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Central Heating System Design

1 Sammendrag

Sentralvarmesystemet ombord et servicefartgy er et system som henter overskuddsvarme
fra motorene samt produserer varme i en oljefyrt kjel og leverer den til ulike forbrukere. I
denne oppgaven utforskes potensialet for a energioptimalisere et slikt system ved a bytte
fra konstant volumstrgm til et som kan styres dynamisk etter behovet til forbrukerne.
I oppgaven er det lagt stor vekt pa numeriske beregninger for effekten av volumstrgm,

pumpetrykk og frekvensstyring.

Ved a bytte til et dynamisk system er det mulig a spare energi i pumpesystemet, som
vil fgre til lavere drivstofforbruk og lavere miljogassutslipp. To forskjellige lgsninger har
blitt sammenlignet og vurdert. Den fgrste lgsningen var a justere volumstrgmmen til
hver forbruker ved hjelp av dynamiske ventiler, samt a frekvensstyre pumpen slik at
pumpekurven treffer systemkurven i det optimale driftspunktet. Den andre lgsningen
var kun justering av volumstrgmmen til hver forbruker uten frekvensstyring av pumpen.
Som forventet var det den forste lgsningen som hadde de stgrste besparelsene basert pa

utregningene i denne oppgaven.

Til tross for effekten av frekvensstyring var det lgsningen med a justere volumstrgmmen
som ble arbeidet videre med, da denne lgsningen ogsa har store besparelser. Dette er et
enklere system med fa forandringer sammenlignet med det originale systemet. Det ble
konkludert med at ved a bytte til systemet ved justering av volumstrgm potensielt kan
spare 70 % av energiforbruket til hovedpumpen som tilsvarer rundt 100 000 kr per ar i
drivstoffkostnader. Denne investeringen har en beregnet avkastning pa investering pa 2,1

ar.

Besvarelsen bestar av en hovedrapport der teori, metode, resultater og konklusjoner er
presentert. Samt ngdvendige systemdokumenter som P&ID, abstract of function, system-
beskrivelse, armaturliste og brukermanual som er produsert av gruppen. Beregningene

gjort i denne oppgaven er ogsa vedlagt.
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2 Abstract

The central heating system on board a service operative vessel is a system that extracts
excess heat from the engines and produces heat in an oil fired boiler and delivers it to
various consumers. This project explores the potential for energy optimization of such
a system by switching from constant flow, to a flow that can be dynamically controlled
according to the needs of the consumers. The project has great emphasis on numerical

calculations for the effects of flow restriction, pump pressure and frequency control.

By switching to a dynamic system, it is possible to save energy in the pumping system,
which will lead to lower fuel consumption and lower environmental gas emissions. Two
different solutions have been compared and evaluated. The first solution was to adjust
the flow to each consumer using dynamic valves, as well as frequency control on the pump
so that the pump curve hits the system curve at the optimal operating point. The second
solution was only adjusting the flow to each consumer without frequency control of the
pump. As expected, it turned out that the first solution had the largest savings based on

the calculations in this project.

Despite the effect of frequency control, solution one was developed further, as this solution
also has significant savings. This is a simpler solution with few changes compared to
the original system, thus bringing the development costs down. It was concluded that
switching to this system by adjusting the flow has the potential to save ~70 % of the
energy consumption of the main pump, which corresponds to ~ 100 000 NOK per year

in fuel costs. This investment has a calculated return on investment of 2.1 years.

This submission consists of a main report where theory, methodology, results and con-
clusions are presented. Necessary system documents such as P&ID, abstract of function,
system description, valve list and user manual created by the group are included. The

calculations preformed in this project are also attached.
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3 Project Description

MASA2900 BACHELOROPPGAVE ®@NTNU

Institutt for havromsoperasjoner og byggteknikk Alesund

Hovedprosjekt
for
Sindre Kildal Haakenstad og Victoria Omholt

Produkt- og systemdesign

Varsemester 2023

Tittel:

Central Heating System Design

Varmegjenvinning og reduksjon av stremforbruk ombord er avgjgrende for & designe Zero Emission skip.

Central Heating System er et varmedistribusjonssystem som henter overskuddsvarme fra varmekilder som HT
kjglesystem og som distribuerer varmen til ferskvannsproduksjon, tank heating, til air handling uniter til oppvarming av
innredning/accommodation ombord. Systemet er i mange fartgy det viktigste varmegjenvinningssystemet og dermed
avgjegrende a designe best mulig tilpasset hvert enkelt fartgy. Systemet kjares ofte som et constant flow system der
sirkulasjonspumpen(e) kjarer kontinuerlig. Systemet kan designes som et dynamisk system for & optimalisere/redusere
strgmforbruket til systemet. Lite er gjort for & synliggjere faktisk sparepotensiale ved & endre systemet til dynamisk
system.

Kandidatene skal i denne oppgaven:

1. Sette seg godt inn i funksjonene til ett av VARDs SOV vessel central heating system design, og kartlegge
forskjellene, fordelene og ulempene ved konstant vs. dynamisk flow system.

2. Basert pa det valgte fartgyet foresla hvordan systemet kan designes for & veere mest mulig energi- og
kostnadseffektivt. A tallfeste sparepotensialet (energi, CO2 og Nox utslipp) er ogsa viktig.

3. Utvikle et konsept (f.eks. regneark eller andre verktgy) for valg av konstant eller dynamisk flow system, som
kan brukes som utgangspunkt for diskusjon med rederier om design-prinsipp.

4. Iden grad det er tid til det, studere og analysere konsekvensene av a bytte fra tradisjonelt drivstoff til
alternative drivstoff som metanol og hydrogen.

Veileder ved NTNU i Alesund er Lars P. Bryne, og kontaktpersoner/ faglig veiledere ved Vard AS er Terje Ottersen
og Runar Fiske.

Besvarelsen redigeres som en teknisk rapport, med et sammendrag bade pa norsk og engelsk, konklusjon,
litteraturliste, innholdsfortegnelse etc. Ved utarbeidelsen av teksten skal kandidaten legge vekt pa a gjere teksten
oversiktlig og velskrevet. Med henblikk pa lesning av besvarelsen er det viktig at de nedvendige henvisninger for
korresponderende steder i tekst, tabeller og figurer anfaeres pa begge steder. Ved bedemmelsen legges det stor
vekt pa at resultatene er grundig bearbeidet, at de oppstilles tabellarisk og/eller grafisk pa en oversiktlig mate og
diskuteres utferlig.
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5 Table of Symbols

Symbol | Description Units

Cfi—g Rate of change in internal energy W

k Combined heat loss coefficient W/m? - K
Ao Outside area of the pipe m?

T Temperature Celsius

r Radius m

d Diameter m

h Convection coefficient of fluid/gas W/m? - k

A Conduction coefficient of material W/m -k

Q Volume flow m3/h

k., Flow coefficient m3/h

kys Flow coefficient with a valve at a given position m3/h

SG Specific gravity 1

P Pressure bar = 10° Pa
H Pressure (Head of water column) m = 0.098bar
q Heat W

p Density kg/m?

W Dynamic viscosity Pa-s

f Frequency Hz

C Change in frequency 1

n Efficiency 1

H(Q) Head as a function of the flow m = 0.098bar
H(Q,C) | Head as a function of the flow and change in frequency | m = 0.098bar
n(Q) Efficiency as a function of the flow 1

% Volume m3

m Mass kg
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6 Introduction

In the past few years, there has been a drastic shift towards moving to greener energy
solutions and energy optimization, this is now also affecting the maritime industry. In this
project, the possibility of energy optimizing a central heating system onboard a service
operative vessel will therefore be explored. The specific vessel and associated shipping
company cannot be revealed because of competitive advantages, however, the vessel is
used for maintenance on offshore wind farms. By optimizing the central heating system,
it is not only possible to lower the carbon footprint of the vessel, but this could also have
a large economic advantage as a result of lower fuel consumption. These advantages will
probably also be more evident in the future with stronger regulations in greenhouse gas

emissions and higher fuel prices.

The system that is in use today mainly uses excess heat from the engines to provide
heat to various consumers on the vessel. This is excess heat that would otherwise be
wasted to the environment. The main issue in the pumping system, as of now, is the
central heating pumps. The pumps are set to have a constant flow to deliver heat to
each consumer. To control the distributed heat, there are mainly two solutions in place.
Bypassing the consumer with a temperature-controlled three-way valves, or closing the
flow to a consumer with a manual valve. This is wasteful since the pumps would have to
deliver an unnecessary amount of flow even when the demand for heat is low, which leads
to increased power consumption, higher fuel consumption, and greenhouse gas emissions.
There is a possibility to optimize the system by designing a system that uses dynamic

flow to deliver what’s necessary to each consumer.

This project is a collaboration with Vard Design & Engineering. Vard is a ship-building
company with headquarters located in Alesund along with shipyards in Sunnmere and
several other places in the world. Vard provides engineering and high-end design services

to the global maritime industry.

10
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7 Understanding the System

This central heating system is on board a Service Operative Vessel, also known as a SOV.
It is a heat-exchanging system that uses excess heat from the four engines and an external
oil-fired hot water boiler to deliver heat to seven different consumers in the system. As
of now, the system is utilizing a constant flow system to deliver heat around the piping
system, which is optimized for a steady-state condition, where all the consumers are in
use. This configuration is not ideal during most working conditions, which can lead to
increased pressure, flow and power consumption from the pumps if not adjusted. This
can be prevented by frequency control of the pump to decrease the flow, however the flow
in the system would also have to be controlled by throttling to ensure the flow to each

consumer as desired.

=0

Ao

8|

H

ENGINE _ROOM#E
FR.55-72

il

EQUIPMENT ROOM 2|
TANK TOP 1000 A8, BL 5
R85y B

o i

Figure 7.1: P&ID of the central heating system
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7.1 Sections and Branching

To have a better overview and control of the central heating system, it was decided to
divide the system into a main piping system with branches and then divide them further
into sections. The pipeline from the main pump through air handling unit one, the heat
recovery system and the oil-fired boiler was chosen as the main pipeline. This is because
the majority of the flow delivered from the central heating pump takes this path. The
division of the sections is done between pipes with different flows, pipe diameters, or
wherever it is natural to divide the sections. The details of the section and branching

system are illustrated in figure (7.1}

7.2 Heat Recovery Units

The heat recovery system extracts excess heat from the jacket water of the engines by
going through a closed heat recovery unit. The heat recovery units from the four engines
are connected in series. Two of them are designed to receive a maximum of 592 kW of
heat, while the other two will receive a maximum of 594 kW of heat, this is when the
engines are running at full capacity. This configuration has some limitations, firstly the
heat exchange is proportional to the difference in temperature between the jacket water
from the engines and the fluid in the heating system. Since the heat recovery system is
connected in series, the temperature of the central heating fluid will increase as it travels

through each heat recovery system, this makes each recovery system less effective.

The heat recovery system could theoretically be improved by connecting the units in
parallel, which will increase the temperature difference between the liquid from the central
heating system and the coolant from the engines. This configuration has a fatal flaw. If
any of the units are shut off, the unit would have to be bypassed, thus making the heat
recovery significantly less efficient. Vard is therefore now using the series configuration
as a standard. This is also partly because when the engines are running, there is usually
more than enough heat coming from the engines, to heat the fluid in the central heating

system.

12
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7.3 Pumping System

The central heating system has three pumps, where there are two main pumps and one
pump to deliver flow to the freshwater evaporator. These would have to maintain the
desired flow and pressure difference, in addition to overcoming the pressure drop from
friction, bends, contractions, enlargers, and valves. These pumps have frequency control,
but in this case, the frequency is set to the maximal operating point, meaning that the
frequency is adjusted so that the pump curve intersects the system curve when all the

consumers are in use.

The two main pumps are Grundfos CR32 centrifugal pumps as shown in figure and
are connected in parallel. Pumps connected in parallel is illustrated in figure During
normal conditions, only one of the main pumps is in use, and the second one is used as a
backup pump in case of failure. In these conditions, the active pump delivers a flow of 36.2
m?3/h with a differential pressure of around 3 bar, depending on the working conditions.
The pump that is in use is alternated between the two main pumps, in order to distribute

the wear between the pumps.

Figure 7.2: Grundfos C32 Centrifugal Pump

1]

13
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Figure 7.3: Main pumps connected in parallel on another SOV

This system has dedicated a pump to deliver water to the freshwater evaporator. It is
an Allweiler centrifugal pump and is set to deliver a flow of 66.2 m3/h. The reason this
branch has a separate pump is likely to minimize the working range of the main pump.

If this branch is closed, this would not significantly affect the central heating pump.

7.4 The Pipes

The central heating system contains both different sizes and sort of pipes. Most of the
pipes in this system are DN80. These are mainly steel pipes but with some Prestabo tubes,
which are pipes consisting of exterior galvanized steel, that makes them more suitable for

exposure to high temperatures.

7.4.1 Heat Loss in the Piping System

To determine the heat required from the heat recovery system and the oil-fired boiler,
the heat loss in the pipes has to be calculated. This was done by considering the heat
transfer for each section with the following formula and 2.

dU
QIoss:E:Zk’AO'(E_TO) (71)

14
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Where k can be found with the formula for the overall heat transfer coefficient for round
pipes with insulation. The thickness of the steel pipes, and of the insulation, are stan-
dardized by Vard and can be found in their Pipe Insulation Standard [3]. The values for

calculation is illustrated in figure [7.4]

Figure 7.4: Illustration of the constants for calculating the heat-loss in a pipe .

By assigning a value of k- A, to each section, it would be possible to calculate the heat loss
to the cold and hot fluid sides. This was done with a simplification that the temperature
of the fluid is constant for the hot and cold sides, even if the fluid is losing thermal energy
along the path. This is a good enough assumption since this value would have such a large
uncertainty, and calculating an accurate heat loss value would be too comprehensive for
this project. The heat loss was therefore calculated with a constant fluid temperature of
60 °C and 80 °C for the cold and hot sides respectively and a constant outside temperature

of 15 °C'. That yields the following formula for the heat loss in the pipes.

dU
Qloss = % = AT'hot Z k- AO + AT’cold Z k- AO (73)

hot cold

These values were calculated using the Excel sheet shown in attachment[A.6] A summary
of the heat-loss in each branch can be found in table [7.1 This gave a total heat loss in

the pipes of 4.96 kW at the given conditions.

15
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Ao -k[w/k] | Outside temperature [°C] | Delta T [K| | Heat loss [W]
Main pipeline

15.53 15 45 699
Cold side

23.78 15 65 1546
Hot side
Branch 1

1.55 15 45 70
Cold side

4.88 15 65 317
Hot side
Branch 2

1.56 15 45 70
Cold side

1.56 15 65 101
Hot side
Branch 3

1.34 15 45 60
Cold side

1.34 15 65 87
Hot side
Branch 4

10.71 15 45 482
Cold side

9.28 15 65 603
Hot side
AHU 2

3.90 15 45 176
Cold side

3.90 15 65 254
Hot side
AHU 3

4.47 15 45 201
Cold side

4.47 15 65 290
Hot side

Table 7.1: Heat loss in branches and sections

16
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7.5 Central Heating Fluid

The fluid in the Central Heating System is a mixture of water and 6% cooltreat AL,
which is an organic corrosion inhibitor. This prevents corrosion in the pipes. The reason
this fluid is used instead of other liquids with better thermodynamic properties is likely

because of the non-toxicity of this water mixture and also the cost efficiency.

In terms of mechanical properties, they were considered the same as freshwater. Since the
concentration of Cooltreat AL is so low, it would not affect the properties significantly.
The parameters for this fluid are therefore chosen as follows: density p = 998.2kg/m3,
dynamic viscosity p = 1.0016 - 1073 - Pa - s, and specific gravity (SG) = 1.

7.6 The Consumers

This central heating system has seven consumers. These are essentially where the system
delivers its heat. All the consumers are connected in parallel, which is optimal for the
same reason as with the heat recovery system. By connecting them in parallel, the system
will be able to deliver the most heat, because of the temperature difference between the

fluid and the environment.

7.6.1 Accommodation - AHU1

The majority of the flow from the main pumping system is used for accommodation. This
is hereby referred to as Air Handling Unit One (AHU1). AHU1 is set to receive 21.5 m?/h
of flow and 489,5 kW of heat during maximum working conditions. AHU1 is set to deliver
heat at full capacity when the outside temperature is at -20°C, and it is set to shut off at
temperatures above 12 °C. This is the main air handling unit, and it delivers heat to the
majority of the environment onboard. This unit is located at the D-Deck, which means
that it is located with an elevation of 15.4 m above the main pumps. This is the consumer
with the highest elevation, meaning that the differential pressure over this consumer will

probably be low.

17
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7.6.2 Wheelhouse - AHU2

The wheelhouse Air Handling Unit, hereby referred to as AHU2 is connected in parallel
as a branch in the main piping system. It is set to receive a flow of 1.94 m?3/h and deliver
44 kW of heat during maximum working conditions. AHU2 works at maximum capacity
when the outside temperature is at -20 °C, and it shuts off at 20 °C. AHU2 delivers heat
to the wheelhouse. This AHU is separate from the rest of the system, likely because this
makes it possible to control the air conditioning in the wheelhouse separate from the rest
of the system, as well as defogging on the windshields. During extreme conditions, it
would also be possible to run the air conditioning in the wheelhouse, without the rest of
the system. This AHU is also located on the D-deck, which means that it has an elevation
of 15.4 m similar to AHUL.

7.6.3 Galley - AHU3

The Galley Air Handling Unit, hereby referred to as AHU3, is also connected in parallel
to the main piping system, similar to AHU2. It is set to receive a flow of 3.96 m3/h,
and deliver a heat of 90 kW at the maximum working point. AHU3 runs at full capacity
when the outside temperature is at 20 °C and shuts off when the outside temperature is
12 °C. The purpose of AHUS3 is to deliver heat to the galley, and it works with the same

temperature conditions as the AHUT.

7.6.4 Bilge Water Separator

Bilge Water Separator, hereby referred to as BWS, is connected as a branch to the main
pipe system. It is set to receive a flow of 5.5 m3/h. A BWS separates oil and water
mixtures. Alfalaval is the supplier of this BWS and the model is called PureBilge. This is
a fully automated centrifugal oily water separation system that cleans oily water onboard
vessels at sea [5]. It makes oily water safe for discharge overboard by effectively removing
marine oil pollution. In order to meet international regulations for release into the sea, it
is important that bilge water is treated to reduce oil content levels [PureBilage|. This

BWS is approved by International Maritime Organization (IMO).

18
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Bilge water contains
a mixture of water
and fluids from
various sources on
board. It is treated to
reduce oil-in-water
content to at least

15 ppm. Clean water
is then discharged
overboard.

Cleaning and Water from purifier
maintenance sludge tanks

Water from waste
oil tank

Drains
and leaks

Tank Condensate
"~ overflows from air coolers

= Incident
neidents Clean water

overboard

Bilge water tanks Bilge water

treatment

Bilge well Bilge well

Figure 7.5: Illustration of Bilge Water Separator z@

7.6.5 Urea Tank

Urea is a usual chemical commodity used in different products. In this case, urea is used
to reduce Nitrogen Oxides (NOx) emissions from vessels. Normally, NOx reduction urea
is delivered as a pre-mixed solution with 60 % deionized water and 40 % of urea. The

urea tank is regulated by a self-acting temperature control valve.

7.6.6 Bilge Settling Tank

A deep tank in the engine room is used to pre-clean fuel oils by gravity. A liquid mixture
in the settling tank clears slowly as a heavier liquid and solids sink to the bottom under

the influence of gravity.

7.6.7 Freshwater Evaporator

The freshwater evaporator is the most demanding consumer in the system. This com-
ponent is designed to have a flow of 66.3 m®/h from the central heating, and it requires
an external pump to deliver the required flow. During full operation the evaporator has
a capacity of producing 25.1 m? of fresh water per day The evaporator is an Aqua Blue
C100-HWS86-108 freshwater generator from Alfalava. The freshwater generator works by
lowering the pressure of seawater while being heated by the central heating system. The

seawater then undergoes partial evaporation, which will generate a mixture of vapor and
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brine. This mixture is then separated, which will generate a vapor from freshwater. This
vapor is then cooled, which condenses the vapor. The fresh water is then mineralized and

then transported to a fresh water tank, where it is now drinkable. [7].

Figure 7.6: Aqua Blue C100-HWS86-108 freshwater generator from AlfaLaval

The vessel has two methods for producing fresh water: a reverse osmosis system, and
evaporation using heat from the central heating system to evaporate fresh water. The
reverse osmosis system is not using heat from the central heating system, however, the
water that is generated is of lesser quality than water produced with evaporation. It is
therefore safe to assume that the water that is meant for human consumption is produced
in the evaporator, and the water used for technical purposes is produced using the reverse
osmosis method. By using experience values from Marinfloc on freshwater consumption

for service vessels, it is possible to estimate the runtime for the freshwater generator.

