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The purpose of the study is to research and evaluate possibilities to utilize the standard
auxiliaries for Sumitomo SHI FW Oy’s BFB boiler fleet and modularize the auxiliar part’s
design as far as possible to gain universal fitting of the device through the specific BFB
product range.

Designing the boiler from standardized point of view, so that the same auxiliar equipment
like pumps, fans, valves etc. could be fitted with different boiler structure through the boiler
range, the production efficiency would be improved. Especially standardization and utilizing
the modular structure, the design- and documentation work will be reduced. Because design
work plays a big role of the manufacturing costs, even the smaller changes to design can end
up to something bigger and more expensive solutions.

In the ideal case, device’s performance and physical measurements would be suitable for
different purposes and different standard boiler products. However the boiler design needs
to take account many different variables, like available fuel, needed performance, site
condition, electrical requirement, emission limits etc. which will set different needs for
devices and make universally fitting principle more complex.

This study focuses on defining the possible auxiliaries, which would be beneficial to
standardize and search the possibilities to modularize the boiler design for utilizing the
standard parts. Study takes account the possible limits which are set for needed auxiliaries
of BFB-boilers from Sumitomo SHI FW Oy’s Standard BFB-boiler fleet.
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Tyon tarkoituksena on tutkia ja arvioida BFB-kattilan mahdollisuuksia hyddyntaa
modularisoitua rakennetta ja standardisoituja apulaitteita Sumitomo SHI FW Qy:n standardi
BFB-Kkattila tuoteperheessa.

Hyoddyntamalla standardoitua rakennetta siten, ettd samoja apulaitteiston komponentteja
kuten pumppuja, puhaltimia, venttiileja ym. voitaisiin hyédyntdd eri BFB-
kattilakokonaisuuksissa,  saavutettaisiin ~ sddstdjd muunmuassa  suunnittelu  ja
laitedokumentoinnin  osa-alueilla.  Koska  suunnitteluty6llda on iso  vaikutus
valmistuskustannuksiin, niin useasti pienikin muutos suunnittelussa voi johtaa suuriin
muutoksiin valmistusprosessin loppuvaiheessa ja siksi standardisointi tuo etua ja saastoa
voimalaitoksen suunnittelun ja toetutuksen vaiheisiin. Esimerkiksi muutoksista ja
eroavaisuuksista johtuva tapaus- ja laitekohtainen dokumentointi aiheuttaa paljon kuluja
verrattaen tapaukseen, jossa samaa laitedokumentointia voitaisiin hyddyntdd myos osana
toista laitekokonaisuutta/projektia.

Ihannetapauksessa apulaitteiden suorituskyky ja fyysiset mitat sopisivat eri kattilakonseptien
ja olosuhteiden kanssa yhteen ja kaytettdvien apulaiteiden valikoima yksinkertaistuisi.
Kattilan suunnittelussa on kuitenkin otettava huomioon useta eri muuttujia, kuten saatavilla
oleva polttoaine, haluttu hoyrytehon tuotto, voimalaitoksen sijainnin vaikutukset, sahkon
saanti, asetetut pééstorajat jne., jotka asettavat erilaisia tapauskohtaisia vaatimuksia
laitteistolle ja véhentdvét ndin ollen apulaitteiden yleista sopivuutta.
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Abbreviations

ANSI

ASME

BFB

CFB

DPM

ECO

EN

EPC

FEED

FB

HVAC

IEC
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JT

LAES

LB

MFD
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SES

American National Standards Institute
American Society of Mechanical Engineers
Bubbling Fluidized Bed

Circulating Fluidized Bed

Design Property Matrix
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European Norm

Engineering Procurement and Construction
Front End Engineering and Design

Fixed Bed

Heating, Ventilation and Airconditioning
International Electrotechnical Commission
International Organization for Standardization
Just In Time

Liquid Air Energy Storage

Load Burner

Modular Function Deployment

Pressure Equipment Directive

Refuse Derived Fuel

Finnish Standards Association



SRF Solid Recovered Fuel
SUB Start-Up Burner
TPS Toyota Production System

MWth Mega Watt thermal (thermal power unit)
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1 Introduction

This master’s thesis has been done for Sumitomo SHI FW Energia Oy. Master’s thesis
worker has been working in the company 5-years so far and entered in the company in the
end of 2017 as a Mechanical Design Engineer. When subject for the Masters’ thesis was
found inside the company, worker’s title and work tasks was also updated to Performance
Engineer. During the regular daily work in Sumitomo, writer has performed his studies
simultaneously in master’s programme in Energy Systems at LUT University. Worker has
previously published a bachelor’s thesis for Savonia University of Applied Sciences in 2014
concerning Annual Shutdown Inspection Planning For BFB-Boiler. That background has
handed not only a strong understand about BFB-working principle, -technology, needed
device and boilers performance but also fed curiosity to study more about boiler- and energy
technology.

In this Masters’ thesis the work handles Sumitomo SHI FW Energia Oy’s BFB boiler’s
design and manufacturing process improvement evaluation by studying possibilities to
standardize the BFB boiler auxiliaries and utilize more modularized structure in boiler
design. Because this study is concentrated for BFB-boiler auxiliaries of specific boiler
product range of Sumitomo SHI FW Energia Oy’s (later SFW Oy) delivery chain, there are
no straight comparable results available when this work is written.

Need for the work occurred in the company when plans of Sumitomo’s returning in to BFB
market was introduced in 2021 and new Standard BFB Boiler concept structure was
developed to be the main product for re-entering in the BFB-business. This new Standard
Multifuel BFB concept “fleet” has already designed from the standard/modular point of
view, and it is expected to gain advantages for example from manufacturability-, design

work-, documentation work-, serviceability-, and material selection fields.

This study analyses- and search the possibilities to enhance the BFB boiler products’
structure- and BFB-boiler production cost efficiency through the Clean BFB-product range
with standardization and modularization. Study is focused for the boiler’s auxiliaries and has
been limited to concern mainly for start-up burners. Work will though introduce also
important viewpoints, facts, and continuation possibility, from other auxiliaries as well for

making the work possible to be utilized possible later incoming extended evaluations. This



way this work itself is executed also in modular point of view and can be seen as a part of
the modular design of Standardized BFB-boiler fleet.

This work is seen important and needed to be done, because normally boiler design has been
executed more case specifically and therefore design has contained a lot of tailored fittings
and unique design solutions which might be easily improved. Previously in the boiler design
process there are already used reference cases, design guides, manufacturing standards etc.,

but still potential for deeper modularization and standardization structure exists.

One another major initiatives for this work has been the company’s willingness to response
customer’s needs and desires better by providing more flexible but fixed products, which
would require less specific design to execute. It also has been seen that in some cases the
customer will have their special requirements for certain device selections or preferred
supplier of the devices, material provider, etc. Those aspects might bring the challenges to
execute the case and possible increases the overall expenses and especially “hidden”
expenses, which could have been minimized or completely avoided with modularization and

standardization in design.

Example cases which are also the base of this work can be found from both, in internal
decision making and customers’ decision-making sides. Those cases share the same ideology
where some minor savings are seen to be achieved easily by choosing only “a bit” different
device from different provider or markets. These fine modifications are easily predicted to
affect only a little to design, but in the reality, affect may end up to being much bigger. These
“hidden” extra costs are normally caused by extra documentation and fitting issues which

requires re-design of the system or interconnection between the device and system.

For this work there are held several meetings with specialists inside the Sumitomo SHI FW
R&D-department and manufacturing-department for main design parameters, auxiliar
device selection principles etc., and meetings with Hilti Oy’s specialists: Jere Venaldinen
and Mikko Vesterinen to discuss modular structure in industrial fastening, piping, and cable

routing solutions.

Work introduces (keywords): Sumitomo SHI FW OY company, BFB-Boiler, BFB boiler

working principle, BFB-boiler auxiliaries, product modularization and -standardization.



2 Sumitomo SHI FW Oy

Sumitomo SHI FW Oy is globally operating sustainable energy solutions provider company,
which one of the key interests are to provide energy-, decarbonization- and long-term energy
storage solutions etc. for the global market. Sumitomo’s main product has been Circulating
Fluidized Bed (CFB)-boilers, with which nearly 50% of worlds CFB boilers in operation are
covered. Company’s business direction is anyway following the markets which are now
moving towards sustainable energy solutions, like Waste to Energy and Carbon Capture.
Moreover Sumitomo SHI FW’s product range contains for example: CFB scrubbers, Fluid
bed gasifiers, Metallurgical waste heat boilers (WHB) and as one of the newest products:
liquid air energy storage (LAES), etc. Sumitomo SHI FW is also returning in to BFB market
with completely new Standard SFW Multifuel BFB fleet at the moment when this work is

written and for that product this work is also pointed to.

