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Rezumat

Tranzitia cdtre sustenabilitate in industria suddrii si lipirii reprezintd o necesitate urgentd, nu doar o optiune
tehnologicd. In contextul european actual, marcat de legislatie strictd privind reducerea emisiilor (Green
Deal, CSRD, ETS), sistemele de sudare trebuie regdndite prin prisma impactului ecologic, social si economic.
Sudarea, desi perceputd traditional ca un proces tehnic, influenteazd profund amprenta de carbon a produse-
lor si eficienta utilizdrii resurselor.

Sustenabilitatea are cinci dimensiuni interdependente: ecologicd, economicd, sociald, strategicd si
institutionald. Pentru domeniul Tmbindrilor, acestea se reflectd in alegerea tehnologiilor cu emisii reduse,
eficientd energeticd, optimizare de materiale si protectia muncitorilor. Sudarea cu fascicul laser, sudarea prin
frecare si lipirea structurald sunt exemple de tehnologii moderne cu amprentd redusd.

Un santier naval tipic (cu 200-300 sudori, peste 500 tone de materiale de adaos/an, sudare MAG 135/136 —
70%, SF 121 — 25%, SE — 4%) are o incdrcaturd ecologicd mare: emisii din CO; tehnic, fumuri metalice, stropi,
zgurd, tratamente termice cu flacdrd, deseuri industriale periculoase. In aceastd configuratie, sustenabili-
tatea necesitd interventii in toate zonele functionale: logisticd, echipamente, proceduri, formare, gestiune a
deseurilor, monitorizare energeticad.

Solutiile propuse includ: reorganizarea distributiei gazelor, pre-reciclarea componentelor, digitalizarea con-
sumurilor, optimizarea echipamentelor, formarea profesionald specificd, coordonare tehnicd pe criterii ESG si
certificdri internationale (ISO 14001, 50001, 3834). Integrarea sustenabilitdtii devine un avantaj competitiv
major pentru santierele care aleg sa investeascd responsabil in viitorul lor ecologic, financiar si social.

Cuvinte cheie
Procese de sudare, sustenabilitate, tehnologii ecologice, santier naval, management si coordonare

Abstract

The transition to sustainability in the welding and brazing industry is an urgent necessity, not just a techno-
logical option. In the current European context, marked by strict legislation on emission reduction (Green
Deal, CSRD, ETS), welding systems must be rethought in terms of ecological, social and economic impact.
Welding, although traditionally perceived as a technical process, profoundly influences the carbon footprint
of products and the efficiency of resource use.

Sustainability has five interrelated dimensions: ecological, economic, social, strategic and institutional. For
the field of joints, these are reflected in the choice of low-emission technologies, energy efficiency, material
optimization and worker protection. Laser beam welding, friction welding and structural bonding are exam-
ples of modern technologies with a small footprint.

A typical shipyard (with 200-300 welders, over 500 tons of filler materials/year, MAG 135/136 welding — 70%,
SF 121 —25%, SE —4%) has a high ecological load: emissions from technical CO,, metal fumes, spatter, slag,
flame heat treatments, hazardous industrial waste. In this configuration, sustainability requires interventions
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in all functional areas: logistics, equipment, procedures, training, waste management, energy monitoring.

The proposed solutions include: reorganization of gas distribution, pre-recycling of components, digitaliza-
tion of consumption, optimization of equipment, specific professional training, technical coordination based
on ESG criteria and international certifications (ISO 14001, 50001, 3834). The integration of sustainability
becomes a major competitive advantage for shipyards that choose to invest responsibly in their ecological,

financial and social future.
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Welding processes, sustainability, green technologies, shipyard, management and coordination

1. Procesele de imbinare si sustena-
bilitatea — un dialog necesar

Tn contextul actual al tranzitiei ecologice si al crizelor
multiple care afecteaza planeta — de la schimbarile
climatice si epuizarea resurselor, pana la inegalitati
sociale si instabilitate economica — discutia despre
sustenabilitate nu mai este o optiune, ci o necesi-
tate. Acest dialog trebuie extins in toate ramurile in-
dustriei, inclusiv in domeniul sudarii si al procedee-
lor conexe. Desi, la prima vedere, sudarea pare un
segment tehnic strict legat de eficienta si rezistenta
mecanica, in realitate, ea joacd un rol critic Tn du-
rabilitatea si amprenta ecologica a intregului lant
de productie. Procesele de imbinare sunt implicate
in aproape toate industriile: constructii metalice,
automobile, energie, aeronautica, naval, feroviar,
constructii civile, dar si in infrastructura energetica
pentru surse regenerabile. Asadar, orice ineficienta,
pierdere de material sau utilizare de tehnologii in-
vechite Tn aceste procese se traduce intr-un consum
suplimentar de resurse, emisii de carbon si, impli-
cit, o contributie negativa la dezechilibrul ecologic
global. Pe de altda parte, modernizarea metodelor
de sudare si integrarea principiilor sustenabilitatii
in aceasta zona industriala pot genera un impact
pozitiv major: reducerea consumului de energie, uti-
lizarea eficientd a materialelor, scaderea emisiilor si
cresterea duratei de viata a produselor finite.

Este nevoie, prin urmare, de o schimbare de
paradigma: procesele de imbinare trebuie regan-
dite nu doar prin prisma performantei tehnice, ci si
a responsabilitatii fata de mediul natural si fata de
generatiile viitoare.

Este evident faptul ca trecerea la o astfel de noua
realitate presupune o serie de costuri care nu vor fi
mici, iar efortul financiar al firmelor va fi unul mare,
dar intr-o Europa in care legislatia are un sens unic
si anume reducerea amprentei de carbon, o astfel
de tranzitie devine obligatorie indiferent de costurile
aferente.
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1. Joining processes and sustainability
— a necessary dialogue

In the current context of ecological transition and the
multiple crises affecting the planet — from climate
change and resource depletion, to social inequali-
ties and economic instability — the discussion about
sustainability is no longer an option, but a neces-
sity. This dialogue must be extended to all branches
of industry, including welding and related processes.
Although, at first glance, welding seems to be a tech-
nical segment strictly related to efficiency and me-
chanical resistance, in reality it plays a critical role in
the sustainability and ecological footprint of the en-
tire production chain. Joining processes are involved
in almost all industries: metal construction, automo-
tive, energy, aeronautics, naval, railway, civil construc-
tion, but also in energy infrastructure for renewable
sources. Therefore, any inefficiency, loss of material
or use of outdated technologies in these processes
translates into additional consumption of resources,
carbon emissions and, implicitly, a negative contribu-
tion to the global ecological imbalance. On the other
hand, the modernization of welding methods and the
integration of sustainability principles in this industrial
area can generate a major positive impact: reducing
energy consumption, efficient use of materials, de-
creasing emissions and increasing the lifespan of fin-
ished products.

A paradigm shift is therefore needed: joining process-
es must be rethought not only from the perspective
of technical performance, but also of responsibility
towards the natural environment and future genera-
tions.