Specification Value
Capacity m?/day 25.1
Demand m?/person/day 0.195
Personel 89

Total demand per day m?/day | 17.355
Runtime % 69 %
Runtime h, min/day ~16h, 30min

Table 7.2: Values for freshwater generation for service vessels [§].
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Merchant vessel

Total BOD(5) = Total TSS
[mglperson/ [mgl

Volume

Waste stream [l/person/ VS

day] [mg/l] day] person/day]
Accommodation grey water 110 200 100 22000 11000
Laundry grey water 35 300 300 10500 10500
Galley grey water 35 2000 2500 70000 87500
Black Water (Vacuum) 15 3000 1500 45000 22500
[ um 195 : ; 147500 131500
lAverage per liter (mgl) - 5 - 756 674

Figure 7.7: Daily water production

7.7 Calculating Pressure Drop

In order to determine losses in the existing system, the pressure drops the pumps would
have to overcome has to be calculated. The pressure drops were mainly calculated using
SE' Pressure Drop software made by Rolls-Royce. However, some calculations had to be
done manually or were found in product specifications from the suppliers. The results of
the pressure calculations can be found in the pressure calculation attachment. The pump
would have to be dimensioned to overcome the path that offers the most severe pressure
drop, which in this case is the path through AHU1. This can be found in the calculation
summary in the attachment [A.7] The column comparison compares the results from the

pressure calculation to find the path that offers the largest pressure drop, as shown in

figure
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Branch |Cumulative Pressure drop (bar) Flow m3/h

Main Pipeline 2.88| 21.5]
Branch 1 0.13] 5.5
Branch 2 0.61) 1.8
Branch 3 0.29 1.5)
Branch 4 151 66.2]
Branch 5 0.94 1.94]
'Eran:h 6 0.60| 3.96

One or more of the Nodes has a more severe Pressure drop than the main

pipeline
Column Comparison

Branch 1

Inlet Column 6

Outlet Column 40

Pressure through main pipe (bar) 135

Pressure through branching pipe (bar) 0.13

Pressure through the main pipe has the most severe pressure drop.

[Branch 2

Inlet Column 6
Outlet Column 44
Pressure through main pipe (bar) 140
Pressure through branching pipe (bar) 061

Pressure through the main pipe has the most severe pressure drop

[Branch 3

Inlet Column 6
Outlet Column 46
Pressure through main pipe (bar) 141
Pressure through branching pipe (bar) 029

Pressure through the main pipe has the most severe pressure drop

Branch 4
Inlet Column 62

Outlet Column 48 Caution, outlet node is before inlet node
Pressure through main pipe (bar) 150
Pressure through branching pipe (bar) 151

Pressure through the branching pipe has the most severe pressure drop

[Branch s

Inlet Column 16
Outlet Column 30
Pressure through main pipe (bar) 113
Pressure through branching pipe (bar) 004

Pressure through the main pipe has the most severe pressure drop

[Branch 6

Inlet Column 14
Outlet Column 33
Pressure through main pipe (bar) 118
Pressure through branching pipe (bar) 0.60

Pressure through the main pipe has the most severe pressure drop

Figure 7.8: Pressure drop overview

7.7.1 Roughness, Bends, and Reducers

The SF Pressure Drop software was used to calculate the pressure drop caused by the

roughness of the pipes, the bends in the pipes, and changes in pipe diameter.

To determine the necessary parameters for SF Pressure Drop, the 3D-model of the pip-
ing system was analyzed in Navisworks Freedom 2023. The parameters that had to be
determined in the 3D-model were: the lengths of each piping section, the bending angle
in each bend and the angle of each contraction/enlargement. These were measured using
the measuring tool in Navisworks. This method of determining these parameters is not
entirely accurate, however, because of the significant uncertainty of such a calculation.
The result of the pressure calculation would have to be cross-checked with real data,

regardless of the accuracy of the calculations.

22



Central Heating System Design

The roughness of the pipes was chosen to be 0.2 mm, which is referred to as “Steel after
long operation cleaned” in SF Pressure Drop’s pipe library. The prestabo tubes have a
roughness of 0.15 mm, according to Viegea, the supplier. The bending radius of all bends
was set to be 1.5 times the internal diameter of the pipes (Tpending = 1.5 - dpipe), which is

specified in the P&ID.
A2

7.8 Valves

During normal working conditions, the system runs through several valves. These valves

also cause some pressure drop, even if they are fully open.

7.8.1 Butterfly Valve

The valves can be found in sections 7, 8, 9, 12, and 15, and branches 1, 2, 3, and 4 as well
as the AHU branches. The valves are manually operated butterfly valves from Brgdrene
Dahl. These valves have a relatively large pressure drop due to the closing mechanism
shown in figure [7.9] To calculate the pressure drop in these valves, the supplier was
contacted, and they were able to provide a table of K, values. The K, value is found

experimentally by testing which flow gives a pressure drop of one bar.

Figure 7.9: Lug butterfly valve H[

The K, values can be found in figure As shown, this value has units m?/h at 1 bar.
If we assume that the increase in pressure is proportional to the square of the fluid flow,
the pressure can be calculated by the formula SG was set to 1, which is the specific

gravity of water.
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GALA Regulating
Systems

Kv Values-Valve Sizing Coefficients (m?/h@121bar) DN50 to DN1500

Size mm 10° 20° 30° 40° 50° 60° 70° 80° 90° Full Open
50 0.1 4.3 10.3 20.6 38.6 54.8 77.1 107. 1 115.7
65 0.2 6.9 17.1 31.7 55.7 84.0 123.4 174.8 188.5
80 0.3 10.3 18.9 33.4 60. 0 99.4 156.8 235.6 258.8
100 0.4 14.6 30.8 66. 8 119.1 197. 1 311.9 467.9 514.1
125 0.7 24.9 52.3 114.0 203. 1 335.9 531.3 796.9 875.7
150 1.7 38.6 81.4 175.7 313.6 518.4 820.9 1231.4 1353.0
200 2.6 76.3 161. 1 349. 6 623. 0 1030.0 1630. 7 2445. 6 2687. 2
250 3.4 129.4 274.2 594.7 1060. 0 1754. 1 2776.3 4163. 7 4575.8
300 4.3 200.5 424.2 918.6 1637.5 2709. 5 4288. 8 6432. 7 7069. 4
350 5.1 289.6 612.7 1327.3 2365. 9 3914.3 6195. 4 9292. 2 10211. 7
400 6.9 397.6 842.3 1825.2 3253. 6 5383.0 8519.3 12778.9 14042. 8
450 9.4 527.0 1115.7 2418.2 4308. 5 7129.4 11283. 6 16925. 4 18599. 0
500 12.0 677.8 1434. 4 3108.8 5539. 8 9167. 1 14508. 1 21761.8 23914.3

600 18.9 1047. 1 2216.8 4802. 9 8559. 6 14162. 8 22413.9 33621. 3 36946. 0
700 30.8 1553. 6 3118.3 5686. 4 8569. 0 12809. 8 19510. 7 29904. 0 42416.5
800 38.6 2045. 4 4105. 4 7485. 9 11814.9 17663. 2 26902. 3 41231. 4 58483. 3
900 51.4 2588. 7 5195.4 9473.0 14952. 0 22353.0 34045. 4 52180.8 74014. 6
1000 72.0 3584. 4 7193. 17 13116.5 20701.8 30990. 6 47201. 4 72343. 6 102613. 5
1050 299.9 3509. 0 7746. 4 14659. 8 23264. 8 37395. 0 60411. 3 91593. 8 100685. 5
1200 389.9 4597.3 10145. 7 19194. 5 26221. 1 43873. 2 79091. 7 119965. 7 131962. 3
1500 681.8 8076.9 17577. 4 33851. 1 45187.3 78391. 5 136920. 4 206191. 1 228872. 1

Kv=(1/1. 167) *Cv

Figure 7.10: k, values of butterfly valves provided by Brgdrene Dahl

7.8.2 Check Valve

In this system, there is one check valve, also called a non-return closable valve. The valve
is placed after the freshwater circulation pump. A check valve lets the flow go one way,

but if the flow reverses, the valve will close to protect the freshwater circulation pump.

Figure 7.11: Non-return closable valve

[10]
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7.8.3 Dynamic Regulating Valve

This system also has a number of dynamic valves. These valves are type Frese Sigma
Compact and can be found in every branch of the system. These valves have a piston
that automatically adjusts so that the flow is constant, given by a pre-setting on the valve,
as long as the pressure difference is within the specified range. If the pressure difference is
not within the range, the valve will either be fully open or closed and cannot control the
flow, in this case, the valve will not serve its purpose. The system curve for a system using
these valves is shown illustratively in figure [7.12] This means that the central heating
pump would have to overcome the pressure drop from the lower value in the range. The
pumps should ideally deliver a pressure difference slightly above, but close to the lower
bound. This is because a greater pressure difference in the valve would result in throttling

of the system, and the pumps would have an unnecessarily high power consumption.

4 Ap, I

Pressure Dynamic
flow control

Max. | /
Aps

......... L~ Static
flow control

Dim.

\ Tow Q Flow

Figure 7.12: Illustration of a system curve using a dynamic requlating valve

25



Central Heating System Design

Figure 7.18: Frese Sigma Compact flanged dynamic valve & Frese Sigma Compact dynamic

valve with pre-set

7.8.4 Ball Valve

This central heating system is also using ball valves for pipes with a nominal diameter
of 30 mm or below. The inner workings of this mechanism are shown in figure and
it works by turning a hollow ball to limit the flow. During normal working conditions,
these valves are either fully open or fully closed. Because there is nothing restricting the
flow when the valve is fully open, and when the valve is closed there is no flow. There is

effectively no drop in pressure from these valves.

Figure 7.14: Ball valve mechanism
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7.8.5 Self-Acting Temperature Control Valve

This system includes two self-acting temperature control valves. The type is Danfoss
AVTB, and it is a direct-acting thermostatic temperature controller used to regulate the
water temperature in a variety of applications. The valve closes at a rising temperature.
These two valves are placed on the urea tank and bilge settling tank. By using these
kinds of valves it may reduce heat loss, which in turn may reduce fuel consumption and

C' O, emissions, considering the energy efficiency.

Figure 7.15: Self-acting control valve[1/)]

7.8.6 Three-Way Motor Operated Valve

The branches connecting the air handling units to the main system also have three-
way motor-operated valves. These valves are of the type Oventrop three-way regulating
valves. These valves have a sensor connected to their respective air handling unit, and
their purpose is to regulate the flow through the AHUs by bypassing the fluid in parallel
such that the flow through the heat exchanger is as desired. Their pressure drop can be
calculated by the k,s-value which is specified in figure These valves are essentially
what control the heating of the AHU’s since they are the only active components that
control the flow to these consumers. The pressure drop and flow from the central heating
pump would be determined by the intersection between the system curve and the pump
curve. This is what makes the exciting system so inefficient. Since the valve bypasses the
excess flow, the central heating pump would have to deliver more flow than necessary,

which also results in a higher pressure drop, which raises power consumption.
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Figure 7.16: Qventropp 3-way valve

Tekniske data

NRF Varenummer | DN kys-verdi Apmax Apmax
stengetrykk | kPa for stengetrykk | kPa for
2-veis og shuntventil fordelerventil

N/A 311130875 15 1,0 1210 600

N/A 311130865 15 1,6 1210 600

N/A 311130845 15 2,5 1210 600

N/A 311130866 20 4,0 920 450

N/A 311130846 20 6,3 920 450

N/A 311130847 25 10,0 500 250

N/A 311130848 32 16,0 350 170

N/A 311130849 40 25,0 150 70

N/A 311130850 50 35,0 70 30

N/A 311130851 65 63,0 560 280

N/A 311130852 80 100,0 360 180

N/A 311130853 100 160,0 220 1100

N/A 311130854 125 220,0 130 600

N/A 311130855 150 320,0 80 400

Figure 7.17: kys-values for Oventrop three-way valves

7.9 Heat Versus Flow Relation

The heat distributed to each unit is governed by the change in internal energy of the fluid,
this can be calculated using formula[7.5] If we assume the temperature difference through
the unit is a constant 20°C' the only variable would be the flow Q. The results from this
formula are similar to the specified value in the system drawing. This shows that the
delivered heat is proportional to the flow through a consumer, as long as the fluid reaches

the necessary temperature difference (7.6}

du

—=Cpp-Q-AT (7.5)

q:

qxQ (7.6)
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7.10 The Three Modes

In order to optimize the central heating system, it is important to find the optimal pump.
Based on three selected modes, harbor mode, transit mode and dynamic positioning mode,
it is possible to determine the amount of heat distributed to each unit and the required
flow. With these results, it is possible to find the amount of heat that is required, the flow
through the central heating pump and the pressure drop that the pump has to overcome.
The number of hours in each mode depends on where the vessel will be operating and the

weather conditions.

Harbor Mode

When the vessel is docked, the central heating system is in harbor mode.

Transit Mode

When the vessel is in transit from port to a mission, the central heating system is in

transit mode.

Dynamic Positioning Mode

When the vessel is on a maintenance mission, the offshore gangway is in operation, and
the central heating system is in dynamic positioning mode. In this mode, the vessel uses
side thrusters to stabilize with as little movement as possible, to ensure the safety of the

maintenance personnel.

7.10.1 Active Consumers

Because the bilge water separator requires momentum when in use, it is only used in
transit mode. As for the settling tank, this is only heated before the bilge water separator
and is also used in transit mode. However, these consumers are not frequently used. After
contacting the shipping company, it turned out that the BWS is in use for approximately
between two and three hours per month. The bilge settling tank is in use for approximately
48 hours per month. As for urea, heating is not in use. Since these consumers are
so infrequently in use, it does not make sense to optimize the system for their use. A

summary of active consumers in each mode can be found in table [7.4]

In all three modes, the AHUs are usually active. The capacity they are running on is
dependent on the weather conditions. The freshwater evaporator runs whenever there is a

demand for freshwater, and there is enough heat that can be extracted from the engines.
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7.10.2 Distribution Spent in Each Mode

To estimate the distribution between the time the vessel would be in each mode, data from

a similar vessel owned by the same shipping company was used. The shipping company

estimated that this vessel would go to shore approximately every 14 days and spend 15

% of its operating time at harbor. The vessel spends approximately between five and six

hours in transit each way to the wind field, making it 10-12 hours per 14 days. The rest

of the time would be spent in dynamic positioning mode. Details in the time distribution

spent in each mode can be found in the table [7.3]

Harbor Transit Dynamic  posi-
tioning
Distribution 15 % 3.5 % 81.5 %

Table 7.3: Hourly distribution in each mode

Active Consumers

Harbor

Transit

Dynamic Positioning

AHU1 Usually active Usually active Usually active
AHU?2 Usually active Usually active Usually active
AHU3 Usually active Usually active Usually active

Freshwater Evaporator

Not avtive

Usually active

Usually active

Bilage Water Separator

Usually not active

Usually not active

Usually not active

Bilage Setling Tank

Usually not active

Usually not active

Usually not active

Urea Tank

Usually not active

Usually not active

Usually not active

Table 7.4: The consumers and when they are active in each mode
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8 Optimization of the System

With a thorough understanding of how the existing central heating system works, it is
possible to discuss how the system can be designed to improve its efficiency. The following
section provides information on solutions to improve the system, as well as assumptions

that were made to compare the results of different solutions.

8.1 System and Pump Characteristics

Pump Curve

A pump curve is a graphic representation of the performance of a pump as shown in figure
B.1] It provides information on several elements of a pump’s performance and helps select
the most suitable one. The pump curve varies from pump to pump, and the variation

depends on factors like electrical power and the size and shape of the impeller.

System Curve

The system curve shows the pressure loss in the system as a function of the flow, and
it is known as the system curve. This curve is given by the system in which the pump
is to operate. It is a combination of static pressure head and dynamic pressure head.
The specific duty point is the cross between the system curve and the pump curve. It
is important to stay as close to the duty point as possible, because oversizing and under

sizing a pump may have performance consequences.
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NPSH-value without safety margins

Im]]
40

36-]

32

28

m 1/min

\ @129 [2]
3000 1/min

\2400 1/min

00 1/min

0
fw] Shaft power P2 / 129[2] (P2)
483

4 s I—
2 I
0
m1] NPSH-values 2 129 2]
4 -~
6 4 -
41
2 [19m
0
i e —
40
20
0 I

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 [m¥h]

Flow

Figure 8.1: Pump curve

QH Curve
The QH curve shows the head that a pump is able to perform at a given flow. The head

is measured in meters and one of the advantages is that the QH curve is unaffected by
the fluid’s density. Low flow results in a high head, and high flow results in a low head.
Flow is the rate at which water travels throughout a hydraulic system, while the head

denotes the heights at which the pump can elevate a water column.

Shaft Power P2

The shaft power P2 curve illustrates the relationship between the power consumption of
the shaft and the flow through the pump. The power consumption determines the size of
the electrical installations which must supply the pump with power. Power consumption

depends on the density of the fluid. The P2 curve increases as the flow increases.

NPSH Curve

Net Positive Suction Head or NPSH denotes the minimum absolute pressure that must

be present on the suction side of a pump to avoid cavitation. Cavitation is when small
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steam bubbles appear in the pump due to pressure being too low. This can cause damage
to the pump. To determine if a pump can operate safely in a system, the NPSH must be

known for the largest flow and the evaporation pressure at the given temperature.

The NPSH curve is mainly used when pumping water in a non-closed system. In a closed
system such as this, the drop in pressure from elevation will be canceled by the descent of
the water column. Since this is not a depressurized system, the NPSH value would never

be anywhere near the critical value. This would therefore not be considered.

Shaft Efficiency

Efficiency is the ratio between supplied hydraulic power and power consumed. The effi-
ciency depends on the pump’s duty point, underlining the importance of selecting a pump
that fits the flow requirement, to ensure that the pump is always working in the most
efficient flow range. The supplied power is always larger than the hydraulic power, due
to losses in motor and pump components. That is why the efficiency of a complete pump
unit is lower than the efficiency of just the pump. The system border for the shaft effi-
ciency is illustrated in figure [8.2] Since the provided efficiency curve is in terms of shaft
power, there had to be an assumption about the efficiency of the motor. The efficiency
was chosen to be constant at 0.9, this was estimated by comparing results from shaft
power and overall power, and it was relatively constant around 0.9. This efficiency is
perhaps a little higher than in reality, however, choosing a high efficiency for the motor

would be conservative because this would result in a lower potential for energy saving.

System Border

Pruer ) i Pecnsrical Phyero
Engine Pump Motor Shaft+lmpeller —

Nengine Neump stor Nshattstmpeler

Figure 8.2: Illustration of the system border for the shaft efficiency
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8.2 Finding a Suitable Pump

There is a lot to consider when choosing a pump. The system has major variations in
flow, ranging from 0.5 m3/h to 36 m®/h. The pump must be able to deliver a differen-
tial pressure of 3 bar. A few suggestions for a pump were presented after contact with
Allweiler, which is one of Vard’s pump suppliers. The first suggestion was two pumps
connected in parallel with two equal pumps, This would increase the flow range, but it
would not affect the differential pressure. For further information about these pumps, see
attachment [A.T6] The Allweiler pump did not comply with the requirements. Grundfos,
another pump supplier, was contacted to find a better solution. After receiving the data
sheet and suggestion for a pump, it turns out that the efficiency was too low when the
flow is 0.5 m3/h. They therefore suggested a system consisting of four pumps connected
in parallel, with one as a backup, see attahcment [A.15] With this setup, it is possible
to run one or two of the pumps when the demand is low, and run all three during full

operation. This ensures an acceptable efficiency at both high and low flows.

8.3 Effect of Frequency Control and Flow Restriction

In order to optimize the system, it is necessary to analyze the effect of frequency control of
the pump and restricting the flow in the system. Frequency control is done by changing
the frequency of the AC voltage that delivers power to the pump, which changes the
speed of the pump motor. The result of the frequency control is to move the pump
curve towards or away from the origin, which is illustrated in figure By changing
the frequency of the pump, it would be possible to move the pump curve such that it
would intersect the system curve at the optimal point. This could have the potential for a
large power saving in the central heating pump, mainly because of the strange property of
Frese dynamic valves. These valves throttle or bypass the system such that the flow in the
pipes remains constant as long as the pressure is within the working range of the valves.
This would mean that if not accounted for, the valves have to throttle the system to
maintain the desired flow, and the pump would have an unnecessary power consumption.
Flow restriction can be performed using actuator-controlled pressure-independent valves.

These valves throttle the system to ensure that the flow is as desired.
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System curve
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Figure 8.3: The effect of frequency control

To determine what the power-saving potential could be, it would be helpful to estimate
the pump curve as a function of the flow and the frequency. This would make it possible to
perform calculations with the mathematical function. This was done by using a numerical
curve fitting program to estimate a polynomial for the pump curves provided by Allweiler
and Grundfos. Firstly, the end points and a middle point at the curve of a constant
frequency were considered to estimate a function H(Q). The effects of frequency control
also had to be investigated. This was done with an assumption the flow Q and the head

H is proportional to a function of the change in frequency C.