Sumitomo SHI FW Energia Oy also provides maintenance works and upgrade solutions for
boilers and plant. Moreover maintenance-, upgrade-, fuel change- etc. solutions are
important part of the company’s products and is taken care by SHI FW Energia Oy’s service
operation unit. Service department has a strong share of Sumitomo’s business, and it has
been continuously an important part of the SFW’s overall operation and product. (SFW
brochure 2022)

2.1 History

Sumitomo SHI FW Energia Oy’s roots reaches far away in the history of the energy sector
when the company was firstly known as a Foster Wheeler Oy. The company started its’
boiler business with Ahlstrom Oy’s Pyroflow-boiler product which Foster Wheeler acquired
completely in 1995, after Pyroflow technology’s capability was impressed the market.

Sumitomo Heavy Industries although was founded in year 1888 in Japan, and it was founded
to manufacture and repair mining tools and equipment. Sumitomo acquired boiler business

from previously known Amec Foster Wheeler in 2017 and boiler business are now known



as a Sumitomo SHI FW Energia Oy. Company respects its’ history and therefore has

maintain “FW” letters in company’s logo which is introduced in image 1.

&©» Sumitomo

SHI/FW

Image 1. SFW logo (SFW 2022, SFW Marketing material)

Key points from the history:

- In year 1927 Foster Wheeler was founded in United States when two companies
Foster’s family company and Wheeler’s family company were merged. Fosters
family company was into Power Speciality company and Wheelers family company

was focused on condenser and engineering field of expertise.

- In 1940’s Foster Wheeler introduced first commercial utility and industrial boilers

and that started the boiler production of this company’s history.

- In 1969 Sumitomo Heavy Industries Ltd. was established when Sumitomo Heavy
Industries joined with Uraga Heavy Industries Ltd. and together established two
large-scale plants, recently known Yokosuka Works and Sajo Works.

- In 1995 Foster Wheeler acquires power boiler business from Ahlstrom Pyropower

- In 2014 British multifunctional company AMEC and Foster Wheeler combines and

created Amec Foster Wheeler

- 2017 Sumitomo SHI FW Energia Oy is established when Sumitomo SHI acquires

Amec Foster Wheeler’s fluidized bed business.

(SHIFW introduction, 2022)



2.2 Operation and location

Sumitomo SHI FW’s operation is global, and Sumitomo has around 1 800 employees
working in 14 different countries which of them around 400 employees are working in
Finland. In the figure 2. there are pointed the locations of all Sumitomo’s offices, workshops,
service centres around the globe.

Our Global Network
Espoo, Finland
Varkaus, Finland ;
Sosnowiec, Poland
Warsaw, Poland
Norrképing, Sweden
Krefeld, Germany
Clinton, NJ, USA
Shanghai, China
Bangkok, Thailand
Chonburi, Thailand
Hanoi, Vietham
Seoul, South Korea
Makati City, Philippines
Jakarta, Indonesia
Niihama, Japan

Tokyo, Japan

YY X V¥Y V¥V I¥YYYREYVYREYY

Image 2. Sumitomo SHI office locations (SFW 2022, Company Brochure)

Locations to highlight out from the map (for this work) are:
- Sumitomo SHI Ltd. headquarter in Tokyo, Japan
- Material laboratory, Service and (R&D) Department in Varkaus, Finland

- Sumitomo SHI FW Energia Oy office in Espoo, Finland and Sosnowiec, Poland



3 Bubbling Fluidized Bed (BFB) boiler

Fluidized Bed technology development started already in 1922 when coal gasification
principle was patented by German chemist Fritz Winkler (Vakkilainen, 2017). Winkler’s
gasification units were located near lignite mines in Germany and there where approximately
40 units in operation between 1926 and 1975. (Leckner B. 2022)

Illustration of gasifier type, based on Winkler’s principle from 1930°s is presented in the

image 3. which has some familiar technical solution as we also recognise these days.

Pre-dried [

brown coal |
R O./Steam
N
Rotating . e
screw \ \ ©06o00
, 2\ -+ ¥ Rotating
Fan for air : arm for ash
or oxyge/n removal
/ Steam

7777777277200 277 27707272007 27 27 7 e

Image 3. Early version of Gasification unit from 1930’s (Leckner, B. 2022)



Later the Fluidized Bed technology has been developed and can be now divided for two
main working principal categories: Circulating Fluidized Bed (CFB) and Bubbling Fluidized
Bed (BFB). Both share same benefits of the fluidizing technology but have slightly different
working principles, for example different bed material circulation and fluidization velocities.
Difference of bed material behaviour is visible in the image 4, where Fixed Bed, Bubbling

Fluidized Bed and Circulating Fluidized Bed is seated next to each other.

In the image 4. can be seen that in the Fixed Bed (FB), the bed material stand still, in the
Bubbling Fluidized Bed (BFB) higher airflow velocity makes bed sand to fluidize, and in
the Circulation Fluidized Bed (CFB) airflow velocity is so high that flow makes bed material

to circulate up from the furnace bed, through the separator and back into the boiler.

Fluidization air velocities in these technologies are roughly: below fluidization velocity in
Fixed Bed, (approx. 1,1 m/s), (approx. 2,5 m/s) in Bubbling Fluidized Bed and around 4,0
m/s — 5,5 m/s in Circulating Fluidized Bed. (SHI FW, 2008)

FLUIDIZED BED COMBUSTION

| Flue gas . | Flue gas
E|'I> ; - I

t Air ﬁ Air L Air

FIXED BED BUBBLING FLUIDIZED CIRCULATING FLUIDIZED
BED BED

Boilersinfo

Image 4. Fluidized Bed Combustion FBC Boiler types (Boilersinfo 2018, Fluidized Bed
Combustion FBC Boiler)
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Fluidized Bed boiler typical layout based on CFB technology is introduced in image 5 and

typical boiler layout for BFB principle is introduced later in the image 6.

Image 5. Modern CFB Boiler design (Vakkilainen E. 2017)

In the picture 5 can be seen the flue gas / bed material separator right next to the furnace
(cone shaped design) which is the major design difference between BFB and CFB
technology. Separator’s purpose is to separate ped material particles from the flue gas with
circular cyclone flow which is caused by cyclone design. Cyclone makes flue gas to circulate
in the cyclone where particles are separated and fall in the bottom of the separator and “bed-

material particle free” flue gas continues to the next pass of the boiler.

Whereas in the image 6. BFB boiler’s flue gas flow path can be seen much simpler because
separator is not needed in the BFB boiler design for lower fluidization air velocity where

ped-material particles stay in bed area without travelling withing the gas flow.
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Image 6. BFB Boiler design (SFW introduction material. 2022)

Popularity of fluidized bed technology is based on its ability to utilize wide fuel range with
wide quality- and moisture content deviation. Fuel flexibility is achieved with effective
Fluidized Bed technology’s emission handling capability where low NOx and Sulphur
emission levels can be reached for relatively low furnace temperature (for NOx emission)
and with introducing Calcium carbonate straight into the furnace (for Sulfur emission).
Fuel’s moisture content variation is managed in the fluidized bed technology, where huge
energy inventory what is stored in the huge mass of the bed material ensure the temperature
level to be high enough even when the fuel moisture variates. This energy inventory enables
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fuel particles to be volatilized efficiently even with higher fuel moisture content.
(Vakkilainen, 2017)

For practical point of view the already introduced BFB boilers’ fuel flexibility and energy
production flexibility makes BFB- boiler technology very versatile to be fitted together with
other energy production methods. BFB-boiler fits well for example together with the pulp
manufacturing plant where the fuel can be for example bark and other wood residues which
are formed from the wood handling. BFB-boilers fits also good with wind and solar energy
production systems, where solid back-up energy production is needed to cover the

uncertainty of wind- and solar energy production. (Sumitomo Heavy Industries Ltd., 2022)

3.1 BFB Boiler working principal

Like previously different fluidization principles where introduced, the Bubbling Fluidized
Bed boiler operation is based on bubbling bed material (bed sand) and its huge energy
inventory, which is stored into the mass of bed sand, like in other fluidization technology
also. Bed sand is then fluidized with primary air which is introduced into the boiler through
the grid nozzles underneath the grid. Primary airflow velocity is usually around 1,1 m/s —
2,5 m/s which makes bed sand to fluidized state but not to circulate. The fluidized bed
material looks like boiling water and there is the name Bubbling fluidized bed came from.
(SHI FW.2022)

Bed material bubbling is shown in the picture 7. which is taken through the sight class
opening of the BFB boiler. During the normal operation of the boiler, the bed thickness is
kept in constant and bed material is continuously replaced to extract the debris of the bed
material and possible agglomerations. In the picture 7 there are also visible the refractory

construction which protects the furnace’s wall tubes to wear for “the sand blast condition”.