It is obvious that the transition to such a new reality
involves a series of costs that will not be small, and
the financial effort of companies will be great, butina
Europe where legislation has a single meaning, name-
ly reducing the carbon footprint, such a transition be-
comes mandatory regardless of the associated costs.
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1.1 Sustenabilitatea — un concept complex
Sustenabilitatea este, in esentd, capacitatea unui sis-
tem —fie el economic, social, institutional sau tehno-
logic — de a functiona si de a se dezvolta pe termen
lung, fard a compromite resursele si echilibrele
necesare generatiilor urmatoare. Nu este vorba
doar despre protectia mediului, asa cum este dese-
ori perceputa in mod simplist, ci despre un echilibru
multidimensional Tntre progresul economic, echi-
tatea sociald, buna guvernanta si responsabilitatea
fata de natura [1]. Vorbim, asadar, despre cinci com-
ponente principale ale sustenabilitatii:

a. 0 componenta ecologicd (de mediu), care are
ca obiectiv conservarea resurselor naturale si
protectia mediului. Aceasta implica utilizarea
responsabila a resurselor, reducerea poluarii,
gestionarea eficientd a deseurilor si regene-
rarea ecosistemelor. in cazul producatorilor de
structuri sudate acest lucru s-ar putea traduce
prin tehnologii care reduc emisiile de gaze,
optimizeaza consumul de gaz protector sau per-
mit refolosirea deseurilor metalice [1-3]

b.o componentd economica vizdnd dezvoltarea
economica durabila si viabilitatea financiara pe
termen lung, fara a compromite capitalul natural
sau cel social. in domeniul imbinarilor, este vorba
despre investitii in inovatii tehnologice, automa-
tizare, digitalizare si metode de lucru [2] care re-
duc costurile si riscurile pe termen lung

c. 0 componenta sociala care vizeaza echitatea,
incluziunea, coeziunea sociald si bundstarea
generald a populatiei. Intr-un mediu industri-
al, aceasta se reflecta in conditiile de munca,
protectia angajatilor, formarea continua, impli-
carea comunitatilor locale si asigurarea unei cul-
turi organizationale etice

d. o componenta strategica care are rolul de a integra
sustenabilitatea in gandirea si planificarea pe ter-
men lung. Fiecare organizatie, inclusiv cele din sec-
torul fabricatiei prin sudare, trebuie sa dezvolte vi-
ziunisi obiective durabile care sa ghideze investitiile,
cercetarea si dezvoltarea, precum si adaptarea la
schimbadrile legislative sau de piatd [2-3]

e. 0 componentad institutionald care face referire la
capacitatea organizatiilor si institutiilor publice
de a functiona eficient, legitim si stabil, in spriji-
nul interesului public si al obiectivelor de dezvol-
tare durabila.

Tnindustriile care utilizeaza procese de sudare, aceas-
ta implica adoptarea de standarde internationale
(ex. 1SO 14001, I1SO 26000), audituri interne si co-

1.1 Sustainability— a complex concept

Sustainability is, in essence, the capacity of a sys-
tem — be it economic, social, institutional or techno-
logical — to function and develop in the long term,
without compromising the resources and balances
needed for future generations. It is not just about
environmental protection, as is often simplistically
perceived, but about a multidimensional balance
between economic progress, social equity, good
governance and responsibility towards nature.[1]
We are therefore talking about five main compo-
nents of sustainability:

a. an ecological (environmental) component, which
aims to conserve natural resources and protect
the environment. This involves the responsible
use of resources, reducing pollution, efficient
waste management and regeneration of ecosys-
tems. In the case of welded structure manufac-
turers this could translate into technologies that
reduce gas emissions, optimize the consump-
tion of protective gas or allow the reuse of metal
waste [1-3]

b.an economic component aiming at sustainable
economic development and long-term financial
viability, without compromising natural or social
capital. In the field of mergers, this is about in-
vestments in technological innovations, automa-
tion, digitalization and working methods [2] that
reduce costs and risks in the long term

c. a social component aimed at equity, inclusion,
social cohesion and the general well-being of the
population. In an industrial environment, this is
reflected in working conditions, employee pro-
tection, continuous training, the involvement of
local communities and ensuring an ethical or-
ganizational culture

d.a strategic component that aims to integrate
sustainability into long-term thinking and plan-
ning. Every organization, including those in the
welding manufacturing sector, must develop sus-
tainable visions and objectives that guide invest-
ment, research and development, and adapta-
tion to legislative or market changes [2-3]

e.an institutional component that refers to the
capacity of public organizations and institutions
to function efficiently, legitimately and stably, in
support of the public interest and sustainable
development objectives.

In industries using welding processes, this involves
the adoption of international standards (e.g. 1SO
14001, ISO 26000), internal audit assessment and
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laborare cu structuri publice pentru implementarea
de politici durabile [2-4].

1.2 Parcursul legislativ european in ultimii 25 de ani
In Europa, dimensiunea sustenabilitdtii a cipatat
o forma institutionala si juridica solida Tncepand
cu anul 2000, cand Comisia Europeand a initiat un
proces amplu de tranzitie de la masuri sectoriale la
politici integrate si proactive privind mediul. Acest
moment poate fi considerat ,sfarsitul unei lumi” si
inceputul unei ere noi, In care protectia mediului
devine un obiectiv central in toate politicile publice
si economice.

Un prim pas semnificativ a fost adoptarea celui de-
al 6-lea Program de Actiune pentru Mediu al Uniu-
nii Europene (2001-2010). Acesta a oferit un cadru
de referintd pentru politicile europene in domenii
precum protectia climei, biodiversitatea, sandtatea
umana si mediul urban. Totodatd, a pus bazele extin-
derii si integrarii unor instrumente esentiale precum:

e promovarea celor mai bune tehnologii disponi-
bile pentru reducerea impactului industrial- BAT
(Best Available Techniques).

e eco-inovarea prin sprijinirea cercetarii si a
inovatiei in directia sustenabilitatii.

¢ etichetarea ecologica, cu scopul de a ghida con-
sumatorii si operatorii industriali spre produse si
procese mai prietenoase cu mediul.

e un sistem voluntar de management de mediu si
auditare, cunoscut sub numele de EMAS (Eco-
Management and Audit Scheme).

Tot Tn aceastd perioadd a fost pregatitd implemen-
tarea sistemului de certificate de emisii (ETS), lansat
oficial n 2005, care a devenit principalul mecanism
de piatd al UE pentru reducerea emisiilor de gaze cu
efect de serd. In paralel, au inceput si primele inven-
tare nationale detaliate ale emisiilor GES, in conformi-
tate cu Protocolul de la Kyoto (1997), contribuind la
fundamentarea stiintifica a politicilor climatice.
Aceasta evolutie legislativa a continuat si s-a accelerat
in ultimele doua decenii, culminand cu Pactul Ecologic
European (Green Deal), Noua Strategie Industriala
pentru UE, reglementarile ESG, taxonomia UE pentru
investitii sustenabile si directivele referitoare la econo-
mia circulara si neutralitatea climatica pana in 2050.

1.3 Amprenta de carbon in sudare si lipire — o res-
ponsabilitate tehnologica si ecologicd

Indicatorul comun tuturor factorilor industriali (si
nu numai) care impacteaza mediul este amprenta
de carbon. Amprenta de carbon reprezinta canti-
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collaboration with public structures to implement
new sustainable policies [2-4].

1.2 European legislative history over the last 25 years
In Europe, the sustainability dimension has taken on
a solid institutional and legal form since 2000, when
the European Commission initiated a broad process
of transition from sectoral measures to integrated
and proactive environmental policies. This moment
can be considered the “end of a world” and the be-
ginning of a new era, in which environmental pro-
tection becomes a central objective in all public and
economic policies.

A significant first step was the adoption of the 6th En-
vironment Action Programme of the European Union
(2001-2010). It provided a reference framework for
European policies in areas such as climate protection,
biodiversity, human health and the urban environ-
ment. It also laid the foundations for the expansion
and integration of essential instruments such as:

e promoting the best available technologies for
reducing industrial impact - BAT (Best Available
Techniques).

e eco-innovation by supporting research and inno-
vation towards sustainability.

e eco-labelling, with the aim of guiding consumers
and industrial operators towards more environ-
mentally friendly products and processes.

e a voluntary environmental management and
auditing system, known as EMAS (Eco-Manage-
ment and Audit Scheme).

Also, during this period, preparations were made
for the implementation of the EU Emissions Trading
System (ETS), officially launched in 2005, which be-
came the EU's main market mechanism for reducing
greenhouse gas emissions. In parallel, the first de-
tailed national inventories of GHG emissions began,
in accordance with the Kyoto Protocol (1997), thus
contributing to the scientific basis of climate policies.
This legislative evolution has continued and acceler-
ated over the last two decades, culminating in the
European Green Deal, the New Industrial Strategy
for EU, ESG regulations, the EU taxonomy for sus-
tainable investments, and directives on the circular
economy and climate neutrality by 2050.