H(Q,C) = H(@Q- f(C))-g(C) (8.1)

The range of the function is also a function of the change in frequency C.

Q € [0, h(C)] (8.2)
Where:
_ fnew
¢= fOriginal (83)

With these assumptions, it is possible to estimate these relationships by comparing them
to pump curves at different frequencies. That gave the following relationships, which were

used to estimate the curve at varying frequencies.

H(Q.C) = H(Qg) - C* (8.4)
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Where the range of the function is the original range @4, times C.

Q € [Oa Qmaz : C] (85)

The power consumption of the pump, at a certain point, is given by the following equation.

_pg-H-Q
1

P (8.6)

Meaning that the efficiency n has to be considered. This was done similarly to the pump
curve, by estimating a polynomial for the efficiency 7(Q). All the estimated polynomials
were second-degree polynomials, the estimation would be more accurate with a higher
degree polynomial, however, the estimation would only be as accurate as the accuracy
of the graph reading. Therefore, a second-degree polynomial is sufficient. With this
information, the polynomials were estimated as shown in table and [8.2]

NB32-125/01 NB32-125/01 NB32-160/02
Parallel

H(Q) 33.5 + 0.01675Q — | 33.5 + 0.118Q — |34 + 0.2474Q —
0.00317Q? 0.0174Q? 0.0115Q?

H(Q,C) (33.5+0.01675% — | (33.5 + 0.118% — | (34 + 0.2474% —
0.003178")C? 0.01742")C2 0.01152°)C2

n(Q) 0.0271Q — 0.0003Q? | 0.0535Q — 0.0012Q? | 0.0481Q — 0.0008Q>

Table 8.1: The polynomial used to estimate the pump and efficiency curves at varying flows and

frequencies

Grundfos Hydro Multi-E 4 Single | Grundfos Hydro Multi-E 4 Parallel
H(Q) 43.8 4+ 0.8Q — 0.1321Q? 44.59 + 0.1256Q — 0.0116Q>
H(Q,C) | (43.8+0.82 —0.13212%)C2 (44.59 +0.12562 — 0.01162°)C2
n(Q) 0.1361Q — 0.0072Q* 0.0376Q — 0.00054Q?

Table 8.2: The polynomial used to estimate the pump and efficiency curves at varying flows and

frequencies
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With the efficiency curve for the two pump setups in parallel, it is also possible to calculate
when it would be beneficial to run several pumps in parallel versus just running one pump.
Having several pumps in parallel would be beneficial when the efficiency curve is higher
than for just one pump. By solving for the flow, it would be beneficial to run two pumps
when the flow is above 29 m?/h for the NB 32 125/01. For the Grundfos Hydro Multi-E
4 it would be beneficial to run two pumps at flows above 14 m3/h and three pumps at

flow above 27 m3/h.

8.4 Assumptions About Operating Conditions

To estimate the potential to reduce power consumption, some assumptions about the
operating conditions had to be made. Since this is a project about one SOV in general and
not for a specific location, a detailed analysis of the weather conditions that the vessel will
operate in was considered too time-consuming for this project. The assumptions about
operating conditions were therefore based on data from one location where the vessel
could operate. The chosen location that was analyzed was Grimsby, England, where the
vessel could be used in the Hornsea 2 wind farm. Which is currently the largest offshore

wind farm in the world [15].

As a simplification, it was decided to divide the operating conditions into three segments:
cold weather, middle weather and warm weather. Weather data from Visual Crossing
was analyzed to estimate operating temperatures at Grimsby and at sea. For the cold
and warm conditions, the temperatures at the 25 % and 75 % quartiles were used. The
humidity was chosen to be constant at an average of 81 %. Although this estimate might
not give an accurate picture of the operating conditions, this would give a good enough
estimate as long as these assumptions are used in the calculations of the existing system as
well as a dynamic system. To estimate the distribution of cold, middle and warm days, it
was decided to consider all days with an average temperature below the midpoint between
middle and cold as cold days. Likewise, for the warm days, every day above the midpoint
between cold and warm days was considered warm days. With these assumptions, the

following conditions were considered. The details of the weather analyses can be found in

the attachments [A 13|
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Grimsby Cold conditions Middle conditions | Warm conditions
Temperature °C 6.4 10 14.4
Distribution 37% 24% 39%

throughout year

Figure 8.4:

Table 8.3: Temperatures at Grimsby

Distribution of temeperatures Grimsby

35 [

Temperature (°C)

Distribution of average daily temperatures at Grimsby [16]

At sea Cold conditions Middle conditions Warm conditions
Temperature °C 7.4 10.5 14
Distribution 37% 24% 39%

throughout year

Table 8.4: Temperatures at sea outside of Grimsby

Distribution of temperatures at sea

TEmperature (°C)

10

Figure 8.5: Distribution of average daily temperatures at sea outside of Grimsby [17]
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8.5 Heat Balance

With the assumptions about the weather conditions, it was possible to calculate the
heat balance for each mode and weather condition. This was done by considering the
range where the AHUs are active from subsection and assuming that there is a linear
relationship between the outside temperatures and the consumption of the AHUs in this
range. The consumption was then calculated as a percentage of the maximum capacity in
each condition. The consumptions for the rest of the consumers were based on conclusions

from subsection [7.10

8.6 Alternatives for a Dynamic Central Heating System

After having explored different solutions to designing a dynamic flow system, it was found
that there were two solutions that were promising. This was done by discussing different
possibilities with experienced engineers at Vard to determine what realistically could be

done to optimize the system.

8.6.1 Frequency Control and Flow Restriction

One of the solutions that were found is to use both frequency control of the central heating
pump and to restrict the flow to each consumer to what is desired. This would possibly
have the largest power-saving potential of the two solutions. As shown in formula[8.6] this
would save power by both lowering the flow delivered by the pump and the pressure drop
in the system. At low flows, this configuration would have very little power consumption.
The main challenge with this configuration would be to find a way to control the frequency

of the pump.

The pump would be at the optimal working point when the differential pressure over all
the valves is barely above the minimum working pressure. This will ensure the right flow
in all the consumers and that the pump is at the optimal working point. This is illustrated
in figure This could be done by having sensors over all the dynamic valves that could
adjust the frequency of the pump. These sensors would have to be fine-tuned to ensure
they are in sync with the independent valves, and the logic of the signal to the actuator,
the feedback from the sensors, and the frequency converter would have to be programmed

and tested. This could potentially be time-consuming and costly.
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This system would also have to account for the possibility of manually closing valves.
If there is a leakage somewhere in the pipe system, the differential pressure over the
pump would suddenly drop and branches would be closed off manually Until the pressure
stabilizes. If one or more of the branches with AHUs are closed off, this would result in no
flow through the branch and the differential pressure over the valve would be zero. The
pump would then increase the frequency to deliver the right flow to the consumers, which
would never happen because the branch is closed. If not accounted for, the frequency
would increase until either the surge protector kicks in or the motor burns out. In either

case, this is not ideal because this would halt the entire system.

8.6.2 Flow Restriction

The second solution that was found, was to only restrict the flow in the system using
actuator-controlled pressure-independent valves. This would also decrease the power con-
sumption for the pump, however, it would not benefit from the decrease in pressure that
frequency control would have. The pressure would likely be slightly higher than without
flow restriction because of the pump curve. Even if the power saving potential is lower,
this configuration has the benefit of being much simpler than with additional frequency
control. This would drive development costs down, as well as installation costs and main-
tenance costs. This system would only differ from the original system by replacing the
three-way Oventropp valves and the pressure-independent Frese valve with actuators.
This configuration would possibly need a bleed valve to bypass the throttling from the
valve, this is to ensure there is always some flow in the system. This is necessary to make
sure the pump does not overheat, since the pump is designed to self-cool from the fluid

in the system.

Both options would have to be considered when designing the system. The development
cost, installation cost and maintenance cost would have to be estimated and compared
to the potential for power saving to make a decision on which configuration would be
most beneficial for this vessel. Making detailed estimations for these costs would be too
comprehensive for this project, however, it is possible to make an educated decision on

which configuration to proceed with.
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8.7 Calculating the Potential for Energy Saving

In order to compare the two solutions, it is necessary to estimate what the potential for
fuel-saving would be in each configuration. This was done using the data gathered above
about the three modes that would be considered, the working conditions and information
about the AHUs, as shown in figure[8.6] As well as the different pump solutions that were
provided by Allweiler and Grundfos. Firstly, it was necessary to develop a mathematical
model of the pressure drop in the system. This was done with the assumption that the
pressure drop in each pipe section is proportional to the square of the flow. This implies
that the pressure drop would obey formula [7.4] Using the calculations of pressure drop,
from section and the nominal flow used in the calculations, it was possible to assign
each section of the main pipeline with a respective k, value such that the pressure drop

could be calculated with varying flows.

By entering the capacity of each consumer in the system, the sheet automatically calcu-
lates the flow in each section, and then the pressure drop using the assigned K, value.
That would yield the pressure drop the central heating pump would have to overcome
in each configuration and the flow, this is the working point of the pump which can be

drawn on the pump curve chart.

Central heating Balance Cold weather

Figure 8.6: Heat calculation during cold conditions

To compare the results with different pump solutions as well as the two different solutions
for a dynamic system, this data was used in combination with the polynomials for effi-
ciency and pump curves found in section [8.3] This makes it efficient to compare different
solutions in various modes. In the results of these calculations, it was found that the flow
is significantly lower than what the system is dimensioned for. Meaning that there is a
large potential for power saving from the pump, which leads to fuel savings and lower

operating costs.
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The difference between the two solutions described in section [B.6] would be that with
frequency control it is possible to lower the pressure drop as well as the flow. With
just flow restriction it would only be possible to lower the flow, and the pressure drop
would be the point on the pump curve at that flow. This is illustrated in figure |8.3] The
calculations were done in three versions of the sheet: cold conditions, middle conditions
and warm conditions. Where each sheet has three modes: harbor, dynamic positioning
and transit. The reason this calculation was done using three different sheets is to keep
it simple enough for other users to utilize. There has to be a balance between creating an
efficient sheet that could do calculations quickly and still making it general enough, such
that it can be used in different projects. It was therefore decided that it would be most

user-friendly to do the calculation in three different versions of the document.

Pump curve Grundfos HYDRO MULTI-E 4

Q) =d+e-Q+f-Q*

Figure 8.7: Heat calculation during cold conditions.

As shown in figure [8.7] the sheet takes in information about the pump and efficiency curve.
The button labeled “Fit curve to working points” runs a macro with the goal seek function
in Excel that fits the curve to the working points using frequency control. The button
labeled “Reset frequency controlling” re-sets the frequency to the original frequency that

is specified. This makes it simple to compare results from the two configurations.
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To find the potential for fuel savings, the calculations from the dynamic systems would
have to be compared to calculations from the original constant flow system. The calcu-
lations from the original system would be done similarly to a dynamic system, the only
difference being that the flow would not be restricted by dynamic valves, the flow would
be bypassed by the three-way valves, meaning that the flow through the central heating
pump would be relatively constant at the value specified in the system documentation.
As mentioned in section the original pump frequency would be adjusted so that it
can deliver flow at the maximum working point. This was found by setting all consumers
to full capacity and fitting the pump curve to the working point. It was found that the
original pump frequency would be adjusted to around 3513 rpm. This could also be done
to a dynamic system using just active flow restriction, however, to include some safety in

the calculations this was only done in the calculations for the constant flow system.

Pump curve

Pumpe curves Static System

HQ) —a+b-Q+c-Q

D
o x

] Frtaunesto
5|  working points

74
B

‘ Efficiency polynomial J

nQ)=d+e-Q+ f-Q*

Figure 8.8: Pump calculations in the original constant flow system

Shown below are the calculations from the three weather conditions and three modes.
The calculations compare the power consumption of a system that uses flow restriction

with a constant pump frequency and a constant flow system that is used today.
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8.7.1 Power Consummations Using Flow Restriction

Summary of the pump calculations cold weather

Dynamic system

NB 32 125/01 Parallel NB 32 125/01 NB 32-160/02 Grundfos HYDRO MULTI-E 4

Flow [(m3/h] Flow [m3/hl 512 Flow [m3/h] 512 Flow [m3/hl 512
[Fead required fm] [Head required [l o [ ired (] o [ead required I

[Frequenzy [1/min] [Frequenzy [1/min] 3420] [Frequenzy [1/min] 2640| [Frequenzy [1/min]

Change of frequenzy C Change of frequenay C 100% |change of frequenzy C 100%| Change of freauenzy C

Efficiency %] Efficiency [%] 2% Efficiency %] 225 Efficiency %]

[Power consumption [Kwl [Power consumption [Kwl 215 Power consumption [Kwl 242 Power consumption [Kwl

Flow (m3/h] Flow (m3/h] Flow (m3/h] .44 Flow (m3/h]

Head required ] i) e 7| e

Frequenzy (1/min] Frequenzy (1/min] Frequenzy (1/min] 2640 Frequenzy (1/min]

Change of frequenzy C (Change of frequenzy C [change of frequenzy C 100%| Change of frequenzy C

Efficiency (%] Efficiency (%] Effciency (%] 20%) Effciency (%]

[Power consumption (Kl [Power consumption (K] Power consumption (Kl 2 33 [Power consumption (K]

Flow [m3/h] Fluw im3/hl .44 Flow [m3/hl 4. 44 Flow [m3/h]
[Head required [m] [Head required [m] [Head required [m] [Head required [m]
[Frequenzy [1/min] [Frequenzy [1/min] [Frequenzy [1/min] zsaa [Frequenzy [1/min]

Change of frequenzy C Change of frequenzy C [change of requenzy C 100%| Change of frequenzy C

Efficiency (%] Efficiency [%] Efficiency (%) 20%| Efficiency (%)

Power consumption Kl [Power consumption Kl Power consumption [Kwl 233 [Power consumption [Kwl

Static system Pump power consumption saving

[Power consumption with static

Flow [m3/h] 27| system [Kw] 4.40)
Power consumption with

Head [m] 15| i 1.35)

Frequenzy (1/min] 3513| Powier saving{Kw] 3.0

change of frequenzy € 98%| Power potential [%] 69%)
[Power consumption scaling

Efficiency (%] 68%| factor (1] 031

Power consumption [kw] 4.40)

Power consumption with static
0 o system [Kw] 4.40)
Power consumption with

&

Flow (m3/h) 274 Power saving|Ku] 310)

Head [m] 27| %] 70%]
Power consumption scaling

Frequenzy (1/min] 3513 factor (1] 030)

Change of frequenzy € 98%|
Power consumption with static

Effciency (%] 68%| system (k] 4.40)
Power consumption with

Power consumption k] 4.40) i 130

3 3 Power saving|Ku] 3.10)

_ Power saving potential (%] 0%
[Power consumption scaling

Flow (m3/h] 274 factor (1) 030

ead (m] 27]

Frequenzy [1/min] 3513

Change of frequenzy € 98%|

Efficiency (%] 68%)

Power consumption [kl 4.40)

Figure 8.9: Summary of power consumption during cold conditions using flow restriction
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Summary of the pump calculations middle weather
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Figure 8.10: Summary of power consumption during average weather conditions using flow re-

striction

45



Central Heating System Design
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Figure 8.11: Summary of power
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8.7.2 Power Consumption Using Flow Restriction and Frequency Control

Summary of the pump calculations cold weather
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Figure 8.12: Summary of power consumption during cold conditions using both flow restriction

and frequency control
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Summary of the pump calculations middle weather
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Figure 8.13: Summary of power consumption during average weather conditions using both flow

restriction and frequency control
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Figure 8.14: Summary of power consumption during warm conditions using both flow restriction

and frequency control

As shown in the tables above, there is a large potential for power saving in the central

heating pump. As expected, the largest potential is with both flow restriction and fre-

quency control, although the difference in power savings between the two solutions was

surprisingly small. The two solutions have the potential to save ~ 70-80 % and ~ 90

% of the power consumed by the central heating pump respectively, where the largest

potential is during warm conditions. This is because with a constant flow system, the

power consumption is relatively constant, even if the demand for heat is low. This implies

that if a vessel operates in warmer conditions than were assumed, then the potential for

power saving would be even greater.
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The pumps that were compared had some limitations in flow and frequency range that
had to be accounted for. Because of the large variations of flow and pressure drop, it was
hard to find a pump configuration that would be able to work well at low capacity, while
still being cost-efficient. This is therefore a necessary compromise to keep the costs low,

however as the calculations show there is still a large potential to save power.

8.7.3 Electrical Load Calculations

This vessel has four engines, with a marine diesel generator. Two of the engines are
Caterpillar 3512C as shown in figure [8.15] with electric output of 1700 ekW. The other
two engines are the Caterpillar C32 as shown in figure [8.16] with an electric output of 940
ekW. In harbour mode there is only one engine in use with 940 ekW in and the power
load is 81 %. DP mode uses all four engines, each of which has a power load of 73.1 %.

Also, transit mode has all engines in use, with each engine having a power load of 77.6 %.

Figure 8.15: Caterpillar 3512C engine

18]

Figure 8.16: Caterpillar C32 engine

[19]
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The fuel consumption per ekWh produced by the engines is also specified is specified in

the datasheet. These values can be found in figure |8.17]

Fuel consumption per
[g/Kwh]

Fuel consumption per
[g/Kwh]

Fuel consumption per
[g/Kwh] 203.25

Figure 8.17: Fuel consumption per ekWh generated by the engines

8.7.4 Potential Fuel Savings

To calculate the potential savings would be the fuel price has to be considered as well.
The engines use Marine Gas Oil (DMA/MGO) fuel, to find an estimation of the average
fuel price, a contact person from Bunker Oil Norway was contacted. The average price
was found to be 18 kr/L. In this project, it is assumed that the vessel will operate with

Norwegian fuel prices.

8.7.5 Potential Emissions Savings

The potential fuel savings would also result in a reduced environmental impact on the
vessel. The environmental impact can be quantized by calculating the potential reduction

of greenhouse gasses, caused by fuel consumption.

CO2

CO, is a well-known greenhouse gas. It is abundant in the atmosphere, however high
concentrations of it cause a greenhouse effect. It is common to compare other greenhouse
gasses with an C'Oy equivalent, this is because C'O; is the most well-known greenhouse

gas, which makes this a good metric to compare different types of emissions .
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NOx
NOx is a common term for nitrogen oxides: N>O, NO, N>Os, NO,. These are all

poisonous gasses and can cause asthma and other respirational infections [21].

CcO

CO is an odorless and colorless gas that is a common component in air pollution. High
concentrations of the gas can cause major health problems by restricting oxygen delivery
to the cells. Lower concentrations of it can also increase the risk of cardiovascular disease

22).

HC

HC gas is a common term for different hydrocarbons, including methane and propane.
Which are gasses composed of only hydrogen and carbon bonds. These gasses are known
to cause major health risks such as the increased risk of cancer and they can have a large

environmental impact depending on which type of HC gas that is present [23].

Part Matter

Part matter is a common term for particles such as soot, ash, or fluid that are emitted as
a result of incomplete combustion. This is most common in diesel combustion. Exposure
to part matters can increase the risk of skin cancer, lung cancer and bladder cancer. It

can also cause damage to the genetic material [24].
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The emissions were calculated by using the provided specification for emissions per hour of
engine runtime and fuel consumption per hour at a specific engine speed. The calculation
was done with the specifications for the CAT 3512C engine. Even if the fuel consumption
and emissions values differ, the relation between the two is relatively unchanged. The
emissions were specified as grams per hour, for these purposes it would be beneficial
to convert this to grams of emissions per kg of fuel consumed. If it’s assumed that the
emissions per hour and fuel consumption per hour are constant, then the relation between

them would be as shown in formula 8.7

Emissions/hr  Emissions

Vfuel/hr - Vfuel

(8.7)

To convert this to unit mass, the density of the fuel would have to be considered. For
DMO/GMA the density is 0.89 kg/L and the mass can be found by the relation between

mass and volume.

Vfuel
M fuel

Pfuel =
Vfuel = Mfyel * Pfuel (88)

Emissions __ Emissions/hr

MFEyel Vfuel/hr"pfuel

That yields the following data for grams of emissions per kg of fuel.

Hourly emissions Hourly fuel consump- | Emissions per unit
tion mass of fuel consumed
Units kg/hr L/hr g/kg fuel
CO, 841 323.9 2918
NOx 8547 323.9 29649
CO 458 323.9 1189
HC 265 323.9 919
Part matter 69.6 323.9 241

Table 8.5: Emission data per unit mass of fuel consumed [19]
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9 Concept for a Dynamic System

By considering the results from the power consumption calculations and the available
options for controlling. The solution that was chosen was a dynamic flow system using
just flow restriction by throttling, without automatic frequency control. Even if a system
using active frequency control to reduce the pressure drop, would be even more efficient.
The reason this was chosen was to reduce the installation and development costs. As
the power consumption calculations show, this system would still have a large impact on
power consumption. This new system would require different pumps and dynamic valves.
The three-way motor-operated valve and the dynamic valves which are placed on each

AHU are replaced with dynamic valves.