For the start of the boiler, the bed material is heated up with the start-up burners before the

solid fuel can be introduced in the furnace.
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Picture 7. Bubbling bed sand (Sorsa. 2014)

When the bed temperature is high enough the solid fuel can be then fed into the furnace
through the fuel feeding chutes. When fuel particles meet the hot fluidized bed material, the
particles are volatilized by heat of the bed material and volatilized. Volatiles are then burned
in the middle part of the boiler. (Boilersinfo. 2018)

Un-burned material (mainly ash) from the fuel, either drops through the bed and is removed
from the furnace with bottom ash conveyors or continues fluidization with the bed material.
For unburned material and the heat of the bed might form agglomeration in the bed material
and therefore bed material needs to be continuously replaced. Smaller particles are caried
out with flue gases and are later filtered with bag filter, or ESP- filter before stack.
(Vakkilainen. 2017)

3.2 BFB Boiler fuel range

As previously where introduced, the Bubbling Fluidized Bed boiler can utilize fuels from
wide fuel range and tolerate high fuel moisture content as well. Those aspects can be fulfilled
because the bed material has huge heat load inventory stored in the mass off the bed sand

and emission like NOx formation is minimal in normal bed temperature range when the bed
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temperature is respectively low. Usually fuels which are used in BFB-Boilers are solid bio-
based fuels which have high volatile content. These kinds of fuels are for example: bark,
sawdust, straw, recycled fibres, sludge, Recycle Derived Fuel (RDF), demolition wood etc.
BFB boilers can be run also with different fuel mixtures when certain fuel availability
changes or some advantages for the emission is desired. Acceptable fuel mixtures need only
to have minor evaluation for the chemistry and possible material limitations of the boiler
where different alkali formation in BFB-Boiler use is determined. (Sumitomo Heavy
Industries Ltd. 2022)

In the image 8. the BFB suitable fuels are presented and circulated with blue line. Red line
illustrates the SWEF’s expanded fuel range limit, which will take care also the more complex
fuels like; Solid Recovered Fuel (SRF), Refuse Derived Fuel (RDF) and recycled wood-
based fuel. When these fuels are intended to be used, the deeper negotiations and studies
need to be performed for evaluating the detailed suitability for BFB Boiler, right material

selection and operation parameters.

35
EEIFOLE DM CORE POLYOLEFIN COLORED | COLORED
\ PLASTICS | OR PRINTED| OR PRINTE
NTRA E,PP,PC..) PLASTICS,| Mi AGRO
gom_ CITE P LASTICS,| MIXED Kyl
g™ BITUMINOUS
COAL
w, J
W & < COMMERCIAL &
2 INDUSTRIAL
g BROWN COAL,
9 LIGNITE
E DEMOLITION
2 oD CHICKEN
ESIRT] LITTER
Peat w/
PEAT High
: : cow
N Oil Shale NARY
| BARK I\ Estonian Mid-East/
BIOS k o
5 FIBER
SLUDGE

10
STANDARD SOME MULTIPLE
DESIGN CHALLENGES CHALLENGES

Fluidized Bed Combustion Corobate.

Image 8. Fuel ranges (SFW. 2022)
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3.3 General BFB Boiler parameters

In this chapter there are listed general parameters of BFB Boiler design. These values are
given as a guideline, and they are meant to give an illustrative perspective of the BFB
Boiler’s performance and physical measurements in generally. Parameters and acceptable
ranges are important measures for dimensioning the boiler, auxiliaries etc. and they will set

the fixed points and requirements for the modular- and standardized devices.

3.3.1 BFB Boiler size:

BFB Boiler’s maximum power is generally around 300 MWth. Limitation factor for the
maximum power is considered by bed heat load deviation capability, maximum grid load
and physical aspects, where boiler measures is beneficial to keep symmetrical. Example too
long distances between fuel feeding points makes bed load deviation uneven and therefore
the maximum furnace sizes are limited. On the other hand the other furnace dimension could
be extended within the proper bed load deviation guideline, but it has been seen unbeneficial
to execute. (Sumitomo SHI FW. 2022)

3.3.2 Bed parameters:

Bed temperature in BFB Boiler is affecting the proper operation of the boiler and emission
control. Too high bed temperature increase probability of bed agglomeration and increase
NOx-emissions whereas too low bed temperature decreases the volatilization of fuel
particles and affect the burning efficiency by reducing it. For those reasons desired bed
temperature of BFB boiler is around 700 °C — 1000 °C. Some aspects, like fuel quality and
boiler load, emission control, ash melting point etc. requires different temperature to gain
efficient operation condition. Bed material fluidization air velocity for proper bed
fluidization is around 0,7 m/s - 2,0 m/s. (Esa V. 2005)
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3.3.3 Flue gas parameters:

Flue gas flow velocity- and temperature range is depended on the fuel quality and flue gas
temperature in certain point. Generally the flue gas flow velocities are around: 10 m/s and
temperature level around 1000 °C. Maximum allowable velocity and temperature is
depended on each other, used fuel chemical content and location of the measuring point.
High flue gas temperature together with aggressive fuel increases corrosion of the heat
exchange surfaces and too low flow and temperature parameters increase fouling and soot
agglomeration on the surfaces. For example extra temperature and flow character
consideration is needed when the boiler is designed to operate with fuel which have

aggressive chemical content such waste related fuel. (Sumitomo SHI FW. 2022)

3.4 BFB Boiler parts

For this work the BFB Boiler construction is divided roughly to main parts and auxiliary
parts. To main part category can be seen to include all major parts, which have the closest
connection or interaction for boilers main purpose (steam generation). Auxiliaries’ category
includes then parts and devices, which make main parts action possible and support the boiler

operation.

Boiler parts are classified for own groups for better trackability, and the system is consisted
of 3-digit numbering (000 to 999). Generally and more detailed instrument and part
identification system is utilized KKS- coding system which make the coding standardized

in complete boiler business.
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3.4.1 BFB Boiler main parts

Furnace base structure: grate, tube walls, nose, roof

Boiler’s inner parts: super heaters, tube screens, economizer (ECO), air pre-heater

(LUVO)

Boiler’s outer parts: steam drum, steam valves, main steam piping, boiler’s support

structure, flue gas filter unit, stack
Turbine and generator

Condencer

3.4.2 BFB Boiler main auxiliaries

Feedwater (FW) pumps

Flue gas fans (main flue gas- and recirculation gas fan)
Air fans (primary air-, secondary air-, tertiary air fan)
Burners: Start-Up Burners (SUB), Load Burner (LB)

Feeders and conveyors (fuel feeding and bed material feeding, bottom and fly-ash

removal, emission control system feeders)

Silos (fuel, bed material, ash)
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4 Standardization and modularization

Standardization and modularization are utilized widely in business area where continuously
increasing competitiveness drives companies/organizations to study their actions and
production for potential efficiency improvements. With standardization and modularization
company/organization can design their product or operation to fit together with various
products or operation in the market, no matter where this other product or operation is
manufactured/performed. Generality of products and operation improves example
company’s global operation when similarities are recognized globally, and products can be

manufactured in different locations with same design and quality. (Sered and Reich, 2006)

Ideology of standardization and modularization are relatively close to each other and
therefore they are chosen together in this study. On the other hand standardization and
modularization are different concepts, and therefore they are also handled separately in this
chapter.

4.1 Differences between standardization and modularization

Standardization covers more specific and individual parts or devices which can be
manufactured similarly depended on where and who is the producer. Standardized product
help customer to choose right product for each purpose and guarantee right fitting together
to make example an assembly. Standardized product also gives guarantee for the quality and
availability of the product. (Indeed Editorial Team 2021)

Standardization’s opposite is customization, where each product is designed individually,
and they have no similarities between products. Modularization covers the area between
standardization and customization. Modularizations are present when mixing different
standardized products we can create many different units. In modular design one of the key
benefits is that these standardized parts can be easily replaced with another standardized part
or upgrade the modular unit with standard part which have different parameters or higher

performance etc.
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In the Image 9 there are shown the base idea of the modularization and differences between

customization and standardization.
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Image 9. All You Need To Know About Modularization (Martin Tobias. 2022)

4.2 Example cases where standardization and modularization are utilized

Standardization and modularization are commonly known concepts, and they are utilized
widely from food industry to petrochemical industry and any other field of business in
between. Standardization and modularization can be seen not only for the
product/production but also in process- or immaterial sector, for business strategy plannings
as well. Standardized products and production methods can be found example from
McDonalds’ and Starbucks’ operation where they aim to standardize their product,
manufacturing process and brand so that the product and service are similar wherever
customer enters the store. The automotive industry pursues for the same goal, there different
brands and manufacturers utilizes standard parts to keep costs in balance and enhance

availability of spare parts and maintenance. One example of manufacturing business is
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BMW and Mauri brands common piston product, where with standard sized piston the

manufacturing process is more effective and efficient. (Basin H. 2021)

Sumitomo has already utilized modularization with modular WASTE WOIMA® waste to
energy plant where modularization has brought scalability and easier de-ploy of the waste
utilization plant. Modular powerplant fleet consist of one to four grate-fired powerplant, each
producing 17 t/h steam (400°C & 40 bar). Picture 10 presents the principal layout of the
WASTE WOIMA® waste to energy plant modular design where separate “lines” are visible

and are connected to same condenser module.

