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1 9 ES OddiAYaSNE

Containership fires remaisignificanteventssince the 1990s. They aome ofthe most costly type of
accidents and can sadly claim livEsntainership fires have been recognized by marine insaeesproblem
worthy of attention, andrecent catastrophic events such as tRESCFLAMINIANd MARSKIONAMhave
elevated the debate around the topic.

Fire safety on board ships is traditionally covered by IMO regulations and class notations. In light of recent
containership fires, DBI believéisat fire safety engineering could be of assistance indeisate, and that
the problemof containership fires itself is netell-defined.

The present CONTAIN project was thus formulated to depict the problem as accasapelysiblevith focus

on the cargo hold, and show how fire safety engineering can benefit the maritime world.

DBI has carried out the project using its own transdisciplinary approach to fire safety engineering, merging
the perspectives of engineering @social sciences to integrate technical, human, and organizational aspects
in the problem definition, feeding each other for input and scoplee projects explored human and
organizational challenges, the perspective of The Blue Denmark, and technistsasiicontainership fires.

Ourwork on human and organizational challenges involved a series of interviews with stakeholders and
mapping workOurexploration of the problem definition highlightedtie main issue of uncertainty, about

the problem, itssolutions, and its ownership in this highly complex value chain. The problem idesdonacal

in nature, so technology alone will not solveHuman and especially organizational aspects must be
AyOf dzZRSRZ FyR GKS a2f dzi A ZyButshduld the pfdblém ke Solved, samieY LI S
stakeholders ask. On the technology side, safety requiremantsgulations and class notatiomgre not
scaledwith the increase in ship size. The industry lacks agreement on technology effectivamndéglieve

in different strategies with respect to technology. It shows the lackedfnical knowledge of the
problemand possible solutions. Lastly, situation awareness on bisagdestioned, together with decision
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making in fire situationsThis leads to questhing the option of firefighting, as well as the need for an
evacuation threshold to ensure safety of theew.

Asacomplemenpurg 2 N] 2y ¢KS . £dz2S 5SyYIN] F20dzAaSR 2y GKS
shipping, and the opportunities fdbanish companies to contribute to the definition and solving of the
containership fire problemAs risks accumulate along the logistics chain transporting contaiirers,
becomes a structural problem set in the value chain, not just a question of temjndloday, Denmark is

0KS ¢g2NIRQa aSO2yR fI NBSaid O2yidlAySNI 26ySNE gAGK
flag.AsThe Blue Denmark provides technological equipment and training foajar part of the world

fleet, containership fires d affect the Danish container industry. Nevertheless, The Blue Denmark retains a
strong worldwide position and reputatiohe main discussions on technology concern detection,
firefighting and extinction, communication and decision suppargeach areaf strength in Denmark,

which need tabe comprehensively consideraa the solution spacence the problem definition reaches
acceptable details. An obvious strategy is through collaboration between companies of varied fields of
activities,involving shippwners,as the solution to the problem will not be unique and simple.

The engineering worfiroposed physical fire tests to verify fire spread hypotheses between
containersOurwork showed that fire could spread vertically through ignition of the plyavdloor,
especially with new floors. Thentainerdoor also promotes fire spread through radiation and combustion
of the sealing materiaHorizontal fire spreasvould be promotedhrough radiation via the walls of the
containers. Beyond general underatiing of the problem, this work served as input for numerical
simulations of fires in cargo holds using Computational Fluid Dynaticsodels reproduced both the
behavior of a single container, and of a section of a cargo hold. The work on the simngia@oshowed that

the three tested fire spread mechanisms may act in combination, and challenges previous findings that the
fire chokes and does not propagate. Models at the cargo hold lakiebugh preliminary, show the
predominance of vertical spreathe sensitivity of detection on device location due to the stacking, and the
influence of stacking on flamgehavior, whicteeems to promote fire spread. The technical review highlights
challenges related to the use of d@the cargo hold, and suggesiaportant considerations for solution
design.

In addition to the above summaries, we support the view that the problem of containershigsficedd be

solved. We showed that the problem is sotézhnical, and will require working on technical, sqcald
2NBFYATFGA2y Lt tS@0Sta G2 ARSYydGATFe | &azfdaZiazyod 2§
TAE¢ pidtemil K S

This work proposes a first collection of insights into the problem of containership fires. We recortonend
expandit along several lines. The understanding of the social and organizational contexts would benefit from
additional interviews with stakeholders that could not be reach during the project period. Additionally, long

term participant observation would providmparalleled insight on life on board, in turn relating to solution
design. In a technical perspective, remaining fire spread mechasisoudd be explored, as well as the
O2Y0AYSR STFSOO 2F GKSaS YSOKI yAaYamtonwokProwariy I NE
needs validation data, which in turns requires a comprehensive test program.