9.1 Choice of Pump System

The selected pump is a Grundfos Hydro Multi-E 4 CRE 10-3 as shown in figure (9.1l This
is the pump that proved to be the most efficient by the calculations in section [8.6] This
pump has a different pipe dimension on the inlet/outlet than the original pump, which
means the pipe dimensions would have to be changed to DN80 instead of DN100. The
selected pump system has four pumps connected in parallel, with one of the pumps used

as a backup.

Figure 9.1: Grundfos Hydro Multi-FE 4 CRE 10-3

[25]
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9.2 Choice of Valves

9.2.1 Pressure Independent Actuator Controlled Valves

In order to control the flow to the AHUs there has to be installed pressure independent
dynamic valves. These valves ensure that the flow in each branch is as desired, as long as
the pressure is between the working range. The selected dynamic valves are Frese Optima
Compact with actuator control, illustrated in figure [0.2] these valves can be programmed
to deliver a set flow based on the temperature of the air current going out from the
AHUs. These valves would replace the three-way valves and the pressure-independent
valves, currently located by the three AHUs. These valves have the possibility to fully
close the flow, however, they have a minimum required flow that guarantees the right
flow. If the valves are controlled by temperature output, this would not be a problem,

since the valve would regulate to deliver the desired temperature output.

rese

What is Pressure Independent Control

v+ Flow formula Q = Flow Rate [m3/h]
Kv = constant [m3/h/bar]

Q =Kv* hY AP AP = Differential Pressure

[bar]

Pressure Independent Control Valve

Figure 9.2: Frese Actuator Control Valve
[11]

9.2.2 Bleed Valve

To ensure the flow through the central heating pump is always above the minimum re-
quirement, there has to be installed a bleed valve. This is a valve that bypasses the
consumers with a constant minimum flow, unlike the three-way valves that bypass the
consumer to control the heat, and the flow through the bleed valves is much smaller. The
placement of these valves can be found in the attachment These valves are installed
by the consumer that has the lowest differential pressure over it, this is to ensure that
none of the consumers will be bypassed by the bleed valve. In this case, the bleed valve

will be installed by AHUL.
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The valve that was chosen was a Frese Sigma Compact DN25 High valve. This valve has a
flow range from 0.14-2.4 m?/h, which means that it will be suitable to ensure a minimum
flow through the pump at 1.21 m3/h. This valve will have a constant flow, that would
have to be accounted for. This was considered when concluding the power consumption

savings, although this has very little effect.

9.3 Performance during Worst-Case Scenario

Even if this central heating system likely would never operate at full capacity over longer
periods of time, except during the startup of the system, it is still important that the
system can function even in a worst-case scenario. The worst-case scenario for this system
would be where all the consumers are in use at 100 % capacity. To determine if the
system would function properly, the power consumption spreadsheet was once again used
to calculate the power consumption. Similar to the calculations done in cold, middle and
warm conditions, however in this calculation all the consumers were set to active, and at

a 100 % capacity. The results of the calculations are shown in figure [9.3] and [9.4}

Pump curve Grundfos HYDRO MULTI-E 4

Q) =d+e-Q+f-Q*

=

Figure 9.3: Pump calculations during worst case scenario for the Hydro Multi-E 4 pump
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Pump power consumption saving

Power consumption with static
system [Kw] 473
Power consumption with

dynamic system [Kw] 5.68
Power savinglKw] -0.95
Power (%] -20%|
Power consumption scaling

factor [1] 1.20
Power consumtion with static

system [Kw] 473
Power consumption with

dynamic system [Kw] 5.68
Power savinglKw] -0.95
Power (%] -20%|
Power consumption scaling

factor [1] 1.20
Power consumtion with static

system [Kw] 473
Power consumption with

dynamic system [Kw] 5.68
Power saving[Kw] -0.95
Power saving potential [%) -20%)
Power consumption scaling

factor [1] 1.20

Figure 9.4: Pump calculations summary comparing the original system with a dynamic system

These calculations show that the chosen pump system would function even at full capacity,
with an efficiency of ~ 65 % which could be considered acceptable. The efficiency of the
pump at this working point is somewhat lower than the original pump. This is because
the original pump is optimized to work at this working point. Since the system likely
would never work at this point over longer periods of time, this is acceptable. It can

therefore be concluded that this system would also work well at full capacity.
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9.4 Conclusions of the Total Savings

Now that all the components for the dynamic central heating system have been assessed
and considering the assumptions made in section [§|it is possible to come to a conclusion

of the total annual savings in fuel costs and emissions.

Summary of potential annual

savings from all weather conditions [ Cold conditions Middle conditions | Warm conditions |Total annual savings

Total annual savings NOK 35799 | NOK 24 952 | NOK 41 868 | NOK 102 619
Total annual fuel saving [kg] 1989 1386 2326 5701
Emissions
Annual Co2 emissions [kg] 5803 4045 6787 16636
Annual Nox emissions [kg] 59.0 41.1 69.0 169.0
Annual Co emissions [kg] 3 2 Z 2 3.7 9 1

Annual HC emissions [kg]
Annual part matter emissions [kg]

Potential power saving [%] 0. 67 0. 73 0.76 72%
|D|strobut|on throughout year 5 6% Bl 6% 5 9%| 5 0%|
Potential power saving [%] 68% 73% 75%)| 72%
|Distrobution throughout year | 1%| 1% 1%| 3.5%|
Potential power saving [%] 68% 73% 75% 72%
| Distrobution throughout year [%] 30% 20% 32% 82%

[fearty ditrobution heck | =

Figure 9.5: Conclusions for the total annual savings in a dynamic central heating system using

flow restriction

As shown in figure the annual fuel-saving potential is 5 800 Kg/year, which would
result in a reduction of fuel cost of 100 000 NOK /year. The details of greenhouse gas
savings can be found under the "Total annual savings” column in the rows marked in

green.

By considering the distribution spent in each mode and weather condition, it was also
possible to calculate an average power saving factor, which is the proportional power
saving in the central heating pump. This was calculated to be 0.28 on average, meaning
that the power consumption in this optimized system is 28 % of the original system. This
is an average power-saving potential of 72 %. It is important that this potential for power
saving is for the central heating pump, this should not be confused with the total fuel
consumption for the vessel, the power saving in the pump would be minuscule compared

to the power consumption of the entire vessel.
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9.5 System Documents

The documents described in this section are important system documents, normally pro-
duced by the machinery department when designing a system such as this. These doc-
uments help communicate the purpose and logic of the system to other departments, as

well as other parties with an interest in the project.

P & ID
The Piping & Instrumentation Diagram (P & ID) shows the system schematically with

pipe dimensions and valves. This is a schematic drawing of the components in the system,

as well as the piping.

A2

System Description

This is the written description to use alongside the P & ID and explains the system
briefly. This makes it easy for someone to understand how the system works and how
the components cooperate. This is very similar to the abstract of function, however,
this document is less technical. The system description is meant to be understood by
a person having some technical understanding, unlike the abstract of function, which

requires slightly more knowledge about the system in general.

A3

Abstract of Function

The abstract of function is a document that describes the contents in the P & ID in plain
text. As the name implies, this is an abstract of how the system functions, where all the

main components are described.

A4

Armature List

This list shows all the components, including supplier and size. The armature list contains

more detailed information of each component in the P & ID.

A5
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9.6 Eco Design

Eco design are requirements set by the EU and applies to electric motors that use variable-
speed drives. This implies that these regulations apply to the central heating pump used

in this project. The regulations set requirements for the efficiency of the pumps.

2.2.02 Motors - Step 2: Starting 15t July 2023

Poles

0,12 0,75 75 200 375 1000
P_[kw]
Picture 3: Starting 15t July 2023

Figure 9.6: Eco design regulations for motors starting July 1st 2023

Since the pumps have a power rating above 0.75 kW and below 75 kW, and the motor has
two poles, the regulations require the pumps to be in an efficiency class of IE3 or above
[26]. In the Grundfos data sheet it is specified that the pumps have an efficiency rating

of IE5, which means that these pumps satisfy EU regulations for eco design.

9.7 How Can This Work be Used in Future Projects

The calculations done in this project are done on a relatively small central heating system.
Meaning that there is potential for even greater savings in larger systems. It is therefore
important that the work done with this system can be transferred to other projects. The
results from these calculations could be used directly as a factor to estimate the power
savings as a proportion to the current power consumption, or the documents produced
in this project can be used to do a more detailed calculation. The documents were
therefore created such that it would be easy for other engineers to do calculations for

similar projects.
Calculations on a similar project will probably be done by engineers at Vard Design &
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Engineering, it can therefore be assumed that the final users of these documents will have
some understanding of software such as SF Pressure Drop and Microsoft Excel. This
is something that will be accounted for when considering the user-friendliness of these

documents.

A good indication of the proportional savings in other central heating systems is the
relation between the capacity that the system is normally running, versus the capacity
that the system is designed to run at. The existing system on this vessel, for example,
is designed to deliver flows at 36.2 m3/h, however, it usually requires flows significantly
lower than that. This means that the system has great potential. A system that is
normally running at a capacity close to full capacity, would probably have a much smaller

potential.

9.7.1 User Tests

It is important that the work done in this project can be utilized in future projects.
Therefore, the method to perform these calculations has to be user-friendly. To make
it easy for other users to use this method for calculating potential fuel savings, a user
manual was created for the entire procedure. This can be found in attachment [A. 1] To
make sure the user manual and documents were as user-friendly as possible, engineers at
Vard were provided the user manual and documents without further explanation of how
to use the method to do calculations. The feedback received was positive that this is

something that can be used in future projects.
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10 Economic Analysis

When considering if switching to a dynamic system would be financially beneficial, an
economic analysis has to be performed. This analysis accounts for the increased purchase
costs as well as the annual potential for fuel savings. When it comes to the installation
and maintenance cost, there is no indication that this system would have higher costs,
since it is very similar to the existing system with just some modifications in a few of the
parts. There is a possibility that these costs would be lower in a dynamic flow system,
since a pump running at lower capacity would have less wear and there are fewer parts
that have to be installed. Nevertheless, this analysis will not consider a difference in

installation and maintenance costs.

10.1 Purchase Cost

The increased purchase cost can be assessed by considering the cost of the original parts,
compared to the cost of the parts needed for the dynamic central heating system. The

parts that will no longer be used are Oventropp three-way valve, Frese Sigma Compact

valve for AHU1, AHU2 and AHU3 and Grundfos CR32-2-2 pump.

The parts that have to be installed in the new system are Frese Optima Compact for
AHUIL, 2, and 3, Frese Sigma Compact as a bleed valve, and Grundfos HYDRO MULTI-
E 4 CRIE 10-3 circulation pump.

Because of competitive advantages, the exact prices of specific parts cannot be revealed,
although the difference in price between the two systems will be used for economic analysis.
The price difference was calculated by contacting the suppliers and asking for a price
estimation for each part. The euro exchange rate that was used was the exchange rate
as of May 9" 2023, even if the exchange rate would vary, this is just an indication of
the economic benefit. The new pump is quite a bit more expensive than the original
pump, while the price of the armature is relatively unchanged. A summary of the price
difference can be found in table [10.1} where a positive value indicates the increased cost

of a dynamic system.
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Price difference on armature -18 598 kr

Price difference on pump system | 230 771 kr

Total price difference 212 173 kr

Table 10.1: Price difference for armature and pump system

10.2 Return on Investment

With the conclusions from sections [9.4] and it is now possible to determine a return
on investment. This is an indication of the amount of time before the economic benefits
would outperform the increased costs. This would provide a value that makes it easy for

a customer to visualize the benefits, and therefore easier to sell.

Total increase of purchase costs | 212 173 kr

Annual savings 102 619 kr/year

Return on investment 2.1 years

Table 10.2: Total increase of purchase costs, annual savings and return on investment
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11 Possibilities for the Use of Alternative Fuels

Because of the limited timeframe, it was decided to not include part four of the project
in this project. This was done in cooperation with our supervisor at Vard Design &
Engineering, Runar Fiske and our supervisor at NTNU, Lars Petter Bryne. While this
segment was intended to be optional rather than mandatory, its inclusion hinged on the
availability of sufficient time. As of writing this May 10" 2023 it is evident that this part
has to be abandoned. If this part were to be included, it would not be comprehensive
enough to actually bring something useful to this project. It was instead decided to focus

on the three other parts of the project.
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12 Conclusion

The purpose of this project was to investigate if there is potential to save power by doing
changes to an already existing central heating system onboard a service operative vessel.
Previously to this project, it was suspected that changing from a system using constant
flow, to a system that dynamically controls the flow and differential pressure could save a
significant amount of power, which results in lower fuel consumption and greenhouse gas

emissions. This was something Vard Design & Engineering wanted to confirm.

In this project, the group analyzed an existing central heating system and performed
calculations such as pressure drop, heat loss, and heat demand. With these results, it was
possible to come up with alternative solutions for the central heating system, to lower
the power consumption. In this project, the main emphasis has been on optimization of
the pumps. There were two solutions that were considered for a dynamic flow system.
The first solution was a system that uses both frequency control of the pumps, along
with flow restriction to each consumer. The second solution was a system using just flow
restriction. Expectedly, it was found that the first solution had the greatest potential for
power saving, however, this system would be significantly more complex than the second
solution. It was therefore decided to proceed with a system using just flow restriction.
The system has been redesigned with changes in some valves, as well as the pump system.
It was concluded this system has the potential to save ~70 % of the power consumed
by the central heating pumps, which results in an annual fuel saving of ~100 000 NOK.
With the estimated increase in installation costs compared to the original constant flow

system, this investment would have a return on investment of 2.1 years.

After finishing this project, the group is convinced that the topics presented in this project
should be explored further. The calculations made here show that there could be a large
potential to save fuel in a relatively small central heating system, however, it can therefore

be concluded that this research is worth proceeding with.
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13 Future Work

While this project contains a comprehensive comparison of a system using constant flow
and a system using various solutions for dynamic flow, there are still some improvements
that can be done to the system. Unfortunately, there was not enough time to include
these topics in the project, however, this section presents some suggestions on topics that

could further improve this system.

13.1 Belimo Energy Valves

Pressure-independent flow and power control and transparent monitoring of heating sys-
tems are provided by the Belimo Energy valve. These valves are ensuring that they are
not operated with a low temperature difference in the central heating fluid. According
to the supplier, these valves are intelligent pressure-independent valves that can be con-
nected to Belimo Cloud. Which is an application that monitors energy consumption and

provides evaluations to improve product and system quality.

13.2 User Interface

In order to do calculations on similar vessels efficiently, it is important that the method
and documents used to do the calculations are as user-friendly as possible. The feedback
received from what has been produced in this project was positive, however, there is still
room for improvement. Even if this method would possibly save a lot of time from doing
the calculations from scratch, it is still a time-consuming process. Creating software to
fully automate the process of calculating fuel save potential would be too comprehensive
for this system. Still, this is something that can be explored in future systems. There
is a possibility to use the 3D-model along with simulation software to automatize the

pressure-drop calculations and use the results in the power consumption calculations.

13.3 Verifying the Calculations

Manual calculations have an uncertainty that must be taken into account. The results
from these calculations should therefore be compared to real-life experiments. Values such

as pressure drop, heat loss, and power consumption of the pump should be compared to
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empirical data.

13.4 Further Improvements of the Pumping System

As of now the central heating pump and the freshwater evaporator pump are connected
in parallel. There is a possibility that it could be beneficial to gather these two pumps in
one pump system and control the entire system using pressure-independent valves, and
frequency control. This would increase the range the pumps have to work well in, and it

should be investigated if this has the potential to save even more power.

The possibility to connect the fresh water evaporator branch to the main pumping system
could be explored. This would require an upscaling of the main pumping system. A
possibility could be to connect several pumps in parallel with the two existing pumps and

have them work together, with one as a backup. This would have to be explored further.

13.5 Alternative Fuels

The possibility to utilize an alternative fuel for this central heating system is also some-
thing that should be explored further. This can be done by using fuel like methanol,
hydrogen, ammonia, or other low-carbon fuels. These fuels can be used to provide heat
and replacing the oil heating that is occasionally used when the heat from the engines
are low. There is also a possibility to use alternative fuels to generate electricity for the
central heating system, as well as the rest of the vessel. The implications that these fuels

would have is something that should be explored further.

13.6 Exploring how the Calculations Scale

As mentioned earlier, these calculations were done on a relatively small central heating
system, it is still unclear however how these results would scale in a different size system.
The proportional savings are probably dependent on the relationship between what the
system is designed to work at, and what the system is normally working at. If the
proportional savings is linear to the size of the pump, then transferring these results to
systems of different sizes would be very easy, with the power saving factor explained in
subsection This is something that would have to be explored further in order to be

verified.

67



Central Heating System Design

References

[1] CR 32-2-2 A-J-A-E-HQQFE — Grundfos. NaN. URL: https://product-selection.
grundfos . com/products/cr-cre-cri-crie-crn-crne-crt-crte/cr/cr-32-
2-2-96122256 7 tab=variant - curves & pumpsystemid =2096213958 (visited on
04/24/2023).

[2] Process Engineer’s Tools. Heat loss calculation of insulated pipe to air (with cal-
culator Fzcel). NaN. URL: https://myengineeringtools.com/Thermodynamics/
Heat_Loss_Insulated_Pipe.html (visited on 03/22/2023).

[3] Vard Design & Engineering. STD-104-0030 Pipe Insulation Standard. 2020.

[4]  The Economic and Environmental Impact of Greenhouse Heating Pipe Insulation.
2022. URL: https://www.mdpi.com/2071-1050/14/1/549 (visited on 04/26/2023).

[5] AlfaLaval, PureBilge. URL: https://www.alfalaval.no/produkter/separering/
sentrifugalseparatorer/separatorer/purebilge/| (visited on 02/16/2023).

[6] AlfaLaval PureBilge. URL: https://www.alfalaval.com/globalassets/documents/
products / separation/ centrifugal - separators /alfa- laval - purebilge -
white-paper.pdf| (visited on 02/16/2023).

[7] Alfa Laval. Installation Manual Freshwater Generator AQUA type Blue C80 HW.
2022.

=)

Marinfloc M. Gombrii K. Erikson. Black and Grey Water. Marinfloc, 2016.
EGO spjeldventil, EPDM sete, syrefast spjeld, LUG, PN10/16 |Dahl.no. NaN.

=)

URL: https://www.dahl.no/industri/industriarmaturer/ventiler/ego-
spjeldventil - epdm - sete - syrefast - spjeld - lug-pnl1016 - bs’%5C _bd?%5C _
13806064741787v=BS%5C_BD%5C_5521304 (visited on 02/16/2023).

[10]  Stengbar tilbakeslagsventil GG25, rettlop, flenset. Fig. 10.159.5D — Dahl.no. NaN.
URL: https://www.dahl.no/industri/industriarmaturer/ventiler/stengbar-
tilbakeslagsventil - gg2b-rettlop—-flenset. -fig. -10.159.sd-bs_bd_
1467607985203 (visited on 03/16/2023).

[11]  Frese SIGMA Compact DN50-DN300. NaN. URL: https://www.frese.eu/hvac/
da-DK/Produkter/Dynamiske-flowbegraensere/Frese-SIGMA-Compact-DN50-
DN300 (visited on 02/23/2023).