Picture 10 wasteWOIMA® power plant (Sumitomo. 2022)

These Waste incineration boilers can be utilized to produce steam/heat only, or they can
operate combined production of heat and power. Their benefits are also in modular design
which allows those to be easily transportable and to reach required specifics only by
increasing the number of the units. Units are also identical so the pre-manufacturing and
complete construction process will be simpler.
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4.3 Benefits when modularization and standardization is used in production

When modularization and standardization is considered in production, the efficiency of the
process and company’s competitiveness increases, when overall operation improves. With
standard part production there are already known manufacturing methods and standards how
the production is performed efficiently, and further manufacturing principal learning can be
performed in forehand and concentrated. Manufacturing costs savings can also be achieved
when manufacturing of the product can be externalized or located company’s own workshop
in multiple location. Production can then happen in certain workshop which fits best for the
individual project. (Basin H. 2021)

One of the key benefits of modularized product is pre-manufacturability. Pre-manufacturing
of product means production which can be manufactured forehand in the production zone
where production happens in steady atmosphere. This kind of production is possible to
perform only with products which have no deviation of parameters. With pre-manufacturing,
costs- and production process can be enhanced in following areas like labor cost, customer

service, quality control, reduced production time etc.

Example product manufacturing is more efficient, when manufacturer already knows
production process, needed material, needed labor and production time. With this
information manufacturer can schedule production the most efficient way and gain better

cost efficiency.

Pre-manufactured products can also be stored and be taken in operation or sold when need
occurred, that reduce time from item order to arrival time. This method also improves the

spare part availability.

4.4 Standardization

Standardizations main principle is to create a uniform product/service or production method
which is designed to fulfil the required functionality so that the same product can be
manufactured with same quality in multiple location and is equivalent with other similar

product in the same field of industry. Production standardization creates a production method
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where all functions are standardized so that production happens efficiently and similarly,
apart who or where the production is performed. Standardized production helps companies
to keep production quality level up over the personnel changes and bring stability to the
production reliability. Standardization also helps customer to detect the quality of the

product and gives improvement for company’s imago. (CFI Team 2022)

Standardization and discussion about standards bring first in mind standards like ASME
(American Society of Mechanical Engineers), EN (European Norm) which are commonly
seen in boiler industry and which are set by national standard bodies like: ANSI (American
National Standards Institute), SFS (Finnish Standards Association), etc. or international
standardization organizations like: ISO (International Organization for Standardization),
IEC (International Electrotechnical Commission) etc. Those are anyway the standards which
concerns the performance, safety operation features or other normal/general rules for the

product and are therefore limited out from this work.

Because company respects values and act with responsible, the products, devices and
operation which are used in this field of operation are already strictly related to required
rules and standards. Therefore this work is concentrated only to product standardization for
evaluating the right product and dimensions which could be utilized with different boiler

units.

4.4.1 Standardization process

There is not the “one and only” correct way to do standardize product but standardization
process is good to start from the evaluation of the needs. Evaluation process research parts
which would be potential and beneficial to be standardized, for example how flexible parts
performance is and could it be fitted with different purposes. Other important steps are to
think the product range, manufacturability and possible other aspects which would be seen

as an important aspect for the company’s purposes. (Acevedo, L. 2018)

In the Image 11. illustrates an example of steps which are important to think, when
standardizing a process. This standardization process chart is related to health industry field

and describes the standardization process steps for creating an “higher-level” standard
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design, but picture’s chart can also be utilized for the design of some other products or
service. Like earlier was mentioned, this work is concentrated to define standard product
from usability point of view and is therefore more like “different-level” standardization task.

In any case the pictures main principle and idea has also been utilized during this work.

HS e)

STANDARDS REVIEW AND DEVELOPMENT PROCESS

IDENTIFY STUDY PUBLIC PUBLISH
Identify Preliminary study REVIEW Publish the
opportunities and preparation Public Review standard
for standard of a draft outline of the draft
review standard

/o '\ COMMITTEE CONSENSUS APPROVE

| ® o ) Finalizeproject @ Committee lb Vote on the

‘,“ proposal and meetings and draft standard
> establish technical consensus building
committee on the draft

Image 11. The 7 Steps of the Standard Development Process (HSO. 2022)

This subject is extension for Sumitomo SHI FW Qy’s Standard Concepts SFW Multifuel
BFB Development program, which has already proceeded quite far in standardization
process and therefore this work has good and solid “frames” to extend the standardization

and modularization evaluation.

In this work there are defined following steps/aspects which are used to standardize the BFB

Boiler’s auxiliaries:

1. BFB-boiler range:

At first the groundings of the standardization process need to be defined. In this case it means

the definition of boiler range where standardized auxiliaries are planned to be used.

Boiler range covers Sumitomo SHI FW Oy’s Clean Bio BFB-Boiler concept boilers related
size from 60- to 150 MWth. That range include 6 different standard sized boiler
configurations. More detailed description of standard boiler parameters is shown in
Appendix 1.
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2. Defining the part/section for the study:

At this point desired part of the study is chosen for better focus on standardization work.
Deeper study of the case is important to do before continuing the standardization process to
avoid possible overlapping of standardization principles or extra work caused by that. It is
also necessary to take account previously done definitions and part’s connectivity to avoid
principal collisions. This “defining” part is ok to have strict definition and it is good to keep
in mind that work can be extended later to cover different section and parts. With forward
thinking the work is then easier to use and merge into a larger system.

3. Defining the required burner parameters for the boiler:

Boiler design follow company’s own design rules and burners has been normally designed
case by case, for the best fit of the specific case. That protocol has been accurate, when the
burner fitting has been done precisely, but that has required a lot of design work. In this part
is responsible to define the required parameters, like performance, connections ang needed
space. Comparing those requirements with boiler structure, can be seen that are there any
communities with the parameters so that burner could be chosen to fit with different boiler

units.

4. Calculation of benefits:

This part includes the calculations and evaluations to find out is there any reason to continue
standardization process or would it be better to continue tailored manufacturing style.
Commonly universal fitting improves the process efficiency when manufacturing can
happen more “bulk”-like, but for example if the situation or features are tricky, then the

custom-made is the only option.

In this case the biggest part of the standardization benefits has been seen to be concentrated
on layout design and documentation. Improvements has also been seen in the erection part
of the boiler construction where the affection are thought to be seen in delivery time and

assembly efficiency improvement.
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5. Taking in action:

When the product has been seen as a potential standardized product and calculations looks
good for the improve the action, the standardization can be accepted and taken into the boiler

design.

4.4.2 Product standardization benefits and disadvantages

Improvement of manufacturing process efficiency is the main benefit of standardization.
With standardization, manufacturing costs can be decreased, for example when
manufacturing requirements are well known the costs can be better predicted, and whole
production operation will be then better planned. Manufacturer can example enhance the
production methods based on collected experience, which is more efficient when product

requirements are constant.

Further benefits of standardized products are, that parts manufacturing can be done in
different location with same quality and principle, but with for example cheaper
manufacturing costs. Thinking for example the case where certain product is needed in the
Asian continent, but normally product’s manufacturing has happened in Europe, which has
brought the long shipping distance and different customs-payment etc. in the project.
Standardized designed part opens the possibility to extend manufacturability so that
manufacturing could also happen closer to the end user. Standard design improves
company’s possibility to maintain used regulation, working principle and quality also in

different manufacturing locations.