In relation to these lines for future work, DBI intends to investigate possibilities for foloprojects. To this

end, we would like to extend an ination to all interested stakeholders to contact us for discussion of mutual

interests, conflicting impressions, and potential collaboration, so that a solution could one day be found to
the problem of containership fires.
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Major on-board container fires (1996-2019), fatalities @
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Source: Presentation at Gard conference on containership fires, Arendal, Norw&l8 Ottober 2019
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DataSource:Capt. UwePeter Schiedempresentation at Gard conference on containership fires, Arendal, Norwa¥y8 0ct 2019
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10 Danish Institute of Fire and Security Technology and{OBK LJ0i SOK abS¢é FANB a i NI (ECOAckdEngA Yy (i KSE
NB LJ2 NI ¢ =
https://brandogsikring.dk/files/Pdf/FogU/UMOE/N&&20Fire%20Strategies%20in%20the%20Wake%200f%20UMOE%20VENTUS.p
df, last accessed Decembert 2020
N 5FyAdAK LyadAaddziS 2F CANB |yR {SOdzNRGe ¢ SOKy2f 238 'y R
https://brandogsikring.dk/en/researctand-development/maritime/bluebattery/, last accessed December &020
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The project was carried out during a chaligrg year. Th€OVIBL9 pandemiaffectsmany processes
around the world and, unfortunatelyiasaffectedthis project as wellAs a result, the process was disturbed
several times, many stakeholders were unavailable sorde oftheir interviews will takeplaceafter
completion of the project, in 2021.

12 NSI- 608/Rev.1 Interim guidelines for opgap container ships https:/puc.overheid.nl/doc/PUC 2132 14/1/#20459
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HYUNDAFORTUNIfas severely damaged a 2006 fire in the Gulf of Ade{Source: Wikimedia)
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13 Safety and Shipping Review 204%\n annual review of trends and developments in shipping losses and safety. Allianz Global
Corporate and Specialty.
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14 swedish Club, witNiel Sanders from Burgoyn&A NBE H | 3IdzA RS (2 GKS Ok@rardalfiriggage LINBBSyY
study 1 November 3®, 2017. Available at:
https://www.swedishclub.com/media_upload/files/Loss%20Prevention/Fire/TSC%20Fire%20Guide%20%28weh%%&9. pdf

accessed December 82020

Bt ldzE 1 201 Sy 2vioré thad judtBad ludk is beSihd inareasingly frequent atieal container ship fires ¢ ¥ CS 6 NXzl NB
2019. Available atittps://www.hakaimagazine.com/news/firat-seal, last accessed December 18th, 2020

16 |nternational Maritime Organization, Inteational Maritime Solid Bulk Cargoes Code, 2020 Edition
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17 Callesen, F. G. & Blinkenbghgane, M. Container ships Fire related risk. (2017)
18 Container ship fires Overview from a casualty investigator point of view. Jeroen de Haas, Gard Conferencil| Aife@ctober
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Pagel7 of 106



CO N TAI N DBI 4 FIRE AND SECURITY

I f dzY ALyKd2Ya LIKA RS NB PO GBKNEAATI &0 6 K W SNIA NI (G2 LINRRdAzOS
FEILYYIoft SKkSELX 2aA0S 3l ax gKAOK (1Affta AyasSdiao
Fy2dzyd 27 szY)\alyu Ay 2yS LXIFOST 2NJ AT GKS Fdz

2Ny e8yaldAazys GKSy GKS FdzyaA3alyd OFy NBFOG | dzA

AdyAalGAiazy 2F OF NH2 FYRK2NJ L O1lF3Ay3 &dzOK & ol

OSNIiIAy O2yRAUGAZYyAZ KS T dzWA BELH 2BAR yAi 8 St F Y
- CfrYYFI6ES tAljdzAR OF NB2

CtlLYYFLotS tAljdAR O NH2Sa LINBaSyid Nmnala 2F SELX

SELX 2aiA2ya INB 2FiGSy T2tt26SR o0& FANBO®

34 t NEBOGRNBHE hyoz2FNR /2ydFAYySNAKALJA

341 h@SNIWASs
¢ KS | dzii K2 N&A ogfyfnwzéu@ryﬁe KFANBIRAAKRSYGATAOIGAZ2Y &idzR
YR RS@St2LIVSyild 2F FANBa®