1.3 Carbon footprint in welding and brazing — a
technological and ecological responsibility

The common indicator of all industrial factors (and
not only) that impact the environment is the car-
bon footprint. The carbon footprint represents the
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tatea totald de emisii de gaze cu efect de sera (GES)
— exprimata n echivalent CO, (CO,e) — generate direct
sau indirect de o persoana, organizatie, produs, proces
sau serviciu. In industriile care utilizeaza procese de su-
dare si lipire, aceastd amprenta este rezultatul cumu-
lativ al consumului de energie, al utilizarii materialelor,
materiilor prime si consumabilelor (sarme, electrozi,
gaze tehnice, duze de contact etc.), al proceselor auxi-
liare si al ciclului de viata al materialelor implicate [3-4].
Exista trei categorii de emisii relevante pentru siste-
mele de imbinare prin sudare si/sau lipire:

a. emisiile directe (Scope 1), care apar atunci cand
sistemul de sudare utilizeaza diverse echipamente
(in special auxiliare, care tin de logistica fabricatiei)
alimentate cu combustibili fosili (ex. propan,
acetilend), care ard local si genereaza GES.

b. emisiile indirecte (Scope 2), care sunt generate de
energia electrica consumata de echipamentele de
sudare (ex. MIG/MAG, TIG, sudare prin rezistenta),
precum si de echipamentele si dispozitivele de
pozitionare si fixare utilizate de sistemul de sudare,
daca aceasta provine din surse neregenerabile.

c. alte tipuri de emisii indirecte (Scope 3), acestea
incluzand emisiile rezultate din extractia mate-
rillor prime (otel, aluminiu), transportul echipa-
mentelor si al materialelor de adaos, fabricarea
gazelor industriale, tratarea deseurilor sau chiar
faza de intretinere a structurilor sudate.

Importanta reducerii amprentei de carbon in acest
domeniu este dubla: pe de o parte, contribuie la
atingerea obiectivelor climatice nationale si euro-
pene, iar pe de altd parte creste eficienta energetica
si competitivitatea economica a organizatiei. Astfel,
alegerea unor tehnologii cu consum redus de ener-
gie (ex. sudarea cu fascicul laser, sudarea prin frecare
cu element activ rotitor sau sudarea cu ultrasunete),
integrarea surselor regenerabile, reutilizarea mate-
rialelor de adaos si optimizarea proceselor devin nu
doar bune practici tehnice, ci siimperative strategice
de sustenabilitate.

2. Sistemele de sudare si lipire in
tranzitia catre fabricatie sustenabila:
de la practici conventionale la respon-
sabilitate industriala

n peisajul industrial contemporan, sistemele de su-
dare silipire nu mai pot fi evaluate exclusiv prin prisma
performantei tehnice sau a criteriilor economice cla-
sice. Din ce Tn ce mai mult, sustenabilitatea devine un

total amount of greenhouse gas emissions (GHG) —
expressed in CO, equivalent (CO,e) — generated di-
rectly or indirectly by a person, organization, product,
process or service. In industries that use welding and
soldering processes, this footprint is the cumulative re-
sult of energy consumption, the use of materials, raw
materials and consumables (wires, electrodes, techni-
cal gases, contact nozzles etc.), auxiliary processes and
the life cycle of the materials involved [3-4].

There are three categories of emissions relevant for
welding and/or soldering joining systems:

a. direct emissions (Scope 1), which occur when
the welding system uses various equipment (es-
pecially auxiliary, related to manufacturing logis-
tics) powered by fossil fuels (e.g. propane, acety-
lene), which burn locally and generate GHG.

b.indirect emissions (Scope 2), which are gener-
ated by the electrical energy consumed by weld-
ing equipment (e.g. MIG/MAG, TIG, resistance
welding), as well as by the positioning and fixing
equipment and devices used by the welding sys-
tem, if this comes from non-renewable sources.

c. other types of indirect emissions (Scope 3), these
include emissions resulting from the extraction
of raw materials (steel, aluminum), the transport
of equipment and filler materials, the manufac-
ture of industrial gases, waste treatment or even
the maintenance phase of welded structures.

The importance of reducing the carbon footprint
in this area is twofold: on the one hand, it contrib-
utes to achieving national and European climate
objectives, and on the other hand, it increases the
energy efficiency and economic competitiveness
of the organization. Thus, the choice of low-ener-
gy technologies (e.g. laser beam welding, friction
stir welding or ultrasonic welding), the integration
of renewable sources, the reuse of filler materials
and the optimization of processes become not only
good technical practices, but also strategic sustain-
ability imperatives.

2. Welding and bonding systems in the
transition to sustainable manufactur-
ing: from conventional practices to in-
dustrial responsibility

In the contemporary industrial landscape, welding
and bonding systems can no longer be evaluated
solely in terms of technical performance or classi-
cal economic criteria. Increasingly, sustainability is
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criteriu central in analiza si proiectarea proceselor de
fabricatie, determindnd modul in care organizatiile
aleg tehnologii, investesc in infrastructura sau
formeaza personalul.
Intr-o companie industriald modernd, sistemul de
sudare este o entitate complexa, formata dintr-o
retea interdependenta de resurse: echipamente,
proceduri, materiale, software, personal si strategii
de evaluare a calitatii sudurilor si produselor sudate.
Aceasta retea functioneaza ca un organism care
genereaza nu doar produse finite, ci si consum de
resurse, emisii, deseuri si efecte pe termen lung asu-
pra mediului si comunitatii.
De ce ar trebui ca sudarea sa fie regandita in cheia
sustenabilitatii?
Sudarea si lipirea sunt implicate Tn aproape toate
etapele lanturilor valorice industriale. De la struc-
turi metalice grele si agabaritice pana la micro-
componente electronice, procesele de Tmbinare
influenteaza durata de viatd, fiabilitatea, costul de
mentenanta si posibilitatile de reciclare ale produse-
lor. Mai mult decat atat, aceste procese afecteaza:

¢ eficienta consumului de energie si materiale;

e sdnatatea operatorilor si siguranta muncii;

e volumul si tipul de deseuri rezultate;

e adaptabilitatea la reglementarile de mediu in

continud schimbare.

Din aceste motive, este esential ca fiecare companie care
opereaza cu procese de sudare sau lipire sa isi evalueze
sistemul de fabricatie nu doar in termeni de productivi-
tate, ci si prin prisma amprentei de sustenabilitate.
Tranzitia catre o fabricatie durabila nu se poate face
printr-o singurd masura, ci prin transformari simul-
tane Tn mai multe planuri. Poate cele mai relevante
directii de actiune identificate in practica industriala
sunt cele prezentate in continuare.

2.1 Evolutia tehnologiilor de sudare
Tn cazul producétorilor de structuri sudate / lipite care
adoptad o viziune sustenabild, alegerea tehnologiilor
de imbinare nu mai este dictatda doar de rezistenta
imbinarii sau de viteza de executie. Sunt preferate
procesele care au si un randament energetic ridicat,
care produc si zone influentate termic reduse si care
au si o capacitate crescuta de automatizare, cum ar fi:
e sudarea cu fascicul laser, caracterizata printr-un
consum redus de energie, viteza de sudare mare,
precizie ridicata si pierderi minime de material
e sudarea prin frecare cu element activ rotitor, in
care nu se consuma de gaze tehnice sau meta-
le de adaos, este aplicabild cu preponderentd
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becoming a central criterion in the analysis and de-
sign of manufacturing processes, determining how
organizations choose technologies, invest in infra-
structure or train personnel.
In a modern industrial company, the welding system
is a complex entity, formed by an interdependent
network of resources: equipment, procedures, ma-
terials, software, personnel and strategies for evalu-
ating the quality of welds and welded products. This
network functions as an organism that generates not
only finished products, but also resource consump-
tion, emissions, waste and long-term effects on the
environment and the community.
Why should welding be rethought in the key to sus-
tainability?
Welding and soldering are involved in almost all
stages of industrial value chains. From heavy and
oversized metal structures to microelectronic com-
ponents, joining processes influence the lifespan, re-
liability, maintenance cost and recyclability of prod-
ucts. Furthermore, these processes affect:

e energy and material consumption efficiency;

e operators' health and occupational safety;

¢ the volume and type of waste generated;

¢ adaptability to ever-changing environmental reg-

ulations.