Standardization can also be reached to be the part of the company’s brand and imago. For
example the products which “plays” together with company’s color theme and logo, are
better recognizable and create better completeness and visibility through the company s’
operation. (Acevedo L. 2018)

Standardized products also have some disadvantages when for example something needs to
be changed in the product or in the production process. Standardized product’s production
process can have many different levels of action which are designed to do the certain action

for the product. Any changes for the product could easily affect to chance of multiple
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production steps as well, and for those reasons the changes are hard and more expensive to
run through in the standardized manufacturing process. Compared to the custom production,
where changes are considered by part specific, and product is manufactured just like it is

wanted to be.

4.5 Modularization

Modularization has been known since the industrial revolution around years 1760 - 1840 and
the base idea of modularization is to optimize product range to fulfil customer’s need as
efficient way as possible. Company’s product range optimization is possible when regular
base products are designed to fit with together for creating multiple different combinations.
Without modularization, the company would need a wider product range to fulfil the market
needs and usually it would not be as efficient way to handle the market as with modularized
products. Modular structure has also many other applications than only production process.
Modular structure can be utilized in example service-, software- and event operations with
only minor differences of principles. This work is focused on the product modularization
and therefore other modularization point of view are not studied further. On the other and it
is good to keep in mind, that there are also different interfaces which are connected to other

systems and therefore some ideation processes are also important to aim for.

Interfaces and their interconnectivity problem cases can be faced example when product is
physically and technically designed to fit perfectly with the modular structure, but
electrification or instrumentation has conflict with another blocks. For example the
electricity system has differences between the countries, like voltage and frequency ratings

or standard measures (metric or imperial).

Once more when there has been the reasonable modularization design those situations can
be handled for example device to fit both electricity network, including the electricity

transformer or other required devise to avoid the difficulties.
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4.5.1 Modularization design

Product modularization difference from the standardization can be introduced more clearly
with the Picture 12. Where is shown an example how with modularization it is possible to
build 18 different setups with only 4 different modules. Each module has been designed so
that they are suitable to use with other modules and this possibility variations creates

different setups.

This way product range can be widened to meet better client’s needs and enables client to
modify already bought product if customer’s needs changes or one module is for example

worn-out.
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Picture 12. Modular System (Martin T., 2022)

Modularization process is good to start by evaluating customers need and required
performance to find out the most important aspects which give the most value for the
customer. Customer may value more device which is upgradable when customer’s need
changes. Example in the Picture 11. in excavator case, customer choose this company’s

product because product can be configured from variants of 4 different modules. Customer
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has possibility to choose the right options to its current need and customer can also relay to
the upgradability of the product after purchase if necessary. After evaluation customers
values/needs, the next step is to design the product so that interconnectivity and long-term

commitments are considered.

Picture 13 shows an example how modular structure looks in powerplant layout purposes.
With modular structure the plant can be designed more flexible when different modules can

be upgraded or changed/maintained more easier than in fixed design model.

il e R

Image 13. Modular Plant design (Gotlieb J. & al, 2021)
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4.5.2 Modular design with Modular Function Deployment (MFD)

One way to start design job for modularized structure is to utilize Modular Function
Deployment (MFD) method. Modular Function Deployment has been developed in late ‘90s
and it is based on a tool which describe the modularization process’ design steps. Modular
Function Deployment consist of 5 major “blocks” which describe the specific “tasks” to
consider in the design and help users forward to modularize the product or action. Method
approaches the process with viewer perspective, where customer’s-, engineer’s- and
business’s needs are listened together with modularity perspective. This method helps to
take all parameters and deviations in account which could affect the modularized product.
(Lange M., & Imsdahl A., 2013)

Modular Function Design (MFD) process chart is shown in Picture 14. where can be seen

the required steps for running the process.
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Picture 14. Modular Function Design (Modular Management, 2022)
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Modularization design has 5 major steps to perform regarding of MFD method.
- Clarifying the Customer Requirements

The first step is to evaluate customer’s needs. This includes deep clarification for
example what customer expect to have, how customers want the product to operate,
and which are the values that customer would gain with the product. Process is

illustrated in the Picture 15.

Goal Values ‘

S I

Segments 1 Product ‘
| Properties

T T
Customer g 9 Quality
Value % = Function
Ranking 3 >N Deployment

Picture 15. Clarification steps (Modular Management, 2022)

- ldentify Functions and Solutions

This part includes the specific identification of product demands and requirements.
Purpose of the identification is to determine for example minimum and maximum
values within the certain product is needed to be capable to operate. Results can be
utilized to create modular product which is suitable for different setups. The
evaluation process follows the Design Property Matrix process diagram which is
shown in the Picture 16.
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Picture 16. Design Property Matrix (Modular Management, 2022)
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Technically matrix can be created like are shown in Picture 17. Where example X-
axle is the modularized system and Y-axle includes the devices which are
considered to use in the modularized system. With this chart the possible setups can
be seen, and extra components of the product line-up can be removed to gain more

efficient production.
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Picture 17. Design Structure Matrix (Compare, G., & Eppinger, S., 1991)

Propose Modules and Interfaces

This section focuses on company’s marketing strategy where already so far
developed modular product need to be considered and how it is introduced in the
market. The “Propose Modules and Interfaces” part handle the strategical part of the
product and evaluates does the part cause any disturbances to other parts or how to
make interfaces to fit with other products/modules. In the Picture 18. are described

three key factors of interface proposal process.
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Picture 18. Module Driver Triangle (Modular Management, 2022)
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At first it is good to start on the top where operational excellence handles the
production scalability and market volume. At this point product range is considered
to keep production volume at reasonable level and still maintain the scalability of the

production.

Customer intimacy take care of customer’s demand so that the product is good, easy,
and safe to use. Example thinking of user point of view: Customer have a set of tools,
where every tool is separate and designed to use in a certain manner, or does the
customer have more user-friendly device (multipurpose tool), with which customer
could use more easier and the tool will also be suitable together with extended
product which customer would by most likely later like different drill heads for

different materials.

Product leadership handle the company’s desire to be the best in the market and
provide the products which are unique and include the latest technology and idea.
This part there are competition rather to invent a new product or new features for the
product often and how to design it so that it would still have modularized or standard

parameters for fitting with other devices.

Define Variants and Configurations

This section is fourth step of the MFD circle and this handle different configurations
and module structure design. Desired product variants which are constructed by
selecting the different modules need to be considered and the best options to fulfil
the demand would then be found out and taken into the product range. Example of
module variants and product structure are presented in the Picture 19. where product

structure is extended to show the different variants of the certain sector.
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Picture 19. Module variant and Product structure (Modular Management, 2022)

Module and product structure can be then located in the generic structure table where all
different setups are visible and then whole end-product range would be understandably seen.
Picture 20. shows an example of generic product chart. Chart is pointed to software business,
but it illustrates very effectively idea of the generic product model, where and how the
different versions can be constructed with different set of “product parts”.
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Picture 20. Generic Product Structure (Modular Management, 2022)

- Confirm Architecture Feasibility

Last part of the MFD concentrate to evaluate the solution of the complete MFD
process. Architecture feasibility evaluation answers the question: do the result of the
complete modularization process fulfil the desired need? If the product is what it
should be, then it would be ready for market, if there is still some difficulties or
suitability problems, then the whole process can be started again with some
modification of parameters. Before the starting the re processing of the process, the
evaluation of the needs and required parameters need to be re-think to achieve more
accurate desire and limits. Complete design process is introduced in the picture 21.
Where are visible the clear steps of responsible areas, which one is related to the
customer, which part is for the engineers, what includes the business responsibilities

and the part what includes the modularity point of view.
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Picture 21. Modular Function Design responsibilities (Modular Management, 2022)
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5 Examples where modularization and standardization are utilized

Sumitomo has already stepped in the modular design structure of power plant area for
example when co-operation with formerly presented WOIMA waste boiler business was
commissioned. Another own case is also ongoing inside the company and one of them is
related to Standard BFB-boiler concept for which this work is handling. Standard BFB-boiler
principal design was launched recently when this work has been written.

Other example cases from modular and standard design products/production and those
benefits are presented in further examples from marine-, car manufacturing-, consumer
electronics- and furniture fields of industry. The list of possibilities where modularization
and standardization are utilized or would be beneficial to utilize is endless and these

examples are only “a small drop in the ocean”.

5.1 Marine industry

Marine industry may be the best-known example of the modular and standard production,
because ship building is strongly related for the modules and standard parts for those
installation and maintenance benefits and. Modular structure is also very effective way to
build an oil reef or ship hull when the big modules can be transported easily on the water

near the construction site.