68


https://product-selection.grundfos.com/products/cr-cre-cri-crie-crn-crne-crt-crte/cr/cr-32-2-2-96122256?tab=variant-curves&pumpsystemid=2096213958
https://product-selection.grundfos.com/products/cr-cre-cri-crie-crn-crne-crt-crte/cr/cr-32-2-2-96122256?tab=variant-curves&pumpsystemid=2096213958
https://product-selection.grundfos.com/products/cr-cre-cri-crie-crn-crne-crt-crte/cr/cr-32-2-2-96122256?tab=variant-curves&pumpsystemid=2096213958
https://myengineeringtools.com/Thermodynamics/Heat_Loss_Insulated_Pipe.html
https://myengineeringtools.com/Thermodynamics/Heat_Loss_Insulated_Pipe.html
https://www.mdpi.com/2071-1050/14/1/549
https://www.alfalaval.no/produkter/separering/sentrifugalseparatorer/separatorer/purebilge/
https://www.alfalaval.no/produkter/separering/sentrifugalseparatorer/separatorer/purebilge/
https://www.alfalaval.com/globalassets/documents/products/separation/centrifugal-separators/alfa-laval-purebilge-white-paper.pdf
https://www.alfalaval.com/globalassets/documents/products/separation/centrifugal-separators/alfa-laval-purebilge-white-paper.pdf
https://www.alfalaval.com/globalassets/documents/products/separation/centrifugal-separators/alfa-laval-purebilge-white-paper.pdf
https://www.dahl.no/industri/industriarmaturer/ventiler/ego-spjeldventil-epdm-sete-syrefast-spjeld-lug-pn1016-bs%5C_bd%5C_1380606474178?v=BS%5C_BD%5C_5521304
https://www.dahl.no/industri/industriarmaturer/ventiler/ego-spjeldventil-epdm-sete-syrefast-spjeld-lug-pn1016-bs%5C_bd%5C_1380606474178?v=BS%5C_BD%5C_5521304
https://www.dahl.no/industri/industriarmaturer/ventiler/ego-spjeldventil-epdm-sete-syrefast-spjeld-lug-pn1016-bs%5C_bd%5C_1380606474178?v=BS%5C_BD%5C_5521304
https://www.dahl.no/industri/industriarmaturer/ventiler/stengbar-tilbakeslagsventil-gg25-rettlop-flenset.-fig.-10.159.sd-bs_bd_1467607985203
https://www.dahl.no/industri/industriarmaturer/ventiler/stengbar-tilbakeslagsventil-gg25-rettlop-flenset.-fig.-10.159.sd-bs_bd_1467607985203
https://www.dahl.no/industri/industriarmaturer/ventiler/stengbar-tilbakeslagsventil-gg25-rettlop-flenset.-fig.-10.159.sd-bs_bd_1467607985203
https://www.frese.eu/hvac/da-DK/Produkter/Dynamiske-flowbegraensere/Frese-SIGMA-Compact-DN50-DN300
https://www.frese.eu/hvac/da-DK/Produkter/Dynamiske-flowbegraensere/Frese-SIGMA-Compact-DN50-DN300
https://www.frese.eu/hvac/da-DK/Produkter/Dynamiske-flowbegraensere/Frese-SIGMA-Compact-DN50-DN300

Central Heating System Design

[12]

[15]

[17]

[18]

[19]

[20]

[21]

[23]

Frese SIGMA Compact DN15-DN50. NaN. URL: https://www.frese.eu/hvac/en-
GB/Products /Flow-Limiting - Valves /Frese - SIGMA - Compact —- DN15 - DN50
(visited on 02/16/2023).

Ball Valve - How They Work |Tameson.com. NaN. URL: https://tameson. com/
pages/ball-valve-introduction (visited on 02/16/2023).

AVTB and AVTB-RA temperature controllers — Danfoss. NaN. URL: https://
www . danfoss. com/en-us/products/dhs/differential -pressure-and-flow-
controllers/self -acting-temperature-controllers/avtb-and-avtb-ra-
temperature-controllers/#tab-overview (visited on 03/14/2023).

World’s Largest Offshore Wind Farm Opens in North Sea — Engineering News-
Record. NaN. URL: https://www.enr.com/articles/54739-worlds-largest-
offshore-wind-farm-opens-in-north-sea (visited on 03/27,/2023).

Visual Crossing Corporation. Historical Weather Data Weather Forecast Data at
Grimsby 2020-2021— Visual Crossing. 2023. URL: https://www.visualcrossing.
com/weather-data (visited on 04/27/2023).

Visual Crossing Corporation. Historical Weather Data Weather Forecast Data at
Sea Position 53°53°06.0°N 1°47°27.6"E 2020-2021— Visual Crossing. 2023. URL:
https://www.visualcrossing.com/weather—data (visited on 04/27/2023).

CAT 3512C — Pon Power Concept Explorer. NaN. URL: https://www.poncept .
no/engine/3512c--1700ekw-1800rpm-marelli-dep (visited on 04/19/2023).
CAT C32 — Pon Power Concept Explorer. NaN. URL: https://www.poncept.no/
engine/c32-940ekw-1800rpm-marelli-water-cooled (visited on 04/19/2023).
karbondioksid — Store norske leksikon. NaN. URL: https://snl.no/karbondioksid
(visited on 05/08/2023).

Hva er NOz? NaN. URL: https://www.noxfondet .no/artikler/hva-er-nox/
(visited on 05/08/2023).

Air Pollution from Carbon Monozide - Texas Commission on Environmental Quality
- www.tceq.texas.gov. NaN. URL: https://www.tceq.texas.gov/airquality/sip/
criteria-pollutants/sip-co (visited on 05/08/2023).

eksos — Store norske leksikon. NaN. URL: https://snl.no/eksos (visited on

05,/08,/2023).

69


https://www.frese.eu/hvac/en-GB/Products/Flow-Limiting-Valves/Frese-SIGMA-Compact--DN15-DN50
https://www.frese.eu/hvac/en-GB/Products/Flow-Limiting-Valves/Frese-SIGMA-Compact--DN15-DN50
https://tameson.com/pages/ball-valve-introduction
https://tameson.com/pages/ball-valve-introduction
https://www.danfoss.com/en-us/products/dhs/differential-pressure-and-flow-controllers/self-acting-temperature-controllers/avtb-and-avtb-ra-temperature-controllers/#tab-overview
https://www.danfoss.com/en-us/products/dhs/differential-pressure-and-flow-controllers/self-acting-temperature-controllers/avtb-and-avtb-ra-temperature-controllers/#tab-overview
https://www.danfoss.com/en-us/products/dhs/differential-pressure-and-flow-controllers/self-acting-temperature-controllers/avtb-and-avtb-ra-temperature-controllers/#tab-overview
https://www.danfoss.com/en-us/products/dhs/differential-pressure-and-flow-controllers/self-acting-temperature-controllers/avtb-and-avtb-ra-temperature-controllers/#tab-overview
https://www.enr.com/articles/54739-worlds-largest-offshore-wind-farm-opens-in-north-sea
https://www.enr.com/articles/54739-worlds-largest-offshore-wind-farm-opens-in-north-sea
https://www.visualcrossing.com/weather-data
https://www.visualcrossing.com/weather-data
https://www.visualcrossing.com/weather-data
https://www.poncept.no/engine/3512c--1700ekw-1800rpm-marelli-dep
https://www.poncept.no/engine/3512c--1700ekw-1800rpm-marelli-dep
https://www.poncept.no/engine/c32-940ekw-1800rpm-marelli-water-cooled
https://www.poncept.no/engine/c32-940ekw-1800rpm-marelli-water-cooled
https://snl.no/karbondioksid
https://www.noxfondet.no/artikler/hva-er-nox/
https://www.tceq.texas.gov/airquality/sip/criteria-pollutants/sip-co
https://www.tceq.texas.gov/airquality/sip/criteria-pollutants/sip-co
https://snl.no/eksos

Central Heating System Design

[24]

[25]

[26]

polysykliske aromatiske hydrokarboner — Store norske leksikon. NaN. URL: https:
//snl.no/polysykliske_aromatiske_hydrokarboner| (visited on 05/08/2023).
HYDRO MULTI-E 4 CRE 10-3 - 98486764 — Grundfos. NaN. URL: https://
product - selection . grundfos . com/no/products/hydro-multi-e/hydro-
multi-e-4-cre-10-3-98486764 7 tab=variant - curves & pumpsystemid =
2081582923 (visited on 04/19/2023).

Capiel and Cemp. Information about the Ecodesign Regulation (EU) 2019/1781 for
Motors and Drives from CAPIEL and CEMEP. Marinfloc, 2019.

70


https://snl.no/polysykliske_aromatiske_hydrokarboner
https://snl.no/polysykliske_aromatiske_hydrokarboner
https://product-selection.grundfos.com/no/products/hydro-multi-e/hydro-multi-e-4-cre-10-3-98486764?tab=variant-curves&pumpsystemid=2081582923
https://product-selection.grundfos.com/no/products/hydro-multi-e/hydro-multi-e-4-cre-10-3-98486764?tab=variant-curves&pumpsystemid=2081582923
https://product-selection.grundfos.com/no/products/hydro-multi-e/hydro-multi-e-4-cre-10-3-98486764?tab=variant-curves&pumpsystemid=2081582923
https://product-selection.grundfos.com/no/products/hydro-multi-e/hydro-multi-e-4-cre-10-3-98486764?tab=variant-curves&pumpsystemid=2081582923

Central Heating System Design

List of Figures

[7.1 P&ID of the central heating system| . . . . . . . ... ... ... ... ... 11
[7.2  Grundfos C32 Centritugal Pump|. . . . . . . .. ... ... ... ... ... 13
[7.3  Main pumps connected in parallel on another SOV} . . . .. ... ... .. 14
[7.4 Illustration of the constants for calculating the heat-loss in a pipe |4] . . . 15
[7.5 Illustration of Bilge Water Separator |6f . . . . . .. ... ... ... ... 19
[7.6  Aqua Blue C100-HW&86-108 freshwater generator from Alfalaval . . . . . . 20
[7.7 Daily water production| . . . . . . .. ... ... oL 21
[7.8 Pressure drop overview| . . . . . . ... ... oL 22
[7.9 Lug butterfly valve [9].| . . . . . . ... .. 23
[7.10 £, values of butterfly valves provided by Brgdrene Dahl| . . . . . . . . . .. 24
[7.11 Non-return closable valvel. . . . . .. ... ... o000 24
[7.12 Illustration of a system curve using a dynamic regulating valve| . . . . . . . 25

[7.13 Frese Sigma Compact flanged dynamic valve & Frese Sigma Compact dy- |

namic valve with pre-set| . . . . . . .. ... ... L. 26
[7.14 Ball valve mechanism [13]| . . . . . ... ... ... oo o 0L 26
[7.15 Self-acting control valve[l4]| . . . . . ... ... ... L L. 27
[7.16 Oventropp 3-way valvel . . . . . . .. .. ... ... L. 28
[7.17 k,.-values for Oventrop three-way valves| . . . . . ... ... ... ... .. 28
8.1 Pumpcurvel . . . ... ... 32
(8.2 Illustration of the system border for the shaft efficiency| . . . . . . . . . .. 33
[8.3  The effect of frequency controll . . . . . . . ... ... L. 35
[8.4  Distribution of average daily temperatures at Grimsby [16[| . . . . . . . .. 38

[8.5 Distribution of average daily temperatures at sea outside of Grimsby [17]| . 38

[8.6 Heat calculation during cold conditions| . . . . . .. ... ... ... .... 41
[8.7  Heat calculation during cold conditions.|. . . . . . . ... ... ... .. .. 42
[8.8  Pump calculations in the original constant iow system| . . . . . . . . . .. 43

(8.9  Summary of power consumption during cold conditions using flow restriction| 44

[8.10 Summary of power consumption during average weather conditions using |

flow restrictionl . . . . . . . . 45

[8.11 Summary of power consumption during warm conditions using flow restriction| 46

71



Central Heating System Design

[8.12 Summary of power consumption during cold conditions using both flow |

restriction and frequency controll. . . . . .. ..o 47
[8.13 Summary of power consumption during average weather conditions using |

both flow restriction and frequency control . . . . . . . . . ... ... ... 48
[8.14 Summary of power consumption during warm conditions using both flow |

restriction and frequency controll. . . . . .. ..o 49
[8.15 Caterpillar 3512C engine] . . . . . . . . . . . . ... 50
[8.16 Caterpillar C32 engine| . . . . . . . . . . . . ... ... L. 50
[8.17 Fuel consumption per ekWh generated by the engines| . . . . . . . . . . .. 51
[9.1  Grundfos Hydro Multi-E4 CRE10-3| . . . . ... ... ... ... ... .. 54
0.2 Frese Actuator Control Valvel . . . . . . .. ... ... ... ... .... 55

9.3 Pump calculations during worst case scenario tor the Hydro Multi-E 4 pump| 56
[9.4  Pump calculations summary comparing the original system with a dynamic |

system| . . . .o e o7
[9.5 Conclusions for the total annual savings in a dynamic central heating sys- |

tem using flow restriction|. . . . . . . . ..o 58
[9.6  Eco design regulations for motors starting July 1st 2023|. . . . . . .. . .. 60

List of Tables

(7.1 Heat loss in branches and sectionsl . . . . . . . .. ... ... ... ... .. 16
[7.2  Values for freshwater generation for service vessels |8][. . . . . . .. .. .. 20
[7.3  Hourly distribution in each mode| . . . . . . . . ... ... ... ... ... 30
7.4 The consumers and when they are active in each mode| . . . . . . . . . .. 30
(8.1 The polynomial used to estimate the pump and efliciency curves at varying |

flows and frequencies| . . . . . . . . ... Lo 36
[8.2  The polynomial used to estimate the pump and efficiency curves at varying |

flows and frequencies| . . . . . . . ... Lo 36
[8.3  Temperatures at Grimsby| . . . . . . .. ... L0 38
[8.4  Temperatures at sea outside of Grimsby| . . . . . . . . .. ... ... ... 38
(8.5  Emission data per unit mass of fuel consumed [19]|. . . . . ... ... ... 53
[10.1 Price difference for armature and pump system| . . . ... ... ... ... 63

72



Central Heating System Design

[10.2 Total increase of purchase costs, annual savings and return on investment| . 63

73



Central Heating System Design

A Attachments

74



Central Heating System Design

A.1 Pump Calculation User Manual

75



VARD

a Fincantieri company

Calculating the Potential Fuel Savings in a
Central Heating System



VARD

a Fincantieri company

Introduction

This is a user manual on how to calculate the potential for fuel savings as well as savings in emissions for
a central heating system. This can be achieved by switching from a constant flow system to a system
using dynamic valves to regulate the flow in the system.

A constant flow system is hereby used to describe a system using a fixed pump speed with three-way
regulating valves to bypass the flow to obtain the desired temperature output. In most cases, this is
wasteful since the pump uses unnecessary power to pump the excess fluid around the system.

The power consumption of the pump can be reduced by having flow-regulating valves as well as a
frequency-controlled pump, resulting in lower fuel consumption. This method compares results from
just flow-regulating valves with a constant pump speed, a system using both flow-regulating valves and
frequency controlling and a traditional constant flow system.

The results from this calculation will have significant uncertainty, however it will give an indication of
what the potential fuel savings could be.
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Step 1 - split and measure the pipe system

Gain an overview of the system and the consumers. Then chose the main pipeline where the flow is
assumed to be highest. Split it into sections and branches where the pipe changes dimensions or where
it's natural to split it.

Measure the entire piping system, all the bends and everything that will result in a pressure drop. The
3D-model in Navisworks is very helpful. If some pipes don't exist in the model, measure it in GA in
AutoCAD.

All the measurements can be typed into the template Pipe Dimensions as shown in the screenshot
below.

Branch 1 Hot side Branch 2 Cold side Bilge water seperator
Unit Value Value

Pipe diameter mm DN50 DN50 DN50
Inner diameter mm 5153 51.3 51.3
External diameter mm 60.3 60.3 60.3
Bending radius mm 90.45 90.45 90.45

Fluid temperature | DNNFCISEes0e Coldsideco]
Flow m3/h 5.5 5.5 5.5

Length of pipes m 13.3 4.22

3x40deg, 7x90deg, 1x30deg,
Bends deg 2x45deg, 2x50deg, 1x35deg

2xbutterfly valve Kv=115.7, 1xdynamic|
Other losses (enlargements, valve contraction (50-25mm, 9deg)
contractions etc) deg| enlargement (25-50mm, 9deg) 0.21bar pressure drop|

This template also calculates the heat loss in the pipe system. Based on the outer diameter, length of
pipes and k-value the formula A, * k can be used to calculate heat loss per degree. The total heat loss in
the system is presented in the sheet called Heat loss Summary.

Heat loss calculation
Thi of i m 0.030 0.030 0.030
Outer radius r2 m 0.06015 0.06015 0.06015)
Outer radius of piperl |m 0.03015 0.03015 0.03015
Innter radius r0 m 0.02565 0.02565 0.02565|
Heat transfer rate k w/m2k 0.971 0.971 0.971]
[A0*k [w/k] W/k 4.883] 1.549 0.000]
Cold side y Twik | 0.000] 1.549] 0.000
Hot side summary [w/k | 4.883 0.000] 0.000]
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Step 2 — Calculate the Pressure-Drop at Full Flow

Once all the components causing a pressure drop have been located the pressure drop at full flow in the
entire system can be calculated. This can be done with numerical pressure drop software such as SF
Pressure Drop, with the attached template. Calculate the pressure drop in the main pipeline in one
sheet, then all the branches in their own sheet. The results from the pressure drop can then be
compared in the calculation summary. Specify which “column” each branch exits and enters the main
pipeline. The “column” refers to the number in row two of the main pipeline sheet.

Column Comparison

Branch 1

Inlet Column 6
Outlet Column 40
Pressure through main pipe (bar) 1.35
Pressure through branching pipe (bar) 0.13

Pressure through the main pipe has the most severe pressure drop

Figure 1 Branch 1 exits the main pipeline at column 6 and reenters at column 40. This means
that the pressure-drop through the main pipeline is more severe.

The results from this calculation will be compared and this will determine which path has the most
severe pressure drop. Sum up the pressure drop in row 39 for each section in the main pipeline that has
the same flow and use this value to assign a kv value for each section. This vale will be used further in
the method to calculate pressure drop at varying flows.

Project: [ Section 0 section 1 |

Column rw.. (&) 1 N 2 = £7 O 4 N 5 N 6
1. Flow medium

Flow medium [Water [Water Water [Water [Water Water
Condition liquid liquid liquid ligquid liquid liquid
Volume flow m3/h 362 362 36.2 362 362 36.2)

[Mass flow kg/h 36134.84) 36134.84| 36134.84) 36134.84] 36134.84 36134.84
Volume flow branch.pipe m3/h
Density kg/m3 998.2) 998.2 998.2 998.2] 998.2| 998.2]
Dyn.Visvos. 10-6 kg/ms 1002 1002 1002 1002 1002 1002
Kin.Viscos. 10-6 m2/s 1.003806852| 1.003806852| 1.003806852| 1.003806852 1.003806852| 1.003806852
5- Kv value

kv value for this node | [ 0.003] 0.1

kv value of section | | 63952
Figure 2 Section 0 has a cumulative pressure-drop of 0.003 bars and section 1 has a cumulative pressure-drop of 0.01 bars.

This gives Kv values of 639.52m3/h and 342.39 respectively.
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Step 3 — Use the Results in the Power Consumption Sheet

When all sections have their respective Kv vales assigned the results can be used in the power
consumption sheet to calculate the potential savings.

Heat balance _

Firstly, define all the consumers in the system and define their heat demand then =
the flow at maximum load. The template has 8 consumers, but more can be =
added by adding rows above the example consumer row, then copying the -
formulas from the row above. Make sure the pressure drop and flow is included ' 66.20
in the sum below. The sum excludes the flow through the freshwater generator !
branch, since this has an external pump in the example calculation. The flow

. e . . 0.29
through the branch can be included by modifying the formula. Then define their
status at each mode. This template has three modes, but more can be added as -
necessary. —
Bilage water separator  |Branch 1 160! 5.5|No 100%|
e : o . =SUM(09:016}4012
Fresh water evaporator |Branch 4 742.8 66.2|No 100%!|
AHU1 (ACC) Main pipeline 489.5 21.5|Yes 17.5% Figure 4 Formula for the flow
AHUZ (Wheell Branch 5 44 1.94[Yes 34.0%) .
AHU3 (Galley) Branch 6 90 3.96|Yes 17.5% through the central heating pump
Example consumer 0 0 100.0%

Figure 3 All the consumers in the system with their capacity in harbor mode

Below row 19 the heat providers as well as the heat loss can be inserted. This calculation considers the
heat that is required to all the consumers as well as the heat lost through the pipe and calculates what is
required from the boiler. If there is enough heat from the heat recovery system this would be 0.

Heatloss Entire system 5 100% 5 1%
Heat recovery units Main pipeline 2368 - 21% 497.28 99%
Oil fired boiler Main pipeline 0 0%

Figure 5 Specification for where the heat is delivered, and the heat loss.

Fill out the consumption data table to calculate the potential for power savings. Under the distribution
throughout the year the user can specify what percentage of the year this calculation will account for.
For example, if this calculation is valid for May-August the percentage would be 33% of the year. Under
the fuel emission data, the user can insert data from the emissions from fuel consumption. The data in
the template is from the CAT3512C engine.
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Distrobution of year & il fusl
spent in these conditions |
1] J Co2 2918

average fuel price [kr/g) . o as.rﬁi
159)

[ HC 092
made (%] £ part matter 024

[Fuel consumption per
[e/Kwh]

Distrobution spentin
made (3]

[Fuel consumptian per
[g/kwh]

Distrobution spentin
mode [%]

Figure 6 Screenshot from consumption and fuel emission data.