For these reasons, it is essential that every com-
pany operating with welding or soldering processes
evaluate its manufacturing system not only in terms
of productivity, but also in terms of its sustainability
footprint.
The transition to sustainable manufacturing cannot
be achieved through a single measure, but through
simultaneous transformations on several levels. Per-
haps the most relevant directions of action identi-
fied in industrial practice are presented below.

2.1 Evolution of welding technologies
For manufacturers of welded/bonded structures adopt-
ing a sustainable vision, the choice of joining technolo-
gies is no longer dictated solely by joint strength or ex-
ecution speed. Processes that are also energy efficient,
can produce reduced heat-affected zones, and have
increased automation capacity are preferred; it can be
reminded here the next types of processes:
¢ laser beam welding, characterized by low energy
consumption, high welding speed, high precision
of execution and minimal material loss
e friction welding with a rotating active element,
in which no technical gases or filler metals are
consumed, is applicable predominantly to light
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la aliaje usoare si moi si produc Tmbinari cu
rezistentd si stabilitate mecanica ridicate si nu
este Tnsotita de emisii de fumuri metalice
e lipirea cu adezivi, un proces structural aplicabil
si Tn cazul unor materiale de baza diferite, fara
emisii de fumuri metalice si usor de automatizat.
Alegerea unui proces modern influenteaza pozitiv
nu doar eficienta energetica, ci si posibilitatea de
integrare in fluxuri digitale de control si optimizare.

2.2 Redefinirea rolului echipamentelor
Echipamentele de sudare moderne integreaza sis-
teme de control digital, senzori inteligenti, feedback
in timp real si interfete pentru analiza datelor. Prin
aceste caracteristici, ele permit:

e un reglaj precis al parametrilor tehnologici, pen-
tru a evita risipa de material si energie;

e cresterea duratei de viata a componentelor si re-
ducerea interventiilor de mentenanta;

e corelarea datelor de productie cu indicatorii de
sustenabilitate (ex. consum specific per ciclu de
sudare);

e conectarea la platforme digitale de tip Industrie
4.0, care permit optimizarea integrata a intregu-
lui atelier.

Echipamentele care consuma energie doar pe du-
rata activa a procesului de sudare, care permit racire
pasiva sau au componente modulare pentru inlo-
cuire eficientd, sunt esentiale intr-un sistem durabil.

2.3 Consumabilele ca sursd de performanta si res-
ponsabilitate

Sudarea presupune, in multe cazuri, utilizarea de con-
sumabile: electrozi, sarma de adaos, gaze de protectie,
fluxuri. Tntr-o abordare sustenabild, se pune accent pe:

e reducerea cantitatii de material pierdut sub
forma de zgura sau fum;

e managementul ambalajelor;

e compozitia chimicd, in sensul evitarii metalelor
grele si utilizarii de compusi non-toxici;

e provenientd, existand preferinte pentru anumiti
furnizori, fie ca sunt locali, fie ca sunt certificati
ecologic.

Totodatad, exista si o tendinta de dezvoltare a con-
sumabilelor reciclabile si fabricate prin procese cu
amprentd redusa de carbon.

2.4 Importanta personalului si a formdrii continue
Indiferent de nivelul de automatizare, oamenii
raman esentiali. In sistemele sustenabile, formarea
profesionald capata o dimensiune dubla: pe de o

and soft alloys and produces joints with high me-
chanical strength and stability and is not accom-
panied by emissions of metal fumes
¢ bonding with adhesives, a structural process ap-
plicable to different base materials, without met-
al fume emissions and easy to automate.
Choosing a modern process positively influences not
only energy efficiency, but also the possibility of in-
tegration into digital control and optimization flows.

2.2 Redefining the role of equipment

Modern welding equipment integrates digital con-
trol systems, intelligent sensors, real-time feedback
and interfaces for data analysis. Through these fea-
tures, they allow:

e precise adjustment of parameters to avoid waste
of material and energy; increasing the lifespan
of components and reducing maintenance inter-
ventions;

e correlation of production data with sustainability
indicators (e.g. specific consumption per welding
cycle);

e connecting to Industry 4.0 digital platforms,
which allow integrated optimization of the entire
workshop.

Equipment that consumes energy only during the active

duration of the welding process, that allows for passive
cooling, or has modular components for efficient re-
placement, are essential in a sustainable system.

2.3 Consumables as a source of performance and
responsibility

Welding often involves the use of consumables:
electrodes, filler wire, shielding gases, fluxes. In a
sustainable approach, emphasis is placed on:

¢ reducing the amount of material lost in the form
of slag or smoke;

¢ packaging management;

e chemical composition, in the sense of avoiding
heavy metals and using non-toxic compounds;

e provenance, with preferences for certain sup-
pliers, whether they are local or certified or-
ganic.

At the same time, there is also a trend towards the
development of recyclable and low-carbon footprint
consumables.

2.4 The importance of staff and continuous training
Regardless of the level of automation, people re-
main essential. In sustainable systems, professional
training takes on a double dimension: on the one
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parte, sudorii trebuie sa cunoasca noile tehnologii,
noile echipamente inteligente, metodele de control
digital, iar pe de alta parte, trebuie sa fie constienti
de impactul propriilor decizii asupra mediului.
Sunt necesare module dedicate de instruire care sd
vizeze:
e reglarea echipamentelor pentru obtinerea unei
eficiente energetice maxime;
e reducerea pierderilor de material;
e reciclarea si gestionarea deseurilor;
e colaborarea cu celelalte echipe pentru trasabili-
tate si pentru raportarea ESG.
n plus, promovarea culturii organizationale bazate
pe responsabilitate si constientizare ecologica aduce
beneficii pe termen lung.

2.5 Practica coordondrii sustenabile a sistemelor
de sudare

Asa cum se specifica anterior, un sistem de sudare
durabil nu functioneaza haotic, ci este guvernat de
un cadru clar: proceduri tehnice, politici interne, sis-
teme de monitorizare si coordonare. O coordonare
eficienta presupune:

¢ stabilirea de obiective si indicatori de sustenabili-
tate pentru atelierul de sudare;

e actualizarea documentatiei tehnice (WPS,
WPQR) pentru a integra criteriile ecologice;

e alinierea proceselor la standardele de mediu
internationale (ISO 14001, ISO 50001);

e crearea unui sistem de trasabilitate pentru fie-
care Tmbinare: ce materiale au fost folosite, ce
emisii s-au generat, ce consum s-a inregistrat;

e introducerea de audituri interne privind
performanta ecologica a sudarii.

Astfel, coordonarea devine un act de guvernanta
industriala si nu doar o verificare tehnica.

2.6 Verificarea si controlul in logica sustenabilitatii
Controlul calitatii nu mai este legat doar de detecta-
rea imperfectiunilor si/sau a defectelor. In sistemele
moderne, trebuie dezvoltat si un mecanism de con-
trol al sustenabilitatii. Prin acesta:
e se monitorizeaza consumurile energetice si de
gaz la nivel de echipament si operator;
* se evalueaza raportul dintre volumul materialu-
lui consumat si cel al produsului;
e se colecteazd date despre durata de viatd a
echipamentelor si necesarul de mentenanta;
e se verifica respectarea instructiunilor de utilizare
eficienta a consumabilelor.
Acest tip de control duce la decizii informate, la
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hand, welders must know new technologies, new
smart equipment, digital control methods, and on
the other hand, they must be aware of the impact of
their own decisions on the environment.
Dedicated training modules are needed to ad-
dress:
e adjusting equipment to achieve maximum en-
ergy efficiency;
e reducing material losses;
e recycling and waste management;
e collaborating with other teams for traceability
and ESG reporting.
In addition, promoting an organizational culture
based on responsibility and environmental aware-
ness brings long-term benefits.