5.1.1 Wartsila Oyj Abp

The Company operates in the marine industry and utilizes a modular structure for example
in their marine engine design. Their interests are to make the engine suitable for different
purposes, to improve fuel flexibility, for better engine efficiency and make the engine
assembly process easier. In the Picture 22. there are shown a Wartsila 31 Modular engine

family “tree” which includes engines modification for different type of purposes.
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Picture 22. Wartsila 31DF engine modular design (Kliger, 1., 2019)

With this new modular engine design Wartsila has gained a product which can be run with
different fuels by performing only minor evaluation/upgrades for the engine, this flexibility
helps the engine to last future’s fuel uncertainty without replacing the entire engine or major
part of the engine. For example when fuel availability gets more difficult for some reason
(war, production problems etc.) and alternative fuel is needed, then these engines are able to
manage the changes quite easily. Engine’s modularized design also reduces engine
downtime when maintenance works can be predicted better and performed more efficiently
and faster. Spare parts availability is also better, and the most critical spares are designed to
be easily replaceable and available in stock. All in all, with modularized structure the
product’s lifetime has increased and structure has made ship construction phase faster and
easier. It is also seen that these aspects have improved company and their products
competitiveness in the market. (Kliger, 1., 2019)
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5.1.2 STX Europe

The company STX Europe was previously known as Aker Yards ASA and its main products
are cruise- and offshore vessels. Company is consisting of 15 shipyards in 6 countries
(Finland, France, Norway, Romania, Brazil, and Vietnam) and part owner with three
shipyards in Germany and Ukraine. (STX. 2019)

STX Group utilizes pre-manufacturing and modular structure in their production, partly
because their products’ measurements are huge (vessels) and because final assembly may be
concentrated in certain shipyard or in the final destination of the product. With modular
structure the company can pre-manufacture blocks in the certain factory where
manufacturing can be better controlled and performed in steady condition. Better
manufacturing control improves predictability, quality controlling and increases the entire
efficiency of the production. (STX. 2019)

One modular production example can be seen directly from the STX France operation, where
the company which is located in France produces modular parts like: cabins, living quarters,
and power modules, not only for the vessels but also for other use, like oil and gas fields.
Company takes care of production from PRE-FEED part to delivery, which means that they
will provide the complete turn-key product for the client. The production happens together
with wide supplier network, for example raw material provider, electrical manufacturer,
Heating, Ventilation and Air Conditioning (HVAC) -and, plumbing installation, etc. which
all make the stabile production possible because of the clear design and predictability of the
modular product. (STX. 2019)

More benefits are seen in production in for example accommodation modules which the
company produces with plug-and play ideology. That method reduces construction time and
costs when the cabins are designed so that they are interconnectible together and with other
units and they would need only minor work for the installation. Basically those can be
discussed as an “plug and play” type of fitting, where all connections like. electricity,
plumbing and HVAC can be just connected with plug type connections. One other feature
of the modular design and “plug and play” system is that company can utilize EPC
(Engineering, Procurement and Construction) contracts for the certain part/module
manufacturing. (STX France. 2022)
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Pre-manufactured module sizes in marine industry can reach high numbers. For example in
year 2011 when STX Finland made a contract to produce two large offshore modules, which
sizes where 63m x 52m x 47m and 40m x 45m x 13m, total weight of the modules where
5000 tons. Modules contained living quarters and work areas for the people and were
manufactured separately from the hull or other main construction because of variable
conditions (company has not specified these conditions any further). After production, these
modules were transported with a barge to Norway for further and final assembly. One piece
of the modular part fitting is shown in the Picture 23. where the plug and play HVAC unit is
under the installation. (Offshore energy. 2022)

In the picture 23. can also be seen how compact the HVAC module is and how the interfaces

(connection to another systems) are visible.
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Picture 23. HVAC-module under the installation into the Wessel (Offshore Technology.
2022)
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5.2 Car manufacturing industry

Car manufacturing has started from Europe in late 1800’s, when gasoline engine was
developed in Germany and France (1860 — 1870). In the beginning of the next century the
British, Italian, and American car makers were stepped into the business as well. From the
earliest time the car production was fully hand crafted, production was slow and unbeneficial
so that manufacturers were able to continue car manufacturing only with providing other
products like bicycles, stationary gas engines, washing machines etc. as a support for their
income. (John R. & Alan B. 2022)

In that time there were two companies which was able to focus only for car manufacturing:
Rolls Royce in Britain and Ford in the United States. These companies’ car manufacturing
process was built to be more like assembly factories where components were produced by
other companies and then assembled in the car factory. First assembly line was introduced
by Ford in 1920s and it made car manufacturing efficiency a big step ahead mainly because
assembly lines productivity was based on pre-produced parts and moving production line.

Ford assembly line is introduced in the Picture 24.

Picture 24. Ford assembly line (Rogan, F. 2022)
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For this type of production the company could focus only for assembly and leave the part
manufacturing for others. United States was the leading automotive manufacturing country
among the Europe before European Economic Community ranked Japan to the second place
in their list in 1980. Japanese car manufacturing was increased spectacularly after WWII
when Japanese car was seen to fit well for the people because of reasonable prices and fuel

economic reasons. (John R. & Alan B. 2022)

In this chapter the Toyota’s manufacturing and quality principles are shortly presented for
the further illustration of excellent manufacturing philosophy, which have also been a trail
blazer for the car manufacturing processes and guidance for other product manufacturing

processes.

5.2.1 Toyota Motor Corporation

Toyota Motor Corporation has based its production principle for Lean manufacturing
method, Just In Time (JIT) and own created Toyota Production Systems (TPS) methods
where the main purpose is to aim for the “Complete elimination of all waste in pursuit of the
most efficient methods” (Toyota motor corporation, 2022). Just In Time production is
focused on the material handling, where production aim to receive just right amount of raw
material in the right time. This reduces needed storage and improve flexibility of production.
For example model modifications and production variation can be easier caried out when
there is no huge storage full of certain parts which may become obsolete when new design
Is going to be taken in production. Toyota Production System is though based on JIT-
principle and is further developed by Toyota to contain continuously improving
methodology and co-operation of human and machines, where human work is concentrated

to include thinking/ideation part- and machine deals the “muscular” part of the production.

With these methods Toyota’s principle “Jidoka” focuses to continuously improve their
manufacturing process and search defects and weaknesses from the production line. Aim is
to gain more and more efficient production and higher quality of the product. (Toyota Motor
Corporation. 2022)
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Jidoka principle which can be translated as “automation with human touch” (Toyota Motor

Corporation. 2022) is shown in the picture 25.
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Picture 25. Jidoka principle (Toyota Motor Corporation. 2022)

Toyota Motor Corporation has implemented recently a new structural point of view to
approach today’s markets. In 2015 Toyota Motor Corporation has launched a Toyota New
Global Architecture (TNGA) with which Toyota utilizes for new vehicle design. Toyota
New Global Architecture is consisted of vehicle power terrain units and chassis, which
form multiple vehicle variants from different combinations can be constructed. This
architectural structure makes improvements for the company when they can optimize the
total operation and collaboration with different production sites. TNGA architecture
reduces Toyota’s investment costs for development and improve resources to be focused to
somewhere else in the operation. TNGA principle is shown in the Picture 26. where the
main idea of the TNGA is visible. (Toyota Motor Corporation. 2022.)
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The Integrated TNGA Cycle
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Picture 26. TNGA Cycle. (Toyota Motor Corporation. 2015)

Toyota Motor Corporation’s way to the customer’s “hearts” is to create the car which are so
enjoyable to drive that customer would “fell-in love” with it and enjoy the driving
experience. This way the car manufacturing company can build cars based on mainly from
their own design and customers are happy for that. No further customisation or customer
specified production is then needed. In the Picture 27. are presented the Toyota Motor

Corporations product structure, and how they are planned their production.

Making Ever-better Cars: Toyota's Approach and Structure
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Picture 27. TNGA Production structure. (Toyota Motor Corporation. 2022)
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Toyota New Global Architecture has been launched in 2015 as previously were mentioned
and the “mother” of the structure was 4" generation Toyota Prius. At the end of March 2022
Toyota New Global Architecture covers 41 different models, which all are based on same
TNGA structure and utilizes TNGA base components. TNGA structure has shown its
capability, when 70% of Toyota Motor Corporation sales are consisted of the products from
the TNGA structure. TNGA Model structure is shown in the Picture 28. where 4" generation

Prius is “the mother” of all models. (Toyota Motor Corporation. 2022)
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Picture 28. TNGA product range. (Toyota Motor Corporation. 2022.)

From the Picture 28. can be also seen an example of Toyotas product range where the
corporation utilizes same base structure and parts with huge variation of products, from Full-

size class to compact class and even with different brand (Lexus).