Pressure Calculation

In the pressure calculation tab is where the logic of which consumer is connected to which section. For
example the flow through section 0 will be the sum of all consumers except the freshwater generator,
the flow through section 2 will be the sum of all the air handling units and so on the formulas in the flow
column can be copied over to the flow constant flow system column. Do this for all modes and insert the
appropriate Kv value for each section. The sheet will then calculate the pressure drop in the main
pipeline and the flow through the central heating pump. This will define the necessary working point in
each mode.

s 1550 2am 25543
53159 274 4 sas) 214
[Kv value [m3/h/ber] [Flow [m3/h] Flow Constant flow system tion [Bar] [Pressure [Flow [m3/hl |Pressure drop in section [Bar]

ection w57 5. 550 o007 aan 050
acton . om0 o0 A oz
ecton So7aa] 7 0 G007 Ty ot
o X 7. [Ty 05 [y o002
ection 10 = . Ty o0z 3855 01
section 11 4y 376 215 003 1107 32 ns0 o0z
Section 12 3307 an 0 0001 o037 355 Ty 051
Soction 17 s 30 740 o0 o6 s Sra0 5
Section3 =X s17 70 050 Y T 740 Toto
n ) 512 0001 005 a4 z o002
o T S3z z G50 007 aan 7 00
sction e 7 oo 007 4 > 050
ecton 16820 Sz [y a7 Toss = i
Section ] BH ey ) ) s 7

Figure 7 Screenshot of the pressure calculation tab.
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Find a Suitable Pump System

A dynamic system would most likely work at much lower flows than what the \ Pump curve polynomial
original system is designed for. It would therefore probably be beneficial to
consider pumps that work well at lower flows and can still work at full capacity.

HQ)=a+b-Q+c-Q?

This could be a single pump, or a parallel configuration of pumps. The power " =
consumption template has multiple tabs where different pump configuration can b o
be compared. This is done by estimating a second-degree polynomial for the pump

curve and the efficiency curve as a function of the flow. This can be done with e e o
curve fitting software if the supplier cannot provide a function for the curve. mmf””},,\“

(The efficiency should be a value between 0 and 1 not a percentage)

Efficiency polynomial

Q) =d+e-Q+ f-Q

d 0
0.0271
f -0.0003

Figure 8 Screenshot of the

polynomials for Head and Efficiency.
Pumpe curves NB32-125/01 Paralell

Modes
'F!mv Im3/h] 2.7
Iml 9 Fit curves to
requens in] 1800|
z < Em|  working points
o 2%
Power consumption [k 3

[Fow im3/h = 41 Reset frequency

Im]
[Freauenzy [x/min] 1800

Figure 9 lllustration of fitting pump curve to working points.

The sheet will then extract values from the pressure calculation to consider how to pump preforms at
that working point. In the constant flow system tab, the calculation is done with the assumption that the
flow in each open branch is constant at the maximum capacity. In the other pump tabs the calculation is
done with an assumption that the system is using throttling to limit the flow to whatever is necessary to
deliver.

The sheet can consider power consumptions at a constant frequency, or it can fit the curve to each
working point to simulate automatic frequency controlling. By pressing the fit curves to working points
the sheet fits the curves so that they intersect the system curve at the lowest possible point. By pressing
the reset frequency button, the curve is reset to the original frequency. This makes it possible to
compare frequency controlling with just flow limiting by throttling.
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Comparing the results of the calculation EHlokins

When all the values above have been specified it is

[Fuel cansurnptin state kg 460.8)
[Fuel cansumption synami:

possible to compare results from the original system e
with different pump configurations. The “Fuel et
consumption” column compares the results from the

most efficient pump with a dynamic system with the g
original pump. It then calculates the fuel costs for each oo
system in each mode, and then the annual savings in =

both fuel and economical savings. These are the
potential savings in the timeframe that is specified in

Iannual savings HOK 1576

[Annual energy demand scaric

the heat balance. Meaning that if the calculation is valid [\.......
[dynarmic (kwh) 1562
from May to August, then these are the potential e

[Fuel consumplion eynamic

savings during these months.

Iannal fued cost s tem | oKk 22302
[Annual fuel cast cynamic

jsystem HOK 5715
|Annual savings NOK 36787

Potential savings in emissions

[annual co2 k) 738195
s lkel 7501

[Annual co emissions [kg] .02)

|aral HC ermissions (kg) 233

[Annual part maer emissions

[ke] 061

Figure 10 Screenshot of the potential for savings

in fuel and emissions.

The potential savings in emissions column calculates how much this alternative system could save in
greenhouse gas emissions, due to a lower fuel consumption. This is also in terms of the specified

timeframe in heat balance.
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*%%_577-001/002/003 CENTRAL HEATING SYSTEM
A central heating system includes:

- Four (4) off heat recovery units heat exchangers for main engines
(577.0181.10, 577.0281.10, 577.0381.10, 577.0481.10)
- Fresh Water Evaporator heating (761.0101.10)
- Fresh Water Evaporator pump (761.0109.10)
- Bilge Water Separator (803.0125.10)
- Hot Water Boiler, Oil Fired (648.0101.10)
- Heating elements for air handling units serving the following areas /compartments:
- Accommodation
- Wheelhouse
- Galley

The system consists of:
- Four (4) off Central Heating Circulation Pumps, frequency will be adjusted during
commissioning to find out the best working point, (577.0101.10, 577.0101.20,
577.0101.30, 577.0101.40)
- Dynamic flow-regulating valves
- All hot water pipes are thermal insulated.

The main purpose of the system is to distribute heated water, produced in central heating system
and heat recovery unit (exchangers) to heat consumers.

There are four pumps in the engine room, three in operation and one in backup. The pumps are
automatically turned on or off to ensure optimal working conditions.

Return flow from all consumers goes through (4) Heat recovery units in the Engine room. The heat
recovery units have a by-pass line on each side.

The flow to consumers are mainly controlled by remote operated dynamic flow regulation valves. Either
with controller in IAS, HVAC Control System or self-operated. | addition there are a few constant flow
consumers.
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Different modes:

Harbour:
-One engine in use at 81% capacity. Specified to deliver 497KW of heat to the central
heating system.

DP:
-All four engines in use at 73.1% capacity each. Specified to deliver maximum 1731KW of
heat to the central heating system.

Transit:

-All four engines in use at 77.6% capacity each. Specified to deliver maximum 1838KW of
heat to the central heating system.
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A.5 Armature list

Pagelof1l

ARMATURE LIST

ARMATURE LIST
boc.no:

#+4.577-0011

REVISION:

[PIPING DIAGRAM DOC.NO:

*#+4.577-0010

SIGNS ACC. TO VARD STANDARD:

REVSION OATE: FIPING DIAGRAM TITLE Type Dimensions  Textsize Typicalvalves
CENTRAL HEATING SYSTEM
1 74@mm 35mm Bl valves s /4"
V Q R D’“ ViADE BY. - STSTEM DESIGN PRESSURE o 2 @ao/smm  35mm  Threaded lobe valves
3 @50/15MM  5omm  Flanged globe valves
a Fincantieri company e XX+ it BRATIVAG 4 8510mm  50mm Ballvalves21"
Other valves < DN6S
BUIo o - VEsseLTvPe S 100d5mm  50mm  NRualvesDNSD
Butterfly valves > NSO
TREVARD O BE COVPLETED BY THEVARD
3 AcuAToR [P0, SupPLER DESTNATION [sA1 DESCRPTION Size [CONNECTION _[PRESSURE frvee PPECLASS [ciASs  [REMARKS SiGNTEXT
Tac NumseR (varo) ravG Houswe cermrica sion
/eooY rvee
HNL02803 esor2 o arn 577,101 [aativae 1uge Threagea on100 has1-cram_|vaiuma 2006 sl |na 4 [s771001 10w B TANK
HNLO2804 otz o0 araia 5771022 _[sallvane e Threaed o100 Aasi-cra_|vaiums 2006 s |na 4 [577.1022 ROV FW EXP_TANK
HNLO2805 etz o0 arain 5771151 [sallvane 7 Threaded o150 Assi-cra_|vaiuma 2006 s |na 1 [577.1151 10 AUTO. AR VAL DEAGRATOR
HNL02807 esor2 o araia 577.0221 _[sailvae ) Threaged o150 Asi-cram_|vaiuma 2006 cassi__|na o [577.1221 T0 AN 2 WHEELHOUSE
HNLO2808 otz o0 araia 577233 [sallvane g Threaced o150 s 1-cra_|vaiuma 2006 cossi__|na "4 [577.1233 FROM ARU 2 WHEELHOUSE
HNL02809 G112 o0 [Ty 577.1201[maivane Threadea on1s0 s i-cram_|vaiuma 2006 Class il |na 4 [577.1261 connecT Une 122 anp 123
HNLO2810 otz m s 5771251 [sallvane 117 hreaed o150 Aasi-cra_|vaiums 2005 cassi__|na 4 [s77.51 ToANU 3 GALLEY
HNLO2811 etz o0 arain 5771263 [sallvane 12 Threaded o150 Assi-cram_|vaiuma 2006 s [na 4 [577.1263 ROM ARU-3 GALLEY
HNLO2812 a0tz o Yy 577.1271_[sailvane 1172 Threaged o150 hasi-cram_|vaiuma 2006 cassi__|na 4 [577.1271 CoNNECT UNE 125 AND 126
HNLO2813 otz o0 araia 5771411 [sallvane g Threaced Pn150 s 1-cra_|vaiuma 2006 cossi__|na 4 [577.411 T0 vosE couping
HNLO2815 esor2 oo [Ty 5771422 [salvane v Threadea o150 s 1-cram_|vaiuma 2006 coss i |na 4 [s77.1422 o 8LG SETLTANKS?
HNLO2816 otz o0 araia 5771431 [salvane ) Threaed o150 A3s1-cram_|vaiums 2005 cassi__|na 4 [577.1431 FROM BLGSETLTANKSZ
RKL44608 From stock arativic 577143 [salvane Threadea o150 Assi-cram_|vaiuma 2006 cossi__|na 4 [577.1434 RO UReA TANK 58
HNLO2818 o2 arain 5771452 [sallvane Threaded o150 A3s1-Crgm_[vaiuma 2006 Coss i [na 4 [577.1052 T0 UREA TANK 58
otz m 5771183 [sallvabe Threaced o150 Assi-cra_[aitma 2007 Cass i Jna 4 [577.1183 FROM BLEED VAWVE 5771182
otz M 5771181 [sallvabe Threaced o150 Assi-cram_[atuma 2007 Cass i 4 [577.1183 0 BLEED VAVE 5771182
VARD ACC scape _[VARD ACC scope sr7a182 e Threaded 16 2R Brass [ Frese Sigma Compact Cossi__|na 4 [577.1182 BLEED FROM UNE 116 T0 117
HNLO2815 esor2 o vy 5771061 [sailvae Threaded o150 A3s1-cram_|vaiuma 2006 cassi__|na o [577.1451 FROM UREA TANK 58
RKL44605 from stock araTrvi 5771456 [sallvane ¥ Threaced en150 A3si-crav_|vaiuma 2005 s |na 4 [577.1464 FROM BLG SETLTANKSZ
HNLO2253 o112 o0 arain 5771011 [outterty vove onzs g 16 ouctie ron_[£Go (epom) s |na e operaed 5 [577.1011 FROM HOT WATER BOILER, OILIRED
HNLO2254 esorn2 o araia 571091 [Buttrty wave on100 e onis ouctie ron_|£G0 (£¢0M) cassi__|na Lovercperated 5 [577.1051 70 AW GENERATOR, HOT WATER CIRC.PUNIP
HNLO2256 G012 M araia 577.1102[Buttrty wave on100 e 16 Ouctie ron_[£60 (p0M) Class I__|NA_[Type = Leveroperated 5 [577.1102 0 FRESH WATER GENERATOR
HNLO2257 otz o0 arain 5771111 [outterfyvobve on100 e onis ouctie ron_[£Go (epom) s [na cvercperated 5 [577.1111 FROM FRESH WATER GENERATOR
HNL02258 G112 o anin 577.1121[Buttety vave onso g o6 ouctie ron_|£GO (670w s |na everoperated 4_[577.1121 FROM CENTRALHEATING CIRCULATION PUMP
HNLO2259 otz o0 vy 5771131 [outterty vae onso e onis ouctie ron_| GO (epom) cassi__|na Leveroperated 4 [577.1131 FROM CENTRALHEATING CIRCULATION PUMP
HNLO2260 etz o0 arain 5771141 [outtertyvve onso e 16 ouctie ron_[£Go (epom) s [na everoperated 4_[577.1141 FROM CENTRALHEATING CIRCULATION PUMP.
HNL0226: otz m [y 5771161 [outtertyvolve ones e 16 Ductie ron_[£G0 (evom) s [ everoperated & [577.1161 To AU A
HNL02262 eso1n2 o Yy 577.1173_[Butterty vave ones e o6 Ductie ron_|£G0 (ep0M) cassil__|na Leveroperated & [s77.073 Rom AR
HNL02263 otz o0 araia 5771181 [ourterty vove ones e onis ouctie ron_| G0 (epom) s |na everoperated s [577.1181 coNNECT UNE 116 AND 137
HNL02264 G112 o0 arain 5771291 [outtertyvve onzs e o6 ouctie ron_|£GO (epDw) s |na everoperated 5 _[577.1291 TO MEL HEAT RECOVERY
HNL02265 otz o0 s 5771301 [putterty vae onazs e onis ouctie ron_| G0 (£pom) Classil__|NA__[Types - Leveroperated 5 [577.1301 FROM MEL, HEAT RECOVERY
L0224 etz o0 arain 5771302 [outtertyvolve onzs e 16 ouctie ron_[£Go (pom) cossi__|na everoperated 5 [577.1302 10 Me2, eAT Recovey
HNL02267 a0tz o Yy 577.1311[Butterty vave oni2s ™ 16 ouctie ron_|£G0 (ep0M) cassil__|na Lovercperated 5 [577.1311 MEL, HEAT RECOVERY BYPASS
HNL02268 otz o0 araia 5771321 [outterty vale onazs e onis ouctie ron_[£Go (epom) s |na Leveroperated 5 [577.1321 FROM E2, HEAT ReCOVERY
HNL02269 otz o arain 5771331 [outtertyvove onzs g 16 ouctie ron_[£Go (epom) Coss i __[NA__[Typen - Leveroperates 5 [577.1331 we2, HeAT REcoveRY BYPASS
HNL02270 otz o0 Yy 577.1341 [Buttrty wave onizs e onis ouctie ron_|£G0 (£¢0M) cassi__|na Levercperated 5 [577.1341 T0 MES, HEAT RECOVERY
HNL02271 etz o0 arain 5771351 [outtertyvolve onzs e e ouctie ron_[ G0 (o) cossi__|na veroperated 5 [577.1351 FROMI MES, HEAT ReCOVERY
102272 a0tz o anaia 577.1352_[Butterty vave oni2s ™ o6 ouctie ron_|£GO (epDM) s | Loveroperated 5 [577.1352 0 M, HEAT RECOVERY
HNL02273 otz o0 aaia 5771361 [putterty v onazs e onis ouctie ron_|£Go (epom) s |na Leveroperated 5 [577.1361 MBS, HeAT REcoveRY BYPASS
HNL02274 eco112 o0 arnin 5771371 [outtertyvave onzs g o6 ouctie ron_[£Go (epom) Closs i |NA_[Typen = Leveroperated 5 [577.1371 FROM s, HEAT ReCOVERY
HNL02275 esor2 o Yy s77.0381 oni2s e onis ouctie ron_| GO (p0M) s |na Loveroperated 5 [577.1381 MEd, HEAT RECOVERY BYPASS
HNL02276 etz o0 arain 5771391 [outterty vve onzs e onis ouctie ron_[£Go (epom) s [na cvercperated 5 [577.1391 10 HOT WATER BOILER, OIL FRED
HNL02277 a0tz o [ 577.1401_Buttety vave on12s g 16 ouctie ron_|£Go (epDw) s |na Lever operated _[577.1401 BYPASS HOT WATER BOIER, OIL FIRED
HNL02278 esoti2 0 [y 577.1501 [outterty vave onso ™ i Ductie ron_|£GO (670 st |na = Lover operatea s 1501 70 BW SEPARATOR
102275 eso112 0 [Ty 577.1512 [outerty vave onso ™ i Ductie ron_|£GO (67D Coss i |na everoperated s 1512 FROVI BW SEPARATOR
HNL02806 G012 o [y 577.1152 [peserator Y Threaded 10 oronze | Famco Flemvent uper Class [ 1152 AUTO. AR VAL DEAERATOR
L0260 2563 Frese [y 5770112 e oni00 Fanged 16 G250 [Frese siow Cossil__|nA_[Flowa=e2man 1112 FROM FRESH WATER GENERATOR
VARD ACCscape [ VARD ACC scope [y s77.0172 ve ones Fangea 16 G11:250[Frese Optima Compaet Cass il |NA_[flowa=19.65ma/n 1172 FROVI ARU-1 ACCOMMADATION
VARD ACC scope [VARD ACC scope araTTvAG s17.1032 ve g Threaged o6 o2 brass__[Frese Optima Compact Coss il __|NA_[Flowa=158 mah 1332 FROVI AHU 2 WHEELHOUSE
VARD ACC scope [VARD ACC scope araTivic sr7.1262 e F¥73 Threaged 16 02 rass [ Frese Optima Compaet Class [ 1262 FROM AHU-3 GALLEY
HNLOS016 690892 FRESE BRATIVAG 577.1433 ve 1 Threaded PNIG OZR Brass | Frese SIGM) t Classi___[NA Nosign 4 )
HNLOS017 690852 Frese araTTviG 5771463 e I Threadea 16 o2 Brass [Frese siow y Closs 1 [na o sgn [577.18
HNL02607 662969 Frese [y s77.15110 ve onso Fanged 16 611250 [Frese SIGMA Compact Class i [na 511 FROM BW SEPARATOR
A% sRaTTvAG 577.1412_|Hose couping Female end o6 Caur Camiock Coss i |na NoSin [577.1412 HOSE COUPLING
FNL02255 Goi2 o [y 577.1101_[NR vave closabe onioo Fanged 16 Castiron [ Fig 1015950 Coss i |na RON FUY GENERATOR, HOT WATER CIRC. PUMP
ULATEC RO sraTTvAG 5771031 [presure retefvave e Threaded 10 Class 1 |NA_[Uimatec yro delve RAIN TO NEAREST BILGE WELL
ULATEC PrRO araTTvG 5771001 [presure relefvalve F¥73 Threadea 10 Class 1 __|NA_[Uimatec yro delve RAIN T NEAREST BILGE WELL
L2810 = o arain sr71032 g Threadea 16 Danfoss AvT Coss 1 [nA_[sensor o Nosign 1om BLG SETLTANKS2
HNL02817 etz m [y s771062 g Threagea o6 Danfoss AvT Coss i __[nA_Jsensor o No sign ROM UREATANKSS
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Pipe dimensions and losses

Highest point of elevation.