2.5 Practice of sustainable coordination of welding
systems

As previously specified, a sustainable welding sys-
tem does not operate chaotically, but is governed
by a clear framework: procedures, internal policies,
monitoring and coordination systems. Effective co-
ordination requires:

e establishing sustainability objectives and indica-
tors for the welding shop;

e updating technical documentation (WPS, WPQR)
to integrate ecological criteria;

e aligning processes with environmental standards
(ISO 14001, ISO 50001);

e creating a traceability system for each joint: what
materials were used, what emissions were gen-
erated, what consumption was recorded;

e introducing internal audits on the environmental
performance of welding.

Coordination thus becomes an act of industrial gov-
ernance and not just a technical check.

2.6 Verification and control in the logic of sustainability
Quiality control is no longer just about detecting im-
perfections and/or defects. In modern systems, a
sustainability control mechanism must also be de-
veloped. Through this:
e energy and gas consumption is monitored at
equipment and operator level;
e the ratio between the volume of material con-
sumed and that of the product is evaluated;
e datais collected about the lifespan of equipment
and maintenance needs;
e compliance with instructions for the efficient use
of consumables is verified.
This type of control leads to informed decisions, con-
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fmbunadtdtirea continua si la raportari precise in
cadrul politicilor de mediu si guvernanta corporativa.

2.7 Rolul infrastructurii si al logisticii operationale
La baza oricarui sistem de sudare sustenabil std o
infrastructura bine organizata, capabila sa sprijine
fara risipd activitdtile specifice fabricatiei. Elementele
esentiale ale unei astfel de infrastructuri, pregatite
pentru a sustine eficient fabricatia, sunt sisteme
expert care populeaza sistemul de fabricatie in di-
versele lui puncte mai mult sau mai putin nevralgice
din punct de vedere al impactului asupra mediului:

e sisteme de distributie optimizata a gazelor
tehnice;

e statii de recuperare si reciclare a deseurilor
metalice si nemetalice provenind din sistemul de
fabricatie, precum si de recuperare si reciclare a
ambalajelor care au insotit diversele consuma-
bile achizitionate;

e trasee de alimentare a echipamentelor fara
pierderi de presiune sau energie;

e zone de depozitare ventilate, care previn riscuri-
le de siguranta si pierderile de materiale;

¢ platforme software pentru gestionarea digitala a
stocurilor, consumurilor si trasabilitatii.

Logistica sustenabild sustine, astfel, atat performanta
operationald, cat si conformarea ecologica.

3. Analiza sustenabilitatii ecologice a
unui santier naval - directii si masuri
de tranzitie catre fabricatia ecologica

Industria navald, prin natura sa, este una dintre ra-
murile cele mai complexe si mai intens consuma-
toare de resurse ale sectorului producator de struc-
turi sudare. Intr-un santier naval mediu sau mare,
activitatile implica procese de tdiere, imbinare, de-
formare / indreptare, finisare, curatare si protejare a
unor structuri metalice de mari dimensiuni, in regim
industrial continuu. Dintre toate aceste procese, su-
darea (cu preponderenta sudarea MAG 135/136 si
sudarea sub strat de flux 121) reprezinta una dintre
activitatile cu cea mai mare incarcaturd energetica,
emisiva si generatoare de deseuri. In acest context,
necesitatea tranzitiei catre o fabricatie ecologica nu
mai este doar o optiune tehnica sau de imagine, ci o
conditie fundamentala pentru:
e respectarea cerintelor legislative europene
(Green Deal, Fit for 55, Directiva privind rapor-
tarea sustenabilitatii);

tinuous improvement, and accurate reporting within
environmental policies and corporate governance.

2.7 The role of infrastructure and operational logistics
The basis of any sustainable welding system is a
well-organized infrastructure, capable of support-
ing manufacturing-specific activities without waste.
The essential elements of such an infrastructure,
prepared to efficiently support manufacturing, are
expert systems that populate the manufacturing sys-
tem at its various more or less critical points in terms
of environmental impact:

e optimized distribution systems for technical gas-
es;

e stations for the recovery and recycling of metallic
and non-metallic waste coming from the manu-
facturing system, as well as for the recovery and
recycling of packaging that accompanied the var-
ious consumables purchased;

* equipment supplies routes without pressure or
energy losses;

e ventilated storage areas, which prevent safety
risks and material losses;

e software platforms for digital management of
stocks, consumption and traceability.

Sustainable logistics thus supports both operational
performance and environmental compliance.

3. Analysis of the ecological sustain-
ability of a shipyard — directions and
measures for transition to ecological
manufacturing

The shipbuilding industry, by its nature, is one of the
most complex and resource-intensive branches of
the welded structures manufacturing sector. In a me-
dium or large shipyard, the activities involve cutting,
joining, deforming/straightening, finishing, cleaning
and protecting processes of large-sized metal struc-
tures, in a continuous industrial regime. Of all these
processes, welding (mainly MAG 135/136 welding
and submerged arc welding 121) represents one of
the activities with the highest energy, emission and
waste generation load.
In this context, the need to transition to ecological
manufacturing is no longer just a technical or image
option, but a fundamental condition for:
e compliance with European legislative require-
ments (Green Deal, Fit for 55, Sustainability Re-
porting Directive);
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e reducerea amprentei de carbon si a costurilor
operationale;

e atragerea de parteneri si finantari bazate pe cri-
terii ESG;

e cresterea durabilitatii si rezilientei productiei in
fata presiunilor externe (preturi energie, lipsa
materii prime, reglementari stricte).

3.1 Evaluarea sustenabilitdtii ecologice — aspecte
critice identificate

Pentru a intelege impactul activitatilor unui santier
naval, este necesara o radiografie a principalelor
caracteristici tehnice si de operare, radiografie care
sa ajute la construirea a ceea ce s-ar putea numi
,profilul ecologic actual” al santierului naval analizat:
1. Tehnologii de sudare utilizate: MAG 135 / MAG
136, SF 121, SE 111

a) sudarea in mediu de gaz protector cu electrod
fuzibil MAG 135 si 136 (volum de aplicare de aproxi-
mativ 70%).

Aceste procedee genereaza cantitati ridicate de fu-
muri metalice si emisii de particule.

Utilizarea CO, ca gaz de protectie are un impact ridi-
cat de incalzire globald (GWP = 1) si implica emisii
indirecte substantiale.

Sarma tubulara (136), desi mai eficientd in anumite
aplicatii, poate produce mai mult fum (si implicit
cerinte suplimentare de ventilare), dar si mai multe
reziduuri, prin zgura formata.

b) Sudarea sub strat de flux SF 121 (volum de apli-
care de aproximativ 25%)

Acest procedeu este, in mod inerent, mai protejat
din punct de vedere al emisiilor directe de fumuri.
Totusi, el implicd consumuri mari de fluxuri de
protectie si manipularea acestora in conditii indus-
triale si generare de zgura care necesita separare,
colectare, reciclare [4-5].

c) Sudarea manuala cu electrozi inveliti (aproximativ
4%)

Desi proportia e mica, este cel mai poluant procedeu
per unitate sudatd. Produce cantitati mari de zgura si
fum, iar daca nu sunt folositi electrozi speciali, se pot
regasi in atmosfera compusi periculosi (Pb, Cd, Cr®*).
d) Alte procedee (1%)

Desi neesentiale cantitativ, daca includ taiere termica
sau reparatii prin incdlzire cu flacdra, pot genera
emisii necontrolate.

2. Gaze de protectie — cele mai des utilizate fiind:
Ar+C02, 100%CO,

Alegerea CO, pur este justificatd economic, dar
CO, pur este mai putin eficient in protectia arcului
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e reducing carbon footprint and operational costs;

e attracting partners and financing based on ESG
criteria;

e increasing the sustainability and resilience of
production in the face of external pressures (en-
ergy prices, lack of raw materials, strict regula-
tions).

3.1 Assessment of ecological sustainability — criti-
cal issues identified

To understand the impact of a shipyard's activities,
a radiography of the main technical and operating
characteristics is necessary, a radiography that helps
to build what could be called the "current ecological
profile" of the shipyard under analysis:

1. Welding technologies used: MAG 135 / MAG 136,
SF121, SE 111

a) welding in a protective gas environment with a
MAG 135 and 136 fusible electrode (application vol-
ume of approximately 70%).