5.3 Consumer electronic production

Modular structure has improved production efficiency also in consumer electronic sector

where example smartphone displays are mainly produced only by few big worldwide
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manufacturers and their products are utilized in many different brand’s devices. For example
Samsung is one of the leading displays producing company which displays are covering over
80% of displays which are assembled in iPhone 14 products. Apple uses with Samsung also

displays from LG Displays and Chinese BOE for display manufacturing. (Yordan. 2022)

More modular structures are utilized in computing technology where certain standards are
set to unify the different components fitting in the system despite the manufacturer of the
component. For example computer brand and model “Raspberry pi” gives a good example

how the modularization is taken in the major role for product.

Raspberry pi is completely consisted of different modules which have different purpose and
performance. Customer can create own set up from those component modules. Additional
selection contains Displays, different camera modules, audio “cards”, amplifier modules,
programming modules etc. which are all suitable for the main computer board which is

visible in Picture 29.

Picture 29. Raspberry Pi Compute Module 4 10 Board (Raspberry Pi. 2022)
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5.4 Furniture production

Modular and standard structure is also applied in furniture sector where fundamentals of
product design and portfolios are clearly visible. This chapter introduces generally where the
furniture products and their modular design is used and gives an example of IKEA’s

operation and products.

Modular structure allows to utilize different building blocks in different combination which
brings customizability for the users. One example of popular modular structure designed
furniture is sectional sofa, which is consisted of different pieces which are also possible to
use separately as well. With that product line up user can freely choose the setup for the
certain space/room and make changes to decoration easily by changing the order of the units

or change some pieces, colours, material etc. of the unit.

Modular sofa structure can be seen in Picture 30. where the sofa is designed to adapt
customer’s needs with different material and colour selection. Modularized and standardized
structure makes furniture more sustainable because they can be produced with same
machines and methods with lower waste production, design can easily be fitted with other
products worldwide and lifetime of the furniture can be seen then extended. Modular
structure also improves efficiency of the furniture production because need of manpower
can be reduced and replaced with machines. Production can also be distributed in different
location world-wide to gain benefits to lower transportation and production costs. (Iskalo

Development Group. 2022)
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Picture 30. Mino Sofa Series by De Vorm (Dezeen staff. 2022)

Another example of modular furniture design is given by architects Chan, Eayrs and
Sebastian cox design studio where the Blushing bar furniture structure has been created.
Blushing bar is designed to be combined from different blocks and the furniture can fit well
not only for residential use but in public use also. Product range is consisted of 7 Seating
units, 4 table elements, 2 niche element and 5 add-ons which can be selected to make

different constructions. In the picture 31. the modular product range is shown.
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Picture 31. Blushing bar modules (Rethinking The Future. 2022)

5.4.1 IKEA

IKEA is Swedish furniture company which is founded in 1940°’s and is known of furniture
products which lasts time and are designed to be assembled by the customer. IKEAS
operation is leaning the circular future which means that the company design their products
to response the need of the customer, even when the need is changed or product breaks or
gets destroyed and needed to be recycled. IKEAs products are designed to be used in many
different setups for decreasing the manufacturing costs and increasing the customers
possibilities to reconstruction or update already purchased product to fit customers’ changed
needs. Key benefits of IKEAs standardized products are that spare parts are more easily
available, and number of different spares can be decreased. Moreover using the standardized
design, the customer can make changes to the product afterwards. Customer can example
buy new doors for old shelf, to change its’ outfit to meet the new decoration or purpose,

without need of buy complete shelf.
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IKEA has created their standardized products by using the standardized solution for

materials and colours, components, and fittings (dimensions). (IKEA. 2022)

One example product from IKEA’s modular structured products is “Svalnés” shelf which
has huge potentiality to be constructed with multiple different units. Shelf has 3 different
shelf construction which are introduced in the Picture 32. Shelves are suitable to be fitted

with same mounting rail and with different combination.

SVALNAS shelf, bamboo. SVALNAS wall upright, bamboo.
w 61x15 cm 803.228.60 176 cm 103.228.49

Z 61x25 cm 003.228.59
SVALNAS shelf, bamboo.
3% 81x15 cm 403.228.62

81x25 cm 603.228.61

SVALNAS cabinet with 2 doors, bamboo/white.
@ 61x35cm 003.228.97

SVALNAS desk space with 2 drawers, bamboo.
@ 81x35 cm 403.228.76

Picture 32. IKEA-Svalnés shelf parts (Inter IKEA Systems B.V. 2018-2020)

One of the shelfs main construction is introduced in the Picture 33. Where is illustrated one
setup of the shelf which is consisted of 4 main parts. This shelf structure can seamlessly be
extended by mounting extra vertical support-bars to the wall and mounting the shelf modules

on them.
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Picture 33. IKEA-Svalnés shelf setup (Inter IKEA Systems B.V. 2018-2020)
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6 Sumitomo SHI FW’s standard BFB boiler auxiliary’s

modularization and standardization

This section is focused on Sumitomo SHI FW’s standardized BFB product range and is
pointed to evaluate Start- Up (SB) burners standardization and modularized structure
possibilities. Other auxiliaries like Load Burners (LB), fans, pumps etc. are handled also
lightly in this work just for introducing the potential for further modularization and
standardization work. Those auxiliary equipment needs also to be taken account in
evaluation process because devices have interconnections and face connections between the

system of this modularized structure.

Detailed results of this evaluation will be presented in Appendix 2 and -3.

6.1 Indicative set-points for the work

Sumitomo has already launched standardization project for Standard SFW Multifuel BFB
product, which have studied boiler standardization in generally. Project has achieved the
result which includes standard multifuel BFB Boiler structure, suitable for different fuel
categories and different number of standard boiler sizes in every category. In the Chart 34.

there are illustrated the example of the product family structure.

Standard SFW Multifuel BFB

—

Clean bio BFB Recycled Wood ("ReW”) BFB Waste ("RDF/SRF”) BFB

1

] I i 1

Chart 34. Example of Standard SFW Multifuel BFB Product range (Sorsa. 2022)
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Overall this Standard SFW Multifuel BFB product range includes different variations of
design parameters. Coloured boxes illustrate the design parameters which are suitable for

different product.

Utilizing the modular and standard structure, the company evaluates possibilities to reduce
the impact of for example material-, part- or other device availability problems. For example
when facing the possible availability problem, the compensatory part would be more easily
available, and the parts’ fitting would also be secured to be 100% with original design. When
facing the previously introduced problem there has been need for extra design work to be
performed to customise parts fitting together with company’s standard delivered equipment.
Extra work has also caused by extra documentation work. For those reason the company

seeks improvements for the products.

This work is concentrated to Sumitomo SHI FW Oy’s Clean Bio BFB which includes
different standard-sized boilers from power range 60 MWth — to 150 MWth. These boilers
are designed to utilize clean biofuel, like wood chips, forest residues, bark, sludge, and

sawdust.

6.2 Evaluation of standardizable auxiliaries

Standardizable auxiliaries’ evaluation can be done by listing/looking of auxiliary device’s
performance, physical sizes, and interconnection points. Those parameters are then
compared with needs of different boiler and process. Then results can be introduced by for

example in table form for illustrating the common suitability of auxiliaries.

Generally auxiliaries have been chosen and designed to fulfil the specific demand of the
process to gain the best performance and highest efficiency of device. This method has been
seen to be accurate, but extra work has been needed for that. Custom design is still important
for example to dimension the high own energy consumption devices like fans. Fans are good
example of specific equipment where operation condition affects a lot to efficiency. Together
with specific efficiency curve and high energy consumption the device operation in the most
efficient point is very important. Fans need to be operated near the optimal design condition

so that they are run in the efficient speed without producing too much pressure losses.
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6.2.1 Start-up-/load burner

Start-up and load burners are seen also as a potential auxiliary device to utilize
modularization and standardization. Seeking benefits from the expense reduction and
reducing the design-, and documentation work ignited the spark for this work.
Modularization and standardization evaluation work is started from studying the burners
physical measures, interconnections and required power by the system. With the pre-
evaluation, devices “set-points” like physical fitting and performance can be highlighted.
After pre-evaluation, possible standard values are clearer and seeking the opportunities to

get universal fitting of burners between the different boiler classes can be started.

Burner requirements, like flame length and rated power are the key parameters which affects
the burners selection, another driving aspect as well is available fuel. In generally the burners
uses natural gas for ignition and light oil fuel for operation, but there are also multifuel
burners which can be run with light fuel oil or natural gas. For the burners fuel delivery, the

system requires fuel feeding units for ignition gas, light fuel oil and natural gas.