Section0 [ Sectioni | Sectonz | Section | _Section10_| _Section11_|__Section 11 ot side__| [ Sectionil | Setioniz | Sectonis |  Sectin3 |  Sectiond |  Sections | Section6 | Secton7 | Sectind |
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e ] o eS| S i
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soseprizshre| O e heter
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56t erdo et 1557
Preietvebi gt —
e
[EST— P —— v et et derymeees -
gt s e . i ey i
Heat loss calculation

Reducer/enlarger degree calculator

Here is 3 calculator to find the angle of a reducer/enlarger. The value is required to be en degrees in sf pressure
drop, however i

Unit Value
Smaller diamter (d,) mm 80
Larger diamter (d,) mm 125

Length in between (L)
Angle (w)

11




Pipe dimensions and losses

Branch 1 Hot side Branch 2 Cold side Bilge water seperator
Unit Value Value
Pipe diameter mm DN50 DN50 DN50
Inner diameter mm 51.3 51.3 51.3
External diameter mm 60.3 60.3 60.3
Bending radius mm 90.45 90.45 90.45
Fluid temperature cfTHotside80°¢] ~ Coldside60°]
Flow| m3/h 5.5 5.5 5.5
Length of pipes m 13.3 4.22

3x40deg, 7x90deg, 1x30deg,

Bends deg| 2x45deg, 2x50deg, 1x35deg

2xbutterfly valve Kv=115.7, 1xdynamic

Other losses (enlargements, valve contraction (50-25mm, 9deg)
contractions etc) deg| enlargement (25-50mm, 9deg) 0.21bar pressure drop

Heat loss calculation

Thickness of insulation |m 0.030 0.030 0.030
Outer radius r2 m 0.06015 0.06015 0.06015
Outer radius of piperl |m 0.03015 0.03015 0.03015
Innter radius r0 m 0.02565 0.02565 0.02565
Heat transfer rate k w/m2k 0.971 0.971 0.971
Ao*k [w/k] W/k 4.883 1.549 0.000
Cold side summary w/k 0.000 1.549 0.000
Hot side summary w/k 4.883 0.000 0.000




Pipe dimensions and losses

Branch 2 Hot side Branch 2 Cold side UREA Tank
Unit Value Value Value
Pipe diameter mm PT28 PT28 PT28
Inner diameter mm 25 25 25
External diameter mm 28 28 28
Bending radius mm 42 42 42
Fluid temperature [ HotSideB0'(  Cold side 60°C|
Flow m3/h 1.8 1.8 1.8
Length of pipes m 7 7 20
90degX16, 60degX1,
Bends deg 45degX3
Ball valve x3
Other losses (enlargements, contractions Selfacting temp. control valve x1
etc) deg| Dynamic regulating valve x1
Heat loss calculation
Thickness of insulation m 0.030 0.030 0.030
Outer radius r2 m 0.044 0.044 0.044
Outer radius of pipe rl m 0.014 0.014 0.014
Innter radius r0 m 0.0125 0.0125 0.0125
Heat transfer rate k w/m2k 0.806 0.806 0.806
Ao*k [w/k] W/k 1.561 1.561 4.459
Cold side summary w/k 0.000 1.561 0.000
Hot side summary w/k 1.561 0.000 0.000




Pipe dimensions and losses

Branch 3 Hot side | Branch Cold side Bilage settle
Unit Value Value Value
Pipe diameter mm PT28 PT28 PT18
Inner diameter mm 25 25 15.6
External diameter mm 28 28 18
Bending radius mm 42 42 27
Fluid temperature o[ IHGESide 0%  Cold side 60°C|
Flow m3/h 1.5 1.5 1.5
Length of pipes m 6 6 16
Bends deg 90deg x23
Ball valve x3
Selfacting temp. control
Other losses (enlargements, valve x1 Dynamic regulating
contractions etc) deg valve x1
Heat loss calculation
Thickness of insulation m 0.030 0.030 0.030
Outer radius r2 m 0.044 0.044 0.039
Outer radius of pipe r1 m 0.014 0.014 0.009
Innter radius r0 m 0.0125 0.0125 0.0078
Heat transfer rate k w/m2k 0.806 0.806 0.713
Ao*k [w/K] W/k 1.338 1.338 2.797
Cold side summary w/k 0.000 1.338 0.000
Hot side summary w/k 1.338 0.000 0.000




Pipe dimensions and losses

Branch 4 Hot side Branch 4 Cold side

Fresh Water Generator

Unit Value Value

Pipe diameter mm DN100 DN100 DN100|

Inner diameter mm 108.3 108.3 108.3

External diameter mm 117.3 117.3 117.3

Bending radius mm 175.95 175.95 175.95
Fluid temperature c°

Flow m3/h 66.2 67.2 66.2

Length of pipes m 18.88 21.8 16

14x90deg, 1x60deg, 1x45deg,
6x35deg, 2x25deg, 1x15deg,
1xSharp bend,

1xConnected pipe,

1xcheck valve,

1xdynamic valve,

Bends deg 3xbutterfly valve, 1x50deg, 1x90deg
Other losses Enlarger 80-100mm(6deg),
(enlargements, contractions Enlarger 100-125mm(6deg
etc) deg| Contraction 100-80mm(6deg) 0.2bar pressure drop

Heat loss calculation

Thickness of insulation |m 0.040 0.040 0.040
Outer radius r2 m 0.09865 0.09865 0.09865
Outer radius of piperl |m 0.05865 0.05865 0.05865
Innter radius r0 m 0.05415 0.05415 0.05415
Heat transfer rate k w/m2k 0.793 0.793 0.793
Ao*k [w/k] W/k 9.276 10.710 7.861
Cold side summary [w/k [ 0.000] 10.710] 0.000]
Hot side summary [w/k [ 9.276| 0.000] 0.000)]




Pipe dimensions and losses

Hot side Cold side Wheelhouse Room
Unit Value Value Value
Pipe diameter mm PT28 PT28 N/A
Inner diameter mm 25 25 #N/A
External diameter mm 28 28 #N/A
Bending radius mm 42 42 #N/A
Fiuid temperature [ EEEEE Godsde o]
Flow m3/h 1.94 1.94] 1.94]
Length of pipes m 17.5 17.5
AHU 2 har veldig liten flow og med stor
sansynlighet sma plastrgr, jeg foreslar|
derfor a neglisjere trykkfallet som fglge|
Gjetter at det er rundt av rgret og rgrbgyer her siden de ikke
Bends deg 90degX4, Inlet/outlet er modellert.
3 way valve(0.06 bar|
pressure drop), dynamic
Other losses (enlargements, valve DN25 High flow (0.2 Pressure drop in AHU 2= 0.376 bar
contractions etc) deg| bar pressure drop) (K_vs=10m3/h)

Heat loss calculation

Thickness of insulation |m 0.030 0.030
Outer radius r2 m 0.044 0.044
Outer radius of piperl [m 0.014 0.014
Innter radius r0 m 0.0125 0.0125
Heat transfer rate k w/m2k 0.806 0.806
Ao*k [w/k] W/k 3.902 3.902
Cold side y Tw/k 0.000] 3.902] 0.000
Hot side summary [w/k 3.902] 0.000] 0.000




Pipe dimensions and losses

Hot side Cold side Galley Room
Unit Value Value Value
Pipe diameter mm PT35 PT35 PT35
Inner diameter mm 32 32 32
External diameter mm 35 35 35
Bending radius mm 52.5 52.5 52.5
Flow m3/h 3.96 3.96
Fiid temperature [IReEEREO  Coldsideco]
Length of pipes m 17.5 17.5
Gjetter at det er rundt
Bends deg 90degX4, Inlet/outlet
3 way valve(0.05 bar
pressure drop), dynamic AHU 3 pressure drop=
Other losses (enlargements, valve DN32 (0.19 bar 0.015bar
contractions etc) deg pressure drop) K_vs=16m3/h)
Heat loss calculation
Thickness of insulation |m 0.030 0.030 0.030
Outer radius r2 m 0.0475 0.0475 0.0475
Outer radius of piperl |[m 0.0175 0.0175 0.0175
Innter radius r0 m 0.016 0.016 0.016
Heat transfer rate k w/m2k 0.855 0.855 0.855
Ao*k [w/k] W/k 4.466 4.466
Cold side summary [w/k [ 0.000] 4.466] 0.000
Hot side summary [w/k [ 4.466| 0.000] 0.000




Heatloss entire system

Heat loss [W]

4956]

Heat loss [kW]

4.96|

Main pipeline Ao*k [w/k] Outside temperature [°C] [Delta T [k] Heat loss [w]

Cold side 15.53 15 45 699
Hot side 23.78 15 65 1546
Branch 1 Ao*k [w/k]

Cold side 1.55 15 45 70
Hot side 4.88 15 65 317
Branch 2 Ao*k [w/k]

Cold side 1.56 15 45 70
Hot side 1.56 15 65 101
Branch 3 Ao*k [w/k]

Cold side 1.34 15 45 60
Hot side 1.34 15 65 87
Branch 4 Ao*k [w/k]

Cold side 10.71 15 45 482
Hot side 9.28 15 65 603
AHU2 Ao*k [w/k]

Cold side 3.90 15 45 176
Hot side 3.90 15 65 254
AHU3 Ac*k [w/k]

Cold side 4.47 15 45 201
Hot side 4.47 15 65 290
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Project: Bige water seperator

Pipe

e
cular
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olumn o 0 . : = 5 . s . ; o s 1 u 0
ow ey
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Project: Urea tank Ball valve trol valve Pipe urea tank Pipe. end, urea tank Bend, urea tank Bend, urea tank Connected pipes
Column nr. 1 2 = 4 O 7 8 9
1. Flow medium
Flow mdium Tater Twaer Water Water Twarer Water Twarer Water Twarer
ondition liquid liquid liquid liquid liquid liquid liquid liquid liquid
/olume flow m3/h 1 8| 18 1.8] 8| 1.8] 8| 18]
1ass flow kg/h 1796.76] 1796.76) 1796.76) 1796.76| 1796.76) 1796.76| 1796.76) 1796.76|
Volume flow branch pipe__[ma/h
[Density kg/m3. 998.2] 998.2| 998.2| 998.2| 998.2| 998.2|
[Oyn.visvos. 10-6 kg/ms 1002} 1002} 1002] 1002] 1002} 1002}
[Kin Viscos. 10-6 m2/s 1.003806852f 1.003806852] 1.003806852] 1,003806852] 1.003806852] 1,003806852] 1.003806852] 1,003806852]
[2- Additional data for gases.
Pressure (inlet, abs.) bar
Temperature (inlet) ‘c
Temperature (outlet) “c
Norm volume flow Nm3/h
. Element of pipe
Pipe identification [Ball valve Branch valve [Branch 2, Pipe urea tank [Pipe branch 2 [Bend, urea tank Bend, urea tank [Bend, urea tank [Section 2, sharp bends pipe
lement of pipe [Cock [Self acting temp. control valve jaly |circular circular Circular bend Circular bend Circular bend Branch fls
lumber 1] 1] 3] 1] 1)
imensions of element S1 Diameter of pipe D: 25.00 mm| Diameter of pipe D: 25.00 mm| Diameter of pipe D: 25.00 mm| _Diameter of pipe D: 25.00 mm|__Diameter of pipe D: 25.00 mm| _Diameter of pipe D: 25.00 mm| _Diameter of pipe D: 25.00 mm| _Diameter of pipe D: 25.00 mm| _Diameter of pipe D1: 79.90 mm}
“Angle w: 0.00 degree] “Angle w: 0.00 degree| “Angle w: 0.00 degree| Length of pipe L: 20.00 m| Length of pipe L: 14.00 m Radius R: 42.00 mm| Radius R: 42.00 mm| Radius R: 42.00 mm| _Diameter of pipe D2: 25.00 mm|
Angle w: 90.00 degree] Angle w: 45.00 degree| Angle w: 60.00 degree] Radius R: 0.00 mm|
Angle w: 90.00 degree|
Result of calculation
feloc.of flow m/s 1.018591636| 1.018591636)| 1.018591636)| 1018591636 1.018591636)| 1018591636 1.018591636)| 1018591636 151797501
ids nub 25368 21784 25368.21784 25368.21784 25368 21784 25368.21784 25368.21784 25368.21784 25368.21784 u—_‘oezs 235
/eloc.of flow 2 m/s. 1.018591636)
1ds number 2 7536821784
Tow forbuent forbuiont [arbutent [arbutent forbulent [orbutent forbutent [orbutent forbutent
bsolute roughness o : :
ipe friction number 0.035091118| 0.035091118] 0.035091118| 0.035091118 0.035091118|
Resistance coefficient 9 2807289458 19.6510262 0599595927 0374603152 07212273
Resistance Branch pipe i i
ress. drop branch.pipe. mbar
Pressure drop mbar of 0 1017590435 2444796396
Pressure drop bar q] 0.107890671] 201] 0.101759043) 0.002444756|
Sum Pressure drop bar 9 0107890671 0308890671 0556019776 0605658083 Oe11517474




Project: Bilge settle Dynamic regulating valve Self acting temp. control valve Ball valve Pipe Pipe big set! Bends, blg set! Connected pipes

Column nr. 1 2 3 (@) 4 (@] 5 6 IiF 12
1 Flow medium

Flow medium | Water Water Water Water Water Water Water

Condition | liquid liquid liquid liquid liquid liquid liquid

[Volume flow m3/h 15 15 15 15| 15 15 362
Mass flow 'Eh 1497.3] 1497.3] 1497.3] 1497.3] 1497.3] 1497.3] 36134.84]
[Volume flow branch.pipe __ |m3/h 15
Density lk_g/mB 998.2] 998.2) 998.2] 998.2] 998.2) 998.2) 998.2]
DynVisvos. 106 kg/ms 1002] 1002 1002] 1002 1002 1002] 1002]
Kin Viscos. [10-6 ma/s 1 _! 1 _! 1 _! _! 1 _! 1 _! _!
2. Additional data for gases |
Pressure (inlet, abs.) bar

Temperature (inlet) c

Temperature (outlet) c

Norm volume flow Nm3/h

3. Element of pipe

[

Diameter of pipe D: 25.00 mm|
Angle w: 0.00 degree

Angle w: 0.00 degree]

Angle w: 0.00 degree|

Length of pipe

Length of pipe L: 16.00 m|

Branch 3, self acting temp. control

Pipe identification Branch 3m dynamic regulating valve _|valve Branch 3, ball valve Pipe, branch 3 Pipe, blg setl Bends, big setl. section 1, sharp bends pipe
Element of pipe Dynamic regulating valve Self acting temp. control valve Ball valve circular circular Circular bend Branch flowing asunder

Number 1] 1] 3| 1] 23] 1]
Dimensions of element si Diameter of pipe : 25.00 mm| _Diameter of pipe D: ameter of pipe Diameter of pipe D Diameter of pipe D: 25.00 mm|

| | | | | | ‘Angle w: 90.00 degree|
[+ Result of calculation
Veloc.of flow m/s 0.848826363 0.848826363| 0.848826363 0.848826363 0.848826363| 0.848826363 2.005499831
Reynolds number 21140.18153 21140.18153 21140.18153 21140.18153| 21140.18153 21140.18153 159631.742]
Veloc.of flow 2. w/s 0848826363
Reynolds number 2 2114018153
Flow turbulent turbulent turbulent turbulent turbulent turbulent turbulent
|Absolute roughness mm 0.15] 0.15 0.15
Pipe friction number 0.035622616) 0.035622616, 0 |

16.67138428 22.79847423 020222368

Resistance coefficient 0f

coefficient branch.pipe

0.623804416
|

Press. drop branch.pipe mbar

Pressure drop mbar of 59.95107174] 8198437161 51.59428162

Pressure drop bar 0.0171 0.074924077| 0f 0.059951072 0.081984372| 0.051594282

Sum Pressure drop bar 0.0171 0.092024077| 0.092024077 0.151975149 0.23395952 0.285553802|
o E—Y EO— — 3 . v o z
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Project: Weelhouse

Column nr. ) 1 N 2 3 = 4 = 5 6
1. Flow medium
Flow medium [Water TWater Twater TWater TWater [Water
Condition liquid liquid liquid [liquid liquid [liquid
[Volume flow m3/h 1.94] 1.94] 1.94 1.94) 1.94 4]
| mass flow ke/h 1936.508] 1936.508] 1936.508 1936.508 1936.508 1936.508
[Volume flow branch.pipe m3/h
Density kg/m3 9982 998.2] 998.2] 998.2] 998.2] 998.2]

yn.Visvos. 10-6 kg/ms 1002) 1002 1002 1002]
Kin.Viscos. 10-6 m2/s 1.003806852] 1.0038068?' 1.003806852 1.003806852] 1.003806852
2. Additional data for gases
Pressure (inlet, abs.) bar
Temperature (inlet) c
Temperature (outlet) c
Norm volume flow Nm3/h
3. Element of pipe

Section 5 AHUZ (Manual
Pipe identification Pipe, brach 5 Bends Section 5 Inlet Section 5 3-Way valve (Manual Calculation) Section 5 Dynamic valve (Manual Calculation) Calculation)
Element of pipe circular Circular bend Sharp edged entrance Swing valve Swing valve Air Handling Unit 2
Number 1 1 1 1 1 1
Dimensions of element Bl Diameter of pipe D: 25.00 mm| _Diameter of pipe D: 25.00 rm| Diameter of pipe D: 25.00 mm Diameter of pipe D: 25.00 mm) Diameter of pipe D: 25.00 mm
Length of pipe L: 35.00 m| Radius R: 42.00 mm| Angle w: 0.00 degree| Angle w: 0.00 degree
Angle w: 90.00 degree|

The pipe entrance is:_sharp-edged

4. Result of calculation

Veloc.of flow m/s. 1.09781543] 1.09781543 1.09781543 1.09781543 1.09781543

Reynolds number 27341.30144] 27341.30144] 27341.30144 27341.30144] 27341.30144

Veloc.of flow 2 m/s

Reynolds number 2

Flow turbulent turbulent turbulent turbulent turbulent turbulent

[Absolute roughness mm 0.15 015

Pipe fiction number o uaassuﬁl 0.034894417]

Resistance coefficient 48.85218363) 0.590116387] 05 0| 0[Kvs=10m3/h

Resistance coefficient branch.pipe

Press. drop branch pipe mbar

Pressure drop mbar 293.853056 3.549636696| 3.0075734 60 200 376
Pressure drop bar 0.293853056) 0.003549637] 0.003007573) 0.06 02 0.376)
[Sum Pressure drop bar 0.293853056, 0.297402693) 0300410266, 0.360410266) 0560410266 [ Oio360266|




Project: Galley Pipe 90 deg bend Dynamic valve 3-way motor valve AH3
Column nr. O 1 N 2 = 3 = 4
1. Flow medium
Flow medium Water Water Water Water Water
Condition liquid liquid liquid liquid liquid
Volume flow m3/h 3.96 3.96 3.96 3.96 3.96
Mass flow kg/h 3952.872 3952.872 3952.872 3952.872 3952.872
Volume flow branch.pipe m3/h
Density kg/m3 998.2 998.2] 998.2] 998.2] 998.2
Dyn.Visvos. 10-6 kg/ms 1002 1002 1002 1002 1002
Kin.Viscos. 10-6 m2/s 1.003806852 1.003806852)] 1.003806852 1.003806852)] 1.003806852
2. Additional data for gases
Pressure (inlet, abs.) bar
Temperature (inlet) °C
Temperature (outlet) °C
Norm volume flow Nm3/h
3. Element of pipe
Pipe identification Pipe, branch 6 Bend Dynamic valve, Frese Sigma compact 3-way motor valve AH3
Element of pipe circular Circular bend Dynamic valve, Frese Sigma compact 3-way motor valve AH3
Number 1 4 1 1]
Dimensions of element S| Diameter of pipe D: 32.00 mm| Diameter of pipe D: 32.00 mm Diameter of pipe D: 32.00 mm| Diameter of pipe D: 32.00 mm Diameter of pipe D: 32.00 mm
Length of pipe L: 35.00 m Radius R: 52.50 mm
Angle w: 90.00 degree
4. Result of calculation
Veloc.of flow m/s 1.367737792 1.367737792] 1.367737792 1.367737792] 1.367737792
Reynolds number 43601.6244 43601.6244 43601.6244 43601.6244 43601.6244
Veloc.of flow 2 m/s
Reynolds number 2
Flow turbulent turbulent turbulent turbulent
Absolute roughness mm 0.15 0.15
Pipe friction number 0.031878247| 0.031878247|
Resistance coefficient 34.86683283 0.534489868 3.91 3.91 3.91
Resistance coefficient branch.pipe
Press. drop branch.pipe mbar
Pressure drop mbar 325.5410529 19.96147976
Pressure drop bar 0.325541053 0.01996148 0.19 0.05 0.015
Sum Pressure drop bar 0.325541053 0.345502533 0.535502533 0.585502533_




ive Pressure drop (bar) __[Flow m3/h

8 21.5]
0.13] 5.5)
0.61] 1.8
0.29 1.5]
1511 66.2]
0.94 1.94]
0.60 3.96)

One or more of the Nodes has a more severe Pressure drop than the main

pipeline

Column Comparison

Branch 1
Inlet Column

6
Outlet Column 40

Pressure through main pipe (bar) 135
Pressure through branching pipe (bar) __[0.13

Pressure through the main pipe has the most severe pressure drop

Column Comparison Tool

This is a ool to compare pressure through the main pipe
and the pressure through each branching pipe. Select the
inlet column in the dropdown menu, this is where the
branch leaves the main pipeline.

Then proceed to select the outlet column, this is where the
node returns. The tool then compares the pressure drop
from the fluid traveling through the main pipeline and from
traveling in the branch.

If the pressure in the main pipeline is most severe then the
ive pressure drop from the main pipeline can be

Branch 2
Inlet Column

6
Outlet Column 44

Pressure through main pipe (bar) 1.40
Pressure through branching pipe (bar) __[0.61

Pressure through the main pipe has the most severe pressure drop

Branch 3
Inlet Column

6
Outlet Column 46

Pressure through main pipe (bar) 1.41
Pressure through branching pipe (bar) __[0.29

Pressure through the main pipe has the most severe pressure drop

Branch 4
Inlet Column

62

Outlet Column

48

Pressure through main pipe (bar)

1.50

Pressure through branching pipe (bar)

151

Pressure through the branching pipe has the most severe pressure drop

Branch 5
Inlet Column

16
Outlet Column 30
Pressure through main pipe (bar) 113
Pressure through branching pipe (bar) __0.94

Pressure through the main pipe has the most severe pressure drop

Branch 6
Inlet Column

14
Outlet Column 33

Pressure through main pipe (bar) 118
Pressure through branching pipe (bar) __|0.60

Pressure through the main pipe has the most severe pressure drop

used.

Caution, outlet node is before inlet node
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Summary of the pump calculations cold weather

NB 32 125/01 Parallel

Constant flow system
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NB 32 125/01

[Power consumprion with satic:

Dynamic system

[Power consumprion with static:
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[Power consumption with
145
20
o)
[Power consumption scalng
factor (1) 033

[Power onsumprion with satic:

ystem xw] 0
[Power consumption with
140
300
o]
[Power consumption scalng
factor 1) 03]

system (xw] a0
[Power consurmption with
140
300]
lPowersaving potentil (] o]
[Power consumption salng
facor 31 0.32)

NB 32-160/02

[Annual enrgy demand static
I

xwhi 2138

[Annoal cnergy domand

[dynaric kwh) 07

Fuel consumption stti kg a0

[Fuel consumption aynamic

() 1523
NoK 8204

[Annaatfoe cost dynamic

ystom. NoK 202

[Annaal energy demand static

[Annual energy demand
[aynane ewh) 158
1012)
[Ful consumption dynamic
lkg) 324
NoK 181
[Annualfol cost dynamic
system. NoK s
lAnnuat savings NoK 1203

wni no

o evrey

vmami o) sow
2012

el carsumpton mamic

llke) 749.8)

i o cos st st o s

o et o mamc

e nox 9

\ -

Grundfos HYDRO MULTI-E 4

Potential savings in emissions

ssos.]