These processes generate high amounts of metal
fumes and particulate emissions.

The use of CO, as a shielding gas has a high global
warming impact (GWP = 1) and involves substantial
indirect emissions.

Flux cored wire (136), although more efficient in
certain applications, can produce more smoke (and
thus additional ventilation requirements), but also
more residue, through the slag formed.

b) Submerged arc welding SF 121 (application vol-
ume approximately 25%)

This process is inherently more protected in terms
of direct fume emissions. However, it involves high
consumption of protective fluxes and their handling
under industrial conditions and the generation of
slag that requires separation, collection, and recy-
cling [4-5].

c) Manual welding with coated electrodes (approxi-
mately 4%)

Although the proportion is small, it is the most pol-
luting process per unit welded. It produces large
amounts of slag and smoke, and if special electrodes
are not used, hazardous compounds (Pb, Cd, Cr®*)
can be found in the atmosphere.

d) Other procedures (1%)

Although quantitatively insignificant, if they include
thermal cutting or flame heating repairs, they can
generate uncontrolled emissions.

2. Shielding gases — the most commonly used are:
Ar+C02, 100%CO,

The choice of pure CO, is economically justified, but
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si a bdii de metal topit, marind totodata si riscul de
producere a stropirilor. Mai mult, CO, pur implica
un consum energetic mai mare pentru o Imbinare
echivalenta si produce cantitati mai mari de parti-
cule solide in fumul de sudare. Amestecurile de
Ar+CO, sau Ar+0, reduc semnificativ aceste efecte
negative, dar implica un cost imediat usor mai mare.
3. Volum mare de materiale de adaos
Un santier naval european de dimensiune medie
consuma peste 500 tone/an de sdarma, electrozi,
fluxuri sau alte tipuri de consumabile. La final, aceste
consumabile Tnseamna ambalaje (plastic, celuloza),
resturi metalice nefolosite, stropi pierduti in proces,
zgura (de obicei necolectata).
Mai mult, trasabilitatea acestor materiale este ade-
sea de micd precizie, ceea ce face imposibila calcu-
larea corectd a amprentei ecologice pe produs final.
4. Personal numeros implicat direct in operatiile de
sudare
Un numar de aproximativ 200-300 de sudori
inseamna consumuri ridicate de echipamente de
protectie, emisii locale concentrate de fum, ex-
punere semnificativd la riscuri de inhalare, zgura
fierbinte, arsuri. Asadar, ventilarea activa, echipa-
mentele de protectie moderne si formarea continug,
elemente esentiale pentru siguranta sudorilor, sunt
surse de carbon indirecte ale santierului naval.
5. Tratamente termice cu flacdrd
Utilizate pentru indreptare si detensionare, aceste
operatii implica arderea gazelor (de obicei acetilena
sau propan in combinatie cu oxigen), sunt neau-
tomatizate si rareori monitorizate, putand genera
poluare locald semnificativa daca nu sunt controlate
riguros.
6. Flux mixt si complex de deseuri rezultate:
e deseuri metalice: resturi de tabla, sarma, zgura.
e deseuri plastice: ambalaje, protectii, folii.
e deseuri celulozice: lavete, pungi,
documentatii contaminate.
e uleiuri industriale, emulsii, lubrifianti, ca rezultat
al activitatilor conexe (prelucrare, intretinere).
e deseuri periculoase: filtre uzate, masti, substante
chimice.
Fard o gestionare structuratd, acest mix poate de-
veni o sursd de poluare continua si o vulnerabilitate
in fata reglementarilor de mediu.

diverse

3.2 Masuri necesare pentru sustenabilizarea
ecologica a santierului naval

Transformarea unui astfel de santier presupune
actiuni distribuite pe toate nivelurile functionale si

pure CO; is less effective in protecting the arc and
the molten metal pool, while also increasing the risk
of spatter. Furthermore, pure CO, involves higher
energy consumption for an equivalent joint and pro-
duces higher amounts of solid particles in the weld-
ing fumes.
Mixtures of Ar+CO, or Ar+0O, significantly reduce
these negative effects, but involve a slightly higher
immediate cost.
3. Large volume of filler materials
A medium-sized European shipyard consumes over
500 tons/year of wire, electrodes, fluxes or other
types of consumables. Ultimately, these consuma-
bles mean packaging (plastic, cellulose), unused
metal scrap, spatter lost in the process, slag (usually
uncollected).
Furthermore, the traceability of these materials is of-
ten imprecise, making it impossible to correctly calcu-
late the ecological footprint of the final product.
4. Numerous personnel directly involved in welding
processes
A number of approximately 200-300 welders mean
high consumption of protective equipment, concen-
trated local smoke emissions, significant exposure
to inhalation risks, hot slag, burns. Therefore, ac-
tive ventilation, modern protective equipment and
continuous training, essential elements for welder
safety, are indirect carbon sources of the shipyard.
5. Flame heat treatments
Used for straightening and stress relief, these op-
erations involve the combustion of gases (usually
acetylene or propane in combination with oxygen),
are non-automated and rarely monitored, and can
generate significant local pollution if not rigorously
controlled.
6. Mixed and complex waste stream resulting from:

e metal waste: scrap sheet metal, wire, slag.

¢ plastic waste: packaging, protections, foils.

¢ Cellulosic waste: cloths, bags, various contami-

nated documentation.
¢ industrial oils, emulsions, lubricants, as a result
of related activities (processing, maintenance).

¢ hazardous waste: used filters, masks, chemicals.
Without structured management, this mix can be-
come a source of ongoing pollution and a vulnerabil-
ity to environmental regulations.

3.2 Measures necessary for the ecological sustain-
ability of the shipyard

The transformation of such a construction site in-
volves actions distributed across all functional and
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tehnologice, pe modelul piramidei sudarii sustena-
bile. Masurile recomandat a fi luate in acest sens,
in ordine logica si strategica, ar fi cele prezentate in
continuare [4-6].

technological levels, based on the sustainable weld-
ing pyramid model. The recommended measures to
be taken in this regard, in logical and strategic order,
would be those presented below [4-6].

Implementare
a unui sistem
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monitorizare
Implementatio
nofa
verification
and
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Figura 1. Masuri pentru sustenabilizarea sistemului de sudare al unui santier naval
Figure 1. Measures to improve the sustainability of a shipyards’ welding system

A. Infrastructura si logistica operationala
1. Reorganizarea distributiei gazelor
¢ inlocuirea distributiei necontrolate de CO; cu sis-
teme de amestecuri Ar-CO,, cu reglaj centralizat
si debitmetre inteligente.
e introducerea de supape de blocare automata si
debitmetre digitale pe fiecare linie.
2. Amenajarea de zone ecologice integrate
e zone de pre-reciclare pentru toate resturile
metalice, plastice, celulozice;
statii de colectare a ambalajelor provenind de la
consumabile;
spatii organizate si dedicate temporar in cadrul
fluxului de productie, unde se colecteazd si
stocheaza componente metalice, piese, sub-
ansambluri sau accesorii care au suferit defecte
minore (ex: fisuri, deformari, uzura localizatd), dar
care pot fi reparate prin sudura, redresare sau alte
interventii tehnice, in loc sa fie aruncate direct.
3. Ecologizarea managementului logistic, aceasta
presupundnd:
e optimizarea rutelor de transport intern (ex. intre
atelierul de debitare si zona de sudare);
e digitalizarea comenzilor interne pentru piese si
consumabile;
e introducerea vehiculelor electrice sau hibride
pentru transport intern de materiale.

B. Implementarea unui sistem de verificare si mon-
itorizare
1. Digitalizarea energetica (SCADA industrial)
e instalarea de contoare de energie pe fiecare post
de sudare;
e citirea automata a consumurilor si alertarea in
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A. Infrastructure and operational logistics
1. Reorganization of gas distribution

e replacing uncontrolled CO, distribution with Ar-
CO, mixing systems, with centralized control and
smart flow meters.

e introduction of automatic shut-off valves and
digital flow meters on each line.