342 WS@OASs 2F [/ 2yilAYySNI { KAL) CANBaA

¢ KNRdzZAK G(GKS TFTANB &O0%ySNK 2 ;af(izRB2 (AKRES yf (dAITKE NEDMQ2 v i |
HA MO KESAZY Y NB A4 CLIEBSSWISR Ay
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Tablel - Major cargo container related fires aboard container ships from 13987

Year | Ship(s) Incident / cargo

1996 | HANSA CLIPPER Cargo fire (charcoal)

1996 | MARLENE S. Cargo fire (charcoal)

1997 | BELLATRIX Cargo fire (charcoal)

1997 | CONTSHIP FRANCE Cargo fire / explosion (calcium hypochlorite)

1998 | ACONCAGUA Cargo fire / explosion (calcium hypochlorite)

1998 | DG HARMONY Cargo fire / explosion (calcium hypochlorite). Total loss

1998 | SEA-LAND MARINER Cargo fire (pentane and isopentane)

1999 | CMA DJAKARTA Cargo fire / explosion (calcium hypochlorite)

2002 | HANJIN PENSYLVANIA Cargo fire /explosion (calcium hypochlorite)

2003 | SEA ELEGANCE Cargo fire /explosion (calcium hypochlorite)

2004 | NYK ARGUS Cargo fire (hot stow)

2004 | CSAV ITAJAI Cargo fire / Thiourea Dioxide

2005 | CMV PUNJAB SENATOR Cargo fire (NiMH Rechargeable Batteries)

2006 | HYUNDAI FORTUNE Cargo fire /fexplosion (petroleum based cleaning fluid)

2006 | YM GREEN Cargo fire /fexplosion (unknown)

2000 | MOL PROSPERITY Cargo fire /fire (unknown)

2010 | CHARLOTTE MAERSK Cargo fire (methyl ethyl ketone)

2012 | MSC FLAMINIA Cargo fire / explosion. Loss of life (divinylbenzene)

2012 | AMSTERDAM BRIDGE Cargo fire (calcium hypochlorite)

2013 | MAERSK KAMPALA Cargo fire (unknown)

2013 | CMA CGM LILAC Cargo fire (unknown)

2013 | HANSA BRANDENBURG Cargo fire (calcium hypochlorite)

2013 | EUGEN MAERSK Cargo fire (textiles)

2014 | NOTHERN GUARD Cargo fire (calcium hypochlorite)

2014 | HANJIN ATHENS Cargo fire (calcium hypochlorite)

2015 | CAROLINE MAERSK Cargo fire (charcoal)

2015 | MAERSK LONDRINA Cargo fire (calcium hypochlorite)

2015 | CAPE MORETON Cargo fire (sodium hydroxide)

2015 | KAMALA Cargo fire (unknown)

2015 | HANJIN GREEN EARTH Cargo fire (calcium hypochlorite)

2015 | ALULA Cargo fire (cardboard bales)

2015 | MARENO Cargo fire (charcoal)

2015 | BARZAN Cargo fire (unknown)

2015 | PURPLE BEACH Cargo fire (fertilizer)

2015 | MSC KATRINA Cargo fire (charcoal)

2015 | MAERSK SEOUL Cargo fire (calcium hypochlorite)

2016 | LUDWIGSHAFEN EXPRESS | Cargo fire (charcoal)

2016 | CMA CGM ROSSINI Cargo fire (lithium-ion batteries)

2017 | MSC DANIELA Cargo fire (unknown)
¢tKS FAYRAYy3A FNR Y 0KS KIFTFNR ARSy i(0FAGOdaYA 2 K& LaiCiK
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Figure3 - Causes of fires on board cargo ships in %
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27 (Container majors agree on digital bill of lading Standards shippingwatch.com Dec 8, 2020t
https:// shippingwatch.com/carriers/article12613820.ece , Container association wants to digitize the bill of lading: "the Holy Grail
global trade*®- https://shippingwatch.com/carriers/Container/article12153846.ece )
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Number of APM-Maersk ships as of October 12, 2020

Chartered 382
Owned 308
Order book 14
0 50 100 150 200 250 300 350 400 450
Number of ships

Source Additional Information:

Alphaliner Worldwide; October 12, 2020

© Statista 2020
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34 From Danske Maritimehitps://danskemaritime.dk/presentatiofof-the-danishmaritime-industry/)
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35 Danish Shipping Ultraflashg Danish Shipping Employment (June 2019)
36 Source: Ministry of Foreign Affairs of Denmark
37From Wikipedia ( https://en.wikipedia.org/wiki/ Royal_Arctic_bine
38 Source: DFDS homepage (https://www.dfds.com/en/about/grouptbistory)
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Employmentin Danish Shipping
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Figureb