Fuel feeding units are separate units or combined units, for example ignition gas and light
fuel oil unit and separate natural gas unit which are located near the individual burner. For
the design point of view these fuel delivery units have good possibility to be modularized,
because those units are self-standing units and only limitation aspect can be seen to be the
flow capacity of the unit and physical size of the equipment. The main limitation factor of
universal fitting of the fuel delivery unit can be seen to be flow capacity which is caused by

the piping- and other instrument sizing.

Burners also needs air for the operation, where the main air is fed via the air channel and
pressurized air is needed for the atomizing the light fuel spray and operate the instruments
like fuel lance insertion pressurized air operated piston. Air feeding interfaces like flanges
and especially air channel measurements can vary a lot regarding the burner performance.
To get the understanding of possibilities to utilize universal measures of the channels the

further and more detailed examination needs to be performed.

Burner control system and required electrical devices are generally similar and no need of

specific evaluation at this point.
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The burner structure is introduced in the picture 36. which describe the commonly known
lance type start-up burner with ignition gas lance. Operation of the burner is based on the
fuel injection lance where fuel is introduced in the furnace through the fuel lance and ignited
with ignition gas flame. Fuel is sprayed with atomizing air and burned at the end of the lance
where the nozzle mixes the fuel with air. Flame height is controlled and monitored with
flame detector and flame length is adjusted to burn near the nozzle to avoid too long flame
or too distant combustion from the nozzle.

Picture 36. Start-up burner (Esa V. 2005)

More detailed evaluation of standardized and modularized start-up burner solution for the

Sumitomo BFB Boiler case is introduced in the appendix 1.

6.2.2 Pumps

In the boiler area, there are lot of different size pumps for, chemical dosing, circulation
pumps for different purposes, hydraulic pumps for valve operations etc. but in this text the

feedwater pumps are shortly taken into the introduction.



56

Like with fans the feedwater pumps efficiency curve is also relatively narrow and therefore
pumps are too beneficial to run with the best efficiency load. Therefore pumps are usually
beneficial to be chosen case specifically as well. On the other hand standardized sized pumps
could be used in different cases/boilers if boilers feedwater requirements are similar and
pump’s supporting structure can share similar measures so there might be found some
parameters to be standardized. In the Picture 37. there are illustrated the feed water pump

and those inlet-, outlet- hoses, and grounding.

Picture 37. Feed water pump (Esa V. 2005)

6.2.3 Fans

Fan dimensioning share same core principle with feedwater pump dimensioning. With fan
dimensioning there is some extra parameters like impeller- and inlet sizing which are
important to design to meet maximum efficiency point of fan and reach desired flow rate
and pressure. In the Picture 38. there are shown an example of air fan where grounding, inlet

and outlet connections are visible to illustrate the interfaces for the system.
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Picture X. Radial air fan (Esa V. 2005)

6.2.4 Valves

Valve sizing, model and manufacturer have possibilities to share some parameters which
would be generalized. Some differences between the valve manufacturers might occurs, but
because the pipe sizing, connections and pressure-standards are present in pressure part
structure the variation and different possibilities are minor. Some benefits might though be

found out for example from documentation.

There are though may different valve types for many different purposes on the market and
some evaluation could be beneficial to perform to re-check the suitable valve types. Purpose
of the evaluation would be to find any generality between the valve types and evaluate which
type could be utilized more generally to reduce the amount of valve variants. In the Picture
39. there are shown the generally used gate-type valve.
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Picture 39. Gate valve (Thermodyne engineering system. 2022)

6.2.5 Silos

Silos structure/design is affected by multiple several aspects, which makes the
standardization principle more complex or even unbeneficial. Some parts of the silo design
may be found to be feasible to utilize with different cases like base grounding or

interconnection points, but generally the silos are good to be designed case specific.

Case specific design is important for example when silo location is in seismic area where
structures need to take seismic condition in to account. Other environmental depended
conditions like temperature, wind load and rainfall rates are also crucial for the silo design.
Silos internal design is also affected by the designed material with which silo is designed to
be filled, and how the material is behaving inside the silo. When silo needs to be equipped
with fire extinguish equipment, there are also need for the extinguish principal evaluation
for the silo structure dimensioning. For example if fire extinguish is water operated, the silo’s
support structure needs to withstand the water weight load as well. Silo’s location in the

plant area makes silo’s structure also different. Silos may share steel/support structure with
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boiler or another device, or silo can be built as separate unit. In the picture 40. there are

illustrated two different silos where no. 1 is for fuel and no. 2 is for bed material.

Picture 40. BFB-Layout (Mari K. 2018)

6.2.6 Conveyors

Conveyors share same viewpoint with silos, but connections to the furnace have standard
design rules which may include potential to be double checked. In the Picture 41. are shown

the typical ash conveyor, which is not insulated, and the drive chain is visible. Connection
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for the down legs and silos could be possible parameters where standardization could be

utilizes the supportive structure of the conveyor as well.

Picture 41. Typical ash conveyor (Esa V. 2005)

6.2.7 Piping

Piping of the powerplant is generally influenced by many aspects in the boiler design and
therefore it cannot be highly standardized. Only some guidelines of pipe-routing and design
principles are seen to be beneficial to standardize. Piping sizes, flanges, connections faces,
and support structure are already standardized and during this work supportive structure
possibilities are introduced more. Potential of the standard/modular support structure is
already known in the company and taken into account in design part of the piping. In the
Picture 42. are visible the piping structure of the boiler plant and as can be seen the piping
need to take account different devices and structures so that general fitting would be quite
hard.
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Picture 42. Process piping of the powerplant (Mari K. 2018)

6.2.8 General supports/ foundations

Support and foundation possibilities were discussed through teams meeting with HILTI
professionals and their product range is very wide and could be utilized in in the boiler cases
in many reasonable ways. For example cabling trays which are introduced in the picture 43.
are editable, when same base structure could be utilized to different cases, but light

modifications could be easily done.
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Profile / Girder

Picture 41. HILTI-modular support principle (HILTI OY. 2022)

During this work it shows up that more meetings and negotiations would be beneficial to
have held regarding to modular support structure, and continuously searching improvements

IS necessary.

6.3 Benefits of utilizing standardized Start-Up Burners.

Utilizing the standardized Start-Up Burners the standard sized burner would reduce the
furnace opening structure variants, outer support structure and connection differences. On
the purchasing point of view it would also be beneficial to buy same product and search
competition between the manufacturers. The most affected aspect would be the installation,

and documentation part when burner variants would be decreased.
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7 Conclusions

The study has shown that standardization and modularization has improve the production
cost-, design cost-efficiency and has brought clearer vision which boiler products and what
boiler sizes the company can provide for the wide variety of customer’s different needs.
Sumitomo SHI FW’s standard BFB Boiler products are then highly standardized to cover
the major needs of the current market and available fuels.

It is also seen, that in the boiler manufacturing business, the parameters of modularization
and standardization are commonly fixed with the required power of the boiler and available
fuel quality (on the other hand customer’s need specifies the main parameters of the boiler).
More detailed design limits and parameters for auxiliary equipment standardization and
modularization are set by the design standards, design rules and rules from each country
legislation which secures the boiler safe- and emission-controlled operation and long-
lifecycle of the boiler.

Sumitomo SHI FW’s standard boiler product has been improved during this work, when
start-up burners standardization and modularization has been taken for further evaluation.
Evaluation has shown that amount of different burner units (sizes) has technically
possibilities to be reduced and utilized in multiple boiler setups in standard boiler groups.
Reduced variety of different burner units simplifies the design of the boiler from multiple
point of view. The major impact for the design is caused from the connection design sector,
where the variety of boiler tube wall openings and burner air/fuel connections can be unified
for two options. Secondly the documentation works will become more efficient when the

same documentation could be utilized more commonly with different cases.

This work has been concentrated also for example following general parameters which has

been seen to be potential aspects to be standardized and modularized.

- Furnace wall openings can be designed to fit with different burner sizes. Size of the opening
would be necessary to be sized for the largest diameter burner and opening with smaller
burner unit is possible to be fitted example with refractory casting. Further study for the
max.-min. cases needs to be performed to confirm the material and technical feasibility of

that solution.
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- Cable- and fuel-line connection will have some challenges to be standardized. Generally
there are already guidelines of the routing and supporting of the auxiliar devices, but
challenges are usually caused by the other devices and support structures which makes the

lining design more complex than straight lines and 90 deg. curves.

- Air feeding share same aspects with cable- and fuel-line, except air connection to the wind

box of the start-up burner is standardized.

More detailed results and further explanation of the studied parameters are shown in the

appendix 1.

Afterall the BFB Boiler’s modularization and standardization work are beneficial to keep
updated and improve continuously the boiler product and auxiliaries as has been described

previously in Toyota’s example.
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