2. Development of integrated ecological areas

e pre-recycling areas for all metal, plastic, cellulose
scrap;
packaging collection stations from consumables;
temporarily organized and dedicated spaces
within the production flow, where metal com-
ponents, parts, subassemblies or accessories
that have suffered minor defects (e.g. cracks,
deformations, localized wear) are collected and
stored, but which can be repaired by welding,
straightening or other technical interventions,
instead of being discarded directly.
3. Greening logistics management, this implies:

e optimization of internal transport routes (e.g.
between the cutting workshop and the welding
area);

¢ digitalization of internal orders for parts and con-
sumables;

e introduction of electric or hybrid vehicles for in-
ternal transport of materials.

B. Implementation of a verification and monitor-
ing system
1. Energy digitalization (industrial SCADA)
e installation of energy meters on each welding
station;
e automatic reading of consumption and alerting
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cazul unui consum excesiv;

e integrarea in tabloul de bord al unor indicatori
cheie (KPI) de sustenabilitate: consum specific,
consum gaz, ore active vs. ore standby.

2. Monitorizarea particulelor si fumului emise

e implementarea de puncte de masurare a
concentratiei de PM2.5 si PM10 in hale;

e dotarea zonelor de sudare cu sisteme LEV (Local
Extraction Ventilation) si filtre HEPA,

e masuratori lunare ale riscurilor pentru sudori si
actualizarea registrelor de risc.

C. Educatie, formare si cultura organizationala
sustenabila

Fard schimbare de mentalitate si comporta-
ment, noul sistem de sudare sustenabil raméane o
constructie inutild. Este esential ca toti actorii, de la
operatori si sudori, pana la ingineri, coordonatorii
sudarii si conducere, sa fie formati si implicati n
cultura sustenabilitatii.

a) Formare continud, constand in cursuri semestriale
obligatorii pentru personalul de executie, tehnic si
coordonare, simulari de bune practici pentru mini-
mizarea consumului de gaz si sarma si evaluari prac-
tice continue.

b) Implicarea in procesul decizional;, raportarea
performantei de mediu sd se faca in mod transpa-
rent, astfel incat toti angajatii sa stie ce impact are
activitatea lor si mai mult decat atat, sa poata veni
cu sugestii de Tmbunatatire.

c) Comunicare internd cu afisaje digitale specifice
ale diversilor indicatori (consumul de energie pe
saptamana, cantitatea de materiale economisite,
topul sectiilor cu cele mai bune practici) si chiar si
campanii tematice de promovare a sustenabilitatii.

D. Consumabile si echipamente
1. Selectarea materialelor de adaos
* interzicerea electrozilor cu continut de Pb, Cd, Cr®*;
¢ selectarea de sarme cu emisii reduse de fum si
stropi;
e introducerea in procedura de achizitie a unui cri-
teriu de selectie ecologica.
2. Gaze de protectie cu impact redus
e inlocuirea treptatd a CO, pur cu amestecuri
Ar+C0O,+0,, cu emisii si spatter reduse;
e calcularea GWP si analizarea periodicd a con-
sumului total de gaze.
3. Optimizarea echipamentelor
e utilizarea doar a surselor de sudare de tip inver-
tor cu randament >85%;

in case of excessive consumption;

* integration of key sustainability indicators (KPls)
into the dashboard: specific consumption, gas
consumption, active hours vs. standby hours.

2. Monitoring of emitted particles and smoke

e implementation of PM2.5 and PM10 concentra-
tion measurement points in halls;

e equipping welding areas with LEV (Local Extrac-
tion Ventilation) systems and HEPA filters;

e monthly risk measurements for welders and up-
dating risk registers.

C. Education, training and sustainable organiza-
tional culture

Without a change in mindset and behaviour, the
new sustainable welding system remains a useless
construct. It is essential that all actors, from opera-
tors and welders, to engineers, welding coordinators
and management, are trained and involved in the
culture of sustainability.

a) Continuous training, consisting of mandatory
semi-annual courses for execution, technical and co-
ordination personnel, simulations of best practices
for minimizing gas and wire consumption and con-
tinuous practical assessments.

b) Involvement in the decision-making process; re-
porting on environmental performance should be
done transparently, so that all employees know
what impact their activity has and, more than that,
can come up with suggestions for improvement.

c) Internal communication with specific digital dis-
plays of various indicators (weekly energy consump-
tion, amount of materials saved, top of departments
with best practices) and even thematic campaigns to
promote sustainability.

D. Consumables and equipment
1. Selection of filler materials
* banning electrodes containing Pb, Cd, Cr®*;
¢ selection of wires with low smoke and spatter
emissions;
e introducing an ecological selection criterion into
the procurement procedure.
2. Low-impact shielding gases
e gradual replacement of pure CO, with Ar+C0O,+0,
mixtures, with reduced emissions and spatter;
e GWP calculation and periodic analysis of total
gas consumption.
3. Equipment optimization
e using only inverter welding sources with efficien-
cy >85%;
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e migrarea controlata catre surse pulsate sau siner-
gice acolo unde este posibil

e introducerea de comutatoare automate pentru
modul standby;

e implementarea de programe de mentenanta
predictiva.

E. Tehnologii de sudare

1. Optimizarea parametrilor tehnologici si reglarea
curentului, tensiunii si vitezei de avans pentru redu-
cerea stropirilor si a consumului energetic;

2. Automatizarea partiald prin integrarea de sisteme
semi-automate in sudarea repetitiva; limitarea ero-
rilor de executie si cresterea stabilitatii procesului.

F. Proceduri de lucru si coordonare

1. Actualizarea procedurilor WPS/WPQR prin intro-
ducerea criteriilor de eficienta energetica si emisii
reduse specifice noilor tehnologi;

2. Coordonare tehnica activa prin desemnarea unui
responsabil de sustenabilitate in cadrul departa-
mentului tehnic, prin revizuiri trimestriale ale indi-
catorilor de performanta ecologica si prin raportari
integrate in bilantul ESG al companiei.

G. Gestiunea deseurilor

1. Colectare separatd inteligenta pe 5 fractii: zgura,
metal, plastic, celuloza, deseuri periculoase. Se vor
folosi identificatori colorati pentru deseuri si contai-
nere specializate urmarite digital.

2. Pre-reciclare si reparatie- programe pentru recu-
perarea componentelor defecte prin reparatie si un
triaj activ inainte de eliminare.

3. Audit anual- calculul masei totale de deseuri gene-
rate per tip si un obiectiv de reducere anuala cu 10%
si monitorizare publica.

H. Indicatori de performanta si raportare ESG
Pentru ca progresul sa fie masurat, trebuie stabiliti
indicatori de performanta (KPI) ecologici, alaturi de
un sistem de raportare integrata ESG (Environmen-
tal, Social, Governance).
a) dintre indicatorii KPI recomandati se amintesc:
e consumul de energie electrica (kWh) / metru de
sudura;
e consumul de gaz tehnic / kg de material addugat;
e deseuri totale / tona structurd realizat3;
e ore cu expunere ridicata la fum / sudor;
e numar de piese reutilizate / luna;
* % suduri refacute (corelat cu eficienta procesu-
[ui).
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e controlled migration to pulsed or synergistic
sources where possible

e introduction of automatic switches for standby
mode;

e implementing predictive maintenance pro-
grams.

E. Welding technologies

1. Optimization of technological parameters and
regulation of current, voltage and feed speed to re-
duce spatter and energy consumption;

2. Partial automation by integrating semi-automatic
systems in repetitive welding; limiting execution er-
rors and increasing process stability.

F. Working procedures and coordination

1. Updating the WPS/WPQR procedures by introduc-
ing energy efficiency and reduced emissions criteria
specific to new technologies;

2. Active technical coordination through the desig-
nation of a sustainability officer within the technical
department, through quarterly reviews of environ-
mental performance indicators and through report-
ing integrated into the company's ESG balance sheet.

G. Waste management

1. Smart separate collection into 5 fractions: slag,
metal, plastic, cellulose, hazardous waste. Coloured
identifiers for waste and digitally tracked specialized
containers will be used.