Source: Annual member survey by Danish Shipping, regarding employment in each of the approx. 100 member companies.
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39 Danish Shipping Ultraflashg Growth in the Danish Flagged Merchant Fleet 2019 (January 2020)
Page42 of 106



CO N TAI N DBI 4 FIRE AND SECURITY

Composition of the Danish Flagged Merchant Fleet
50 years of Container Ship Growth
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40National Cargo Bureawvhite paper- A comprehensive holistic approach to enhasafety and address the carriage of undeclared,
missdeclared and other noicompliant dangerous goods
41 Source: THE CLIMATE PARTNERSHIP FOR BLUE DENMARK
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42 |ISO News Boxing Clever How Standardization built a Global Economy, Barnaby Lewis on 11 Septerb@&r 2
(https://www.iso.org/news/ref2215.html)

43 Source: https://www.imo.org/en/OurWork/Safety/Pages/Containdsfault.aspx

44 Source: https://www.biecode.org/aboutus/history/

45 Source: https://www.porttechnology.org/news/10_unknown_facts_about_shippingitaioers/
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5.6 Summary anddonclusions

This chapter describéle Blue Denmark's role arichportance in the global container shipping logistics
chain and including the opportunities to contribute solutions.

The Blue Denmark is widely represented in container shipping with the representation of shipping
companies with a significant fleetgight forwarders, designers, equipment manufacturers, manning with
Danish trained ship officers, the operation of ships as well as a maritime strong flag state, and this includes
opportunities to focus on fire safety and to make bids for new technolodgr agistics and a new mindset

that can help break the chain dfffusedresponsibility that characterizes the logistics chdineBlue

Denmark has a strong innovation environment, which through projects and partnerships can make this
happen.

The sizeof container ships has grown dramatically (22,000 + TEU, in 2018hediO regulations &
codesrulesfrom Classas well as standards for desigrontainerconstruction,fire safetyandfire training
in relation to the types of fires we know todayveabeen followed. All stakeholders with whom DBI
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havebeen in contactvith, in connection with theCONTAINroject agree that theeurrentrules are
inadequate andome everoutdated. At the same time, however, this situation afgesents
afantasticopportunity to influence future standards and rules.

Thelogistic pathof acontainerfrom A¢ Z in the global shipping market is a complex process, and the
complexity of the supply chain is in itself a major fire risk due to many linkdikrted responsiliities.

Delaysof the container along the waglsohave a major impact on the fire risk, partly because an early
delay typically leads to further delays, which can lead toitfiteating selfignition of both organic and
inorganic materials as welsahemicalsThe long supply chain creates an accumulated risk of fire, as the
many links in the chain can contribute new risks.

Thephysicakondition of each container, botlvhennewly produced andhroughoutits lifetime, and the
link between damagéo containers and the emergence and spread of the fire has not been adequately
investigated. This may ba result ofboth the low pricefor a single container and the low freight rates,
whichmake it unattractive to strengthethe fire safetycharacterisicson the container itselfHere there is
potentially an area for innovative Danish companies to explore
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Photo fom theaccident report into theMAERSK HONAfMe. (Photocredit Smi)
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Table2 ¢ List of key parameters obtained from tieene calorimeter
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Table3 ¢ Experimental Bsign
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HPp yt n MdcC
Hp MH®E O HHC
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* Some data was lost, or measurements malfunctioned
these tests, thus they are not included in the results sectio
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50 Gratkowski, M. & Dembsey, N.A. & Beyler, Craig. (2006). Radiant smoldering ignition of piine8dfety Journal. 41. 4243,
10.1016/j.firesaf.2006.03.006.
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51 Addressing the regulatory deficiencieblelle Hammer, Chair IUMI Policy Forum, Gard conference on container shiphfieeslal,
18 October2019
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Figure25 ¢ possible alternatives (using 40ft, or 20 & 10ft containers) for minimum requirements to investigate
interactions between mechanisms and rate of spread from contaifierigin
[note: container stacks should be at least 3 highl].
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52\Wilkens Fleckno®rown, K & van Hees, P 2020, 'Experimental investigation into the influence of ignitionamatilame spread
and heat release rates of polyurethane foam slabs', Fire and Matertgbs://doi.org/10.1002/fam.2921
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Transverse crossmembers
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Ventilation
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