have the ability to combine in cascades
and the ability to modulate the switched heating power according to the demand
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resulting from the gradient of external temperature changes. The NIBE F1330 [9]
heat pump used in the simulation of use in a marine air conditioning system has
the ability to connect up to 9 units with a total capacity of 540 kW.

s
s

File Settings About

Energy/Power
Before i llati After installation Saving
Energy demand 342 431 Kwh Energy demand 86 341 kwh Energy saving 256 090 kwh
Power demand 1326 kK Fecommended suppl 0.0 ki

Several heat pumps

Energy Qutput Miscellaneous

Energy delivered by HP 342 426 Kiwh HP output at DOT 132.0kW  Time HP in service 2437 h
Energy suppliedto HP 86 341 kWh Hw not produced by HP 0 kiwh
Supplementary energy 0 Kiwh HP covers approx. to -18 °'C
Degree of energy coverage 100 % Degree of power coverage 100 % Degree-hours 86914 K*h

Annual heating factor HP 40

Collector o
Groundwater .
Water flow, operational 8.6 ka/s |
Annualwater demand  75229.2 m3 @
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Fig. 5. Selection of the heat pump to the required level of heating power demand
using the outboard water as the bottom source [9]

Considering the use of a heat pump compressor in the ship’s heating installa-
tion as a result of the estimated simulations, it can be concluded that there is a rea-
sonable possibility of reducing the power of the ship's power plant during sea
operations. Additionally, it is possible to reduce the required electric power sup-
plied from the shore station in the event of a ship stopping at the port.

In the case of waste water and activities at sea (1), in the case of a stoppage
in port and sea water (2):

. . . . required heating power in the sea
the required power of electricity in the sea = A f;} ; (1D
. . . required heating power in the port
required electricity from land = =2 ig port, (2)

The calculations presented in the study were made on the basis of commercial
software with many simplifying assumptions used to design heating installations
based on heat pumps in civil engineering. The calculations are estimates and can only
serve the new possibilities and directions of development of ship heating installations.
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CONCLUSIONS

Climate changes related to greenhouse gas emissions as well as the dynamic
development of air-conditioning technology determines the necessity but also the pos-
sibility of searching for new solutions for ship conditioning systems. Space heating
and domestic hot water preparation using electricity is currently the most expen-
sive among the solutions available on the market, however, in the case of the most
widespread vessels. Extracting heat from low-temperature renewable sources is
technologically feasible and reasonable from the point of view of the ship’s opera-
tion. The amount of waste heat resulting from the ship’s operation is significant and
can be partially recovered using a heat pump. The use of a heat pump on MW RP
vessels can significantly reduce the power of a ship’s power plant during operations
at sea and significantly reduce the amount of electricity consumed during a stay in
a port.
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TECHNICZNE ASPEKTY ZASTOSOWANIA
POMPY CIEPEA NA OKRECIE

STRESZCZENIE

W artykule podjeto préobe analizy technicznych mozliwosci wykorzystania sprezarkowej pompy
ciepta do odzysku ciepta odpadowego pochodzacego z proceséw energetycznych realizowanych
przez jednostke ptywajaca. Oszacowano ilosci ciepta odpadowego mozliwego do wykorzystania
dla potrzeb grzewczych jednostki ptywajacej oraz oceniono potencjat hydrotermiczny wéd mor-
skich. Okreslono mozliwosci redukcji mocy elektrowni okretowej wykorzystywanej do zasilania
instalacji grzewczej okretu.

Stowa kluczowe:

pompa ciepta, ciepto odpadowe, ciepto hydrotermiczne, okretowa instalacja grzewcza.
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