5897

This is the potential for savings by swiching from a
static flow system without throtteling to a
dynamic flow system, either with frequency
controllig or using just throttleing depending on
the pump curves were fit the the working points
or kept at a constant frequency.
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Summary of the pump calculations middle weather

NB 32 125/01 Parallel

Constant flow system

[Flow {m3/h) 2740
[Head {m) 19
3513)

[change of frequenzy ¢ 98]
[ftcency (%] e
a0

o o

Fiow [m3/h) 27.4)
[Head (m) 2
3513)

[change of frequenzy ¢ 8]
[Effciency %] 6%
s.40)

o o

[Flow {m3/h) 27.4)
[Head (m) 21|
3513)
[change of frequenzy ¢ o84
[ftciency (%) [
a0

NB 32 125/01

Dynamic system

[Fead required ]

[Frecuenzy (1/min]

[Change of frequenzy €
[Efficency (%]

NB 32-160/02

Pump power consumption saving

Fuel consumption

[Power consumption with [Annual energy demana
[Constant flow system (k] 0] Constant flow (k] 1387
[Power consumption with [Annual energy demand
121 ynamic (k) 381
Ful consumtion Constant
lPower saving{kw] 319 fow ke) 298|
Fueiconsumption dynamic
73%] (0 824
[Power consumption scaling [Annaalfoelcost Comstant
factor 1) 027 fow system NoK. 5380
[Annaalfoelcost dynamic
system. NoK. 1478
[Power consumption with
[Constant flow system (k] 40| savings NoK 3902
[Power consumption with
118
[Annual energy demand
lPower saving(kw] 32) Constant flow (kWi 3
[Anuat energy demand
3% aynamic fkwh) 8
[Power consumption scaling Ful consumption Constant
factor 1) 027 fow kg) 65
Fuclconsumption dynamic
(o 174
[Power consumption with [Annaal foelcost Comtant
[constant flow system (k] 0] flow system oK 1181
[Power consumption with [Annual foelcost dynamic
118 system. NoK 316
lPower saving{kw] 329 [Annuat savings Nok 85
wer saving potential [ 73%
[Power consumption scaling [Annual energy demand
factor 1) 0.27] Constant flow (ki) 753
[Anaal energy demand
aynamic (ki) 2018
Fuel consumption Constant
fow kel 15314
Fuelconsumption dynamic
(o 4102
[Annualfoelcost Constant
fiow system NoK 27569
[Annual foelcost dynamic
system. NoK. 7380
[annuatsavings oK. 2185
[nverage daily saving Nok 25
Total annua savings NoK 2952
Total annual fuel saving (kg 1386.]

Grundfos HYDRO MULTI-E 4

Potential savings in emissions

) a0aa.2]

4119

[Annual part matter emisions.
ike) 033)

This is the potential for savings by swiching from a
static flow system without throtteling to a
dynamic flow system, either with frequency
controllig or using just throttleing depending on
the pump curves were fit the the working points
or kept at a constant frequency.
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NB 32 125/01 Parallel

Constant flow system

Flow (m3/h) 2740
Head (m) 15
Frequenzy (1/min] 3513
|change of requenzy ¢ 98|
efticiency (%) 68|
4.40)

o o

Flow (m3/h)] 27.4)
Head (m) 27}
3513)

|change of requenzy ¢ 98|
effciency (%) 68|
4.40)

o o

Flow (m3/h] 27.4)
Head (m) 27
3513
|change of requenzy ¢ 98|
efticiency (%) 68|
4.40)

NB 32 125/01

Dynamic system

[Freauenzy (1/min)

Change of frequenzy C
Effciency %

y (6]
ower consumption (Kw]

Pump power consumption saving

Power consumption with
Constant flow system (k] 4.40]
[Power consumption with

k] .08
Power savinglkw) 33]
P 76%)
Power consumption scaling.
Jfactor (1] 024
Power consumption with
Constant flow system (k] a.40]
Power consumption with
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Power consumption with
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/h)
g [m]
1/min]

umption K]

Potential savings in
67875
Tkg) 68.97]
370)
2.4
[Annual pat matter emissions
() 055

This is the potential for savings by swiching from a
static flow system without throtteling to a
dynamic flow system, either with frequency
controllig or using just throttleing depending on
the pump curves were fit the the working points
or kept at a constant frequency.
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y of potential annual savings
from all weather conditions

Cold conditions

Middle conditions

Warm conditions

Total annual savings

Total annual savings NOK 35799 | NOK 24 952 | NOK 41 868 | NOK 102 619
Total annual fuel saving [kg] 1989 1386 2326 5701
Emissions
Annual Co2 emissions [kg] 5803 4045 6787 16636
Annual Nox emissions [kg] 59.0 41.1 69.0| 169.0]
Annual Co emissions [kg] 3.2 2.2 3.7 9.1
Annual HC emissions [kg] 1.8 1.3 2.1 5.2

Annual part matter emissions [kg]

Potential power saving [%]

0.6

1.4

|Distrobution throughout year

Potential power saving [%]

73% 75%) 72%
[Distrobution throughout year | 1%] 1%] 1% 3.5%)
Potential power saving [%] 68% 73% 75% 72%)|
|Distrobution throughout year [%] [ 30%| 20%| 32% 82%)

|Year|y distrobution check:

100%
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Summary of the pump calculations worst case

Dynamic system

NB 32 125/01 Parallel NB 32 125/01 NB 32-160/02 Grundfos HYDRO MULTI-E 4
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24.04.2023, 17:27 Grimsby weather data - Jupyter Notebook

In [22]:

#Beregning av 1 harbor 2020-2021

import pandas as pd

import numpy as np

import csv

import matplotlib.pyplot as plt

In [23]:

spreadsheet = pd.read_csv(r"\Users\sindr\Downloads\grimsby 2020-03-25 to 2021-03-24.csVv'

localhost:8888/notebooks/Grimsby weather data.ipynb 1/5



24.04.2023, 17:27 Grimsby weather data - Jupyter Notebook
In [26]:

file_name = r'C:\Users\sindr\Downloads\grimsby 2020-03-25 to 2021-03-24.csv'

temp_values = []

with open(file name, 'r') as csv_file:
csv_reader = csv.DictReader(csv_file)
for row in csv_reader:
temp_values.append(float(row[ 'temp']))

total_humidity = ©
num_rows = @

with open(file name, 'r') as csv_file:
csv_reader = csv.DictReader(csv_file)
for row in csv_reader:
# Adds the humidities to a list to find the average
total_humidity += float(row[ 'humidity'])

# Row count
num_rows += 1

average_humidity = total_humidity / num_rows

# Converts the column to a np.array
temp_array = np.array(temp_values)

# Upper and lower quartile and the average
lower_quartile = np.percentile(temp_array, 25)
upper_quartile = np.percentile(temp_array, 75)
average= np.percentile(temp_array, 50)

# Printing the results

print(f'Lower quartile (Q1): {lower_quartile}')
print(f'Upper quartile (Q3): {upper_quartile}')
print(f'Average temeprature {average}')

print(f'The average humidity is: {average_humidity}")

count_above 1225 = 0
count_below 885=0
num_rows=0

with open(file name, 'r') as csv_file:
csv_reader = csv.DictReader(csv_file)

for row in csv_reader:
# Check if the 'temp' value is above 12.25
if float(row['temp']) > 12.25:
# Counting the number of days
count_above_1225 += 1
# Check if the 'temp' value is above 12.25
if float(row['temp']) < 8.85:
# Counting the number of days
count_below 885 += 1

localhost:8888/notebooks/Grimsby weather data.ipynb 3/5



24.04.2023, 17:27 Grimsby weather data - Jupyter Notebook

# Counting the total number of rows
num_rows += 1

count_middle=num_rows-count_above_1225-count_below_ 885

# Printing the results

print(f'The number of warm days is: {count_above 1225}")

print(f'The number of cold days is: {count_below 885}')

print(f'The number of days in with middle temeprature: {count_middle}")

temp_column = spreadsheet['temp']

#Creating a plot of the temperatures

plt.figure(figsize=(10, 6)) #Size of figure

plt.hist(temp_column, bins=20, color='skyblue', edgecolor="'black")
plt.xlabel('Temperature (°C)")

plt.ylabel( 'Number of days')

plt.title('Distribution of temeperatures Grimsby')

plt.show() # Display the chart

Lower quartile (Q1): 6.4

Upper quartile (Q3): 14.4

Average temeprature 10.0

The average humidity is: 81.30082191780815

The number of warm days is: 135

The number of cold days is: 148

The number of days in with middle temeprature: 82

Distribution of temeperatures Grimsby

35 A

25 1

20

Number of days

15~

10 1

0 5 10 15 20
TEemperature (°C)

In [ ]:

localhost:8888/notebooks/Grimsby weather data.ipynb 4/5
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24.04.2023, 17:31 North sea weather data - Jupyter Notebook

In [9]:

#Weather data at the North Sea outside of Grimsby 2020-2021

import pandas as pd

import numpy as np

import csv

import matplotlib.pyplot as plt

In [10]:

spreadsheet = pd.read_csv(r"\Users\sindr\Downloads\53.928223 0.571587 2020-03-25 to 2021

In [ ]:

localhost:8888/notebooks/North sea weather data.ipynb 1/5



24.04.2023, 17:31

In [11]:

file_name = r'C:\Users\sindr\Downloads\53.928223 0.571587 2020-03-25 to 2021-03-24.csv'

temp_values = []

with open(file name, 'r') as csv_file:

csv_

for

reader = csv.DictReader(csv_file)

row in csv_reader:
# Adds the values in temp to a Llist
temp_values.append(float(row[ 'temp']))

total_humidity = ©
num_rows = 0

with open(file_name, 'r') as csv_file:
csv_reader = csv.DictReader(csv_file)

# Calculates the average humidity

for

row in csv_reader:
total humidity += float(row[ 'humidity'])

# Total number of elements
num_rows += 1

# Calculate the average humidity
average_humidity = total_humidity / num_rows

# Convert the temp column to a numpy array
temp_array = np.array(temp_values)

# Calculating the upper and lower quartile
lower_quartile = np.percentile(temp_array, 25)
upper_quartile = np.percentile(temp_array, 75)
average= np.percentile(temp_array, 50)

# Printing the results

print(f'
print(f'
print(f'

print(f'The average humidity is: {average_humidity}")

Lower quartile (Q1): {lower_quartile}')
Upper quartile (Q3): {upper_quartile}')
Average temeprature {average}')

count_above_1225 = 0
count_below_885=0
num_rows=0

with open(file_name, 'r') as csv_file:
csv_reader = csv.DictReader(csv_file)

for

row in csv_reader:
# Check if the 'temp' value 1is above 12.25
if float(row[ 'temp']) > 12.25:
# Counts the number of elements
count_above 1225 += 1
# Check if the 'temp' value 1is above 12.25
if float(row['temp']) < 8.85:

localhost:8888/notebooks/North sea weather data.ipynb
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24.04.2023, 17:31 North sea weather data - Jupyter Notebook

# Counts the number of elements
count_below 885 += 1

# Total number of elements
num_rows += 1

count_middle=num_rows-count_above_1225-count_below_ 885
# Print the result

print(f'The number of warm days is: {count_above_1225}")
print(f'The number of cold days is: {count_below_885}")

print(f'The number of days in with middle temeprature: {count_middle}')

temp_column = spreadsheet['temp']

#Creating a plot of the temperatures
plt.figure(figsize=(10, 6)) #Size of figure

plt.hist(temp_column, bins=20, color='skyblue', edgecolor='black")

plt.xlabel('Temperature (°C)")
plt.ylabel('Number of days')
plt.title('Distribution of temperatures at sea')
plt.show() # Display the chart

Lower quartile (Q1): 7.2

Upper quartile (Q3): 14.0

Average temeprature 10.5

The average humidity is: 80.73863013698632

The number of warm days is: 144

The number of cold days is: 136

The number of days in with middle temeprature: 85

Distribution of temperatures at sea

35 1

25 1

20 1

Number of days

15 1

10 1

0 5 10 15
TEmperature (°C)

In [ ]:

localhost:8888/notebooks/North sea weather data.ipynb
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Company name: Grundfos
Created by:

GRUNDEOS O ™

Date: 14/04/2023

Qty.

Description

HYDRO MULTI-E 4 CRIE 10-3

Note! Product picture may differ from actual product

Product No.: 98486782

GRUNDFOS Hydro Multi-E booster sets are designed for the transfer and pressure boosting of clean water in
waterworks, blocks of flats, hotels, industry, hospitals, schools, etc.

GRUNDFOS Hydro Multi-E booster set consists of 2 to 4 CRIE pumps coupled in parallel and mounted on a common
base frame provided with all the necessary fittings.

Hydro Multi-E is mounted on a common base frame made of stainless steel (DIN W.-Nr. 1.4301).
On the suction side are fitted a suction manifold (DIN W.-Nr.

1.4401 or DIN W.-Nr.

1.4571) , a pressure switch mounted on a drainable valve and an isolating valve.

On the discharge side of the pumps are fitted a non-return valve, an isolating valve, a pressure gauge, two pressure
transmitters mounted on a drainable valve a diaphragm tank and a stainless steel discharge manifold (DIN W.-Nr.

1.4401 or DIN W.-Nr.
1.4571).
The Hydro Multi-E is fitted with an on/off-switch for the supply voltage.

The Hydro Multi-E is designed for maintaining a constant pressure regardless of flow changes and fluctuation.

The internal Pl-controller regulates the number of running pumps and the speed of the pumps according to the
required flow.

The system can be operated directly on the panel of any of the pumps or via Grundfos GO (available as accessory)

Besides the system features:

2 Digital outputs

2 Digital inputs (one used for dry run protection)

2 Analogue inputs (one used for discharge pressure sensor)
Multi-Master functionality

2 Limit functions

Set-point influence function

Pipe filling function

High efficient PM motors

Available communication protocols:
LON

*Profibus

*Modbus

*SMS/GSM/GPRS

*GRM

*BACnet

*BACnet IP

*Modbus TCP

*PROFINET

Printed from Grundfos Product Centre [2023.14.005]
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GRUNDEOS %

Company name:
Created by:
Phone:

Date:

Grundfos

14/04/2023

Qty.

Description

When delivered, the GRUNDFOS Hydro Multi-E booster set is factory tested and ready for operation.

Liquid:

Pumped liquid:

Liquid temperature range:
Selected liquid temperature:
Density:

Kinematic viscosity:

Technical:
Max flow:

Materials:
Pump housing:

Installation:

Maximum operating pressure:

Vann
5..60°C
20 °C
998.2 kg/m?
1 mm2/s

62.8 m*h

Stainless steel

10 bar

Maximum permissible inlet pressure: PN 10 bar

Flange standard:
Manifold inlet:
Manifold outlet:

Electrical data:

|IE Efficiency class:

Power (P2) main pump:
Mains frequency:

Rated voltage:

Rated current:

Start. method:

Enclosure class (IEC 34-5):

Tank:
Volume of pressure tank:
Diaphragm tank:

Others:

Net weight:
Gross weight:
Shipping volume:
Language:
Country of origin:
Custom tariff no.:

DIN2642
DN 80
DN 80

IE5

2.2 kW
50/60 Hz
3x380-415V
16.1 A
electronically
IP54

81
Yes

268 kg
284 kg
0.8 m
GB

DE
84137075

Printed from Grundfos Product Centre [2023.14.005]
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Company name: Grundfos

N Created by:
Ph :
GRUNDFOS »\
Date: 14/04/2023

98486782 HYDRO MULTI-E 4 CRIE 10-3 50 Hz

H ‘HYDRO MULTI-E 4 CRIE 10-3, 50Hz | eta
[m] [%]
454 100 %

40 4

90 %
35
30
80 %
254 \ 100
70 %
204 180
160
40
20
T T T T T T T T T T T T T
5 10 15 20 25 30 35 40 45 50 55 60 Q [m3/h]
Losses in fittings and valves not included
Pumped liquid = Vann
Liquid temperature during operation = 20 °C
Density = 998.2 kg/m?

P NPSH
(kW] [m]
8+ P1 (motor+freg.converter) -20

P2
15
10
/ -5
0
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Company name: Grundfos

N Created by:
Ph :
GRUNDFOS »\
Date: 14/04/2023

98486782 HYDRO MULTI-E 4 CRIE 10-3 50 Hz

cos phi [HYDRO MULTI-E 4 CRIE 10-3 2.2 kW 3*400 V ‘ I

eta [A]
eta
0.84 4.0
0.64 3.0
0.4 4 2.0
0.2 L1.0
00 T T T T T T T T T T T T T T T T T T T T T T T 00
0 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 P2 [kW]
n P1
[rom] kW]

3000

2000

1000

n =100 %
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Company name: Grundfos

N Created by:
Ph :
GRUNDFOS »\
Date: 14/04/2023

98486782 HYDRO MULTI-E 4 CRIE 10-3 50 Hz

1423

6€.

Note! All units are in [mm] unless others are stated.
Disclaimer: This simplified dimensional drawing does not show all details.

Printed from Grundfos Product Centre [2023.14.005] 5/5



Central Heating System Design

A.16 Data Sheet Allweiler pump

145



Quotation / Offer No.
‘ Charact. curves
CIRCOR | ALLWEILER NB 32-125/01 Project ID
Charact. curvesacc. DIN EN I1SO 9906:2013.03 3B Item:
Minmum capacity at continous operation: Qmin = 0.1 * Qopt Pos.No:
Attention! At temperature t <-10°C please note materials! Created by Date
2023-02-23
Power data referred to: Water, pure
Q H P Vis Temp Density rated Torque Speed
1) 18,00 m*/h 30,00 m 2,41 kW 0,3 mm?/s 85,0°C 0,97 kg/dm® 6,7 Nm .
2) 3420 1/min
NPSH-value without safety margins
Head
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(]
36

N N N w
o £ oo} N

T I T I O Y Y T ) S O A I MO M

-
(o)

12+

I
—_

800 1/min

Shaft power P2

//1’29 (P2)

_—

NPSH-values 29

N W

—

o

T BB A I A R A

El
|

o]

N
T I T R R RO BRI
3

ey EMeeney — 499

40

59,1 %

20

T
0 4 8 12 16 20 24 28 32 36 40

[meh]

Flow

V4.0.6 Curve number: 03201125 0135 3B Page 1
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Quotation / Offer No.
Charact. curves
CIRCOR ALLWEILER Proioct ID
NB 32-125/01 e
Charact. curvesacc. DIN EN I1SO 9906:2013.03 3B Item:
Minmum capacity at continous operation: Qmin = 0.1 * Qopt Pos.No:
Attention! At temperature t <-10°C please note materials! Created by Date
2023-02-23
Power data referred to: Water, pure
Q H P Vis Temp Density rated Torque Speed
1) 18,00 m*/h 30,00 m 2,41 kW 0,3 mm?/s 85,0°C 0,97 kg/dm® 6,7 Nm .
2) 3420 1/min
NPSH-value without safety margins
1Head
[m]]
40-
i 0%100°
36 5%
] 6%
32-
] 61% 130m
28- 619F 58,6% \
] \ ~N
24 5% ~
20 619% %O 1/min
i 129 [2]
16 .
i 3000 1/min
i 0,
12i o1 \
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8-
] 1%
] 1800 1/min
47
0 B
1Shaft power P2 129 [2] (P2
ey | Shaftp — 21(P2)
——— 483KV
{NPSH-values 1292
[m] [2]
6
44
2— 1,9m
Efficiency —_— - 59.1 %
— g9 [2]
04 ' 36 nh
T\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 [m3¥n]
Flow
V4.0.6 Curve number: 03201125 0135 3B Page 2
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CIRCOR ALLWEILER

Charact. curves

NB 32-160/02

Quotation / Offer No.

Project ID

Charact. curvesacc. DIN EN ISO 9906:2013.03 3B
Minmum capacity at continous operation: Qmin = 0.1 * Qopt
Attention! At temperature t <-10°C please note materials!

Item:
Pos.No:

Created by

Power data referred to: Water, pure

H P Vis
34,52m 2,85kwW 0,3 mm?/s

Q Temp
1) 19,31 m?h 85,0°C

2

Date
2023-02-23

Density
0,97 kg/dm?®

rated Torque
10,3Nm

Speed
2640 1/min

NPSH-value without safety margins
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V4.0.6 Curve number: 032 02160 0135 3B
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