2. Pre-recycling and repair- programs for the recov-
ery of defective components through repair and ac-
tive triage before disposal.

3. Annual audit - calculation of the total mass of
waste generated per type and a 10% annual reduc-
tion target and public monitoring.

H. ESG performance indicators and reporting
In order for progress to be measured, environmental
performance indicators (KPIs) must be established,
along with an integrated ESG (Environmental, Social,
Governance) reporting system.
a) among the recommended KPI indicators are:
e electricity consumption (kwWh) / welding meter;
e technical gas consumption / kg of added mate-
rial;
e total waste / ton of structure made;
¢ hours with high smoke exposure / welder;
e number of reused parts / month;
* % of welds remade (correlated with process ef-
ficiency).
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E — Environmental (Mediu)

¢ Ce impact are organizatia asupra
planetei?

¢ Emisii de gaze cu efect de sera (CO,,
CH4, GWP etc.)

* Consum de energie, surse regenerabile

* Gestionarea apei, deseurilor,
substantelor chimice

* Eficienta energetica, decarbonizare,
circularitate

* Politici de mediu, conformare cu ISO
14001 sau alte standarde

* What impact does the organization
have on the planet?

* Greenhouse gas emissions (CO,, CHa,
GWP etc.)

* Energy consumption, renewable
sources

* Water, waste, chemical management

* Energy efficiency, decarbonization,
circularity

_—

¢ Ce relatie are organizatia cu
oamenii?

* Sdndtate si securitate in munca
(SSM —1S0 45001)

* Drepturile omului si ale
lucratorilor

* Diversitate, echitate, incluziune
(DEI)

* Instruirea si dezvoltarea
personalului

* Impactul social asupra
comunitatilor locale

* What is the organization’s
relationship with people?

* Occupational Health and Safety
(OSH —1S0 45001)

* Human and Workers’ Rights
Diversity, Equity, Inclusion (DEI)

« Staff Training and Development

* Social Impact on Local

G - Governance (Guvernantad)

o Cum este condusa si gestionata
organizatia?

* Etica in afaceri si combaterea
coruptiei

* Transparenta decizionala si
implicarea partilor interesate

* Structura de conducere si
separarea atributiilor

* Politici de remunerare
responsabild

* Controlul intern si auditul
riscurilor ESG

* How is the Organization Led and
Managed?

* Business Ethics and Anti-
Corruption

* Decision-Making Transparency
and Stakeholder Engagement

* Management Structure and
Segregation of Duties

* Environmental policies, compliance Communities

with 1SO 14001 or other standards

- J

* Responsible Remuneration
Policies

* Internal Control and ESG Risk
Audit

. J

Figura 2. Raportul ESG
Figure 2. ESG reporting

b) Raport ESG

Raportul ESG, ca parte a documentatiei oficiale de
audit ISO si aliniere cu cerintele europene de rapor-
tare sustenabila (CSRD — Corporate Sustainability
Reporting Directive), ar trebui transmis trimestrial
catre conducere si apoi, in forma sumarizata, dis-
tribuit intern tuturor sectiilor.

I. Certificare si planificare
Standardele de referinta pentru implementarea
masurilor legate de sustenabilizare sunt:

e |SO 14001 — sistem de management de mediu
integrat n toate procesele (sudurd, sablare, vop-
sire);

e |SO 45001 — protectia muncitorilor, in special
pentru riscuri respiratorii si termice;

e |SO 50001 — optimizarea energeticd pentru surse
de sudare, macarale, compresoare;

¢ |SO 3834 — controlul proceselor speciale de su-
dare in corelatie cu cerintele de calitate si sus-
tenabilitate.

Asadar, tranzitia sistemului de sudare al unui santier
naval catre fabricatie ecologica nu este o simpla
adaptare la cerinte legislative. Este o transformare
strategicd ce combina eficienta operationala cu res-
ponsabilitatea fatd de mediu, sanatatea lucratorilor
si viitorul economic al organizatiei. Cu o abordare

b) ESG report

The ESG report, as part of the official ISO audit
documentation and alignment with the European
Corporate Sustainability Reporting Directive (CSRD)
requirements, should be submitted quarterly to
management and then, in summarized form, distrib-
uted internally to all departments.

I. Certification and planning
The reference standards for implementing sustaina-
bility-related measures are:
¢ |SO 14001 — environmental management system
integrated into all processes (welding, sandblast-
ing, painting);
e |SO 45001 — worker protection, especially for
respiratory and thermal risks;
¢ |SO 50001 — energy optimization for welding
sources, cranes, COmpressors;
e |SO 3834 — control of special welding processes
in correlation with quality and sustainability re-
guirements.

Therefore, the transition of a shipyard's welding sys-
tem to green manufacturing is not a simple adapta-
tion to legislative requirements. It is a strategic trans-
formation that combines operational efficiency with
responsibility for the environment, worker health
and the economic future of the organization. With a
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structuratd, implementarea acestor masuri nu doar
ca reduce impactul asupra mediului, dar aduce si
beneficii directe:

e Scaderea costurilor de energie si materiale;

e Cresterea duratei de viatd a echipamentelor;

e Atragerea de finantari si  parteneriate

internationale;

Reducerea riscurilor i
organizatiei.

cresterea  reputatiei

4. Concluzii

Sudarea este un factor esential al impactului eco-
logic industrial, iar tranzitia catre practici sustenabile
este 0 necesitate impusa de legislatia europeana si
de presiunile pietei.

Santierele navale consuma masiv resurse — atat ma-
teriale (sarma, gaze, electrozi), cat si energetice,
generand un volum ridicat de emisii si deseuri care
trebuie monitorizate si reduse sistemic.

Sudarea MAG cu CO, are un impact de mediu sem-
nificativ, iar inlocuirea partiala cu amestecuri Ar+CO,
sau optimizarea parametrilor poate reduce amprenta
de carbon.

Tehnologiile moderne (laser, frecare, lipire structurald)
aduc beneficii ecologice si economice, reducand fu-
murile, stropii, deseurile si consumul de materiale.
Infrastructura si logistica ecologizata (reciclare, recu-
perare, digitalizare) constituie o baza fundamentala
pentru fabricatia verde intr-un santier naval.
Echipamentele si consumabilele trebuie alese in
functie de performanta si amprenta ecologica, nu
doar pe criterii de pret sau traditie industriala.
Formarea continua a sudorilor si implicarea perso-
nalului in cultura sustenabilitatii sunt decisive pen-
tru succesul tranzitiei ecologice.

Monitorizarea digitald a consumurilor si a emi-
siilor (prin SCADA, contoare inteligente, sisteme
LEV, KPI ecologici) este esentiala pentru controlul si
Tmbundtdtirea continud.

Certificarea ESG si alinierea la standardele
internationale (ISO 14001, 50001, 3834) sunt
pasi strategici care cresc reputatia organizatiei si
faciliteaza accesul la finantari sustenabile.

Confirmare

Prezenta lucrare contine rezultate obtinute in
cadrul proiectului cu titlul ,,Academic Network for a
Green and Innovative Europe”, acronim ANGIE, nr.
2023-1-RO01-KA220-HED-000158031,  cofinantat
prin Programul ERASMUS+, KA220-HED - Coopera-
tion partnerships in higher education.
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structured approach, implementing these measures
not only reduces the environmental impact, but also
brings direct benefits:

e Decrease in energy and material costs;

¢ Increasing the lifespan of equipment;

e Attracting international funding and partner-

ships;

Reducing risks and increasing the organization's rep-
utation.

4. Conclusions

Welding is a key driver of industrial environmental
impact, and the transition to sustainable practices
is a necessity imposed by European legislation and
market pressures.

Shipyards consume massive resources- both materi-
als (wire, gases, electrodes) and energy, generating
a high volume of emissions and waste that must be
monitored and reduced systemically.

CO, MAG welding has a significant environmental
impact, and partial replacement with Ar+CO, mix-
tures or optimization of parameters can reduce the
carbon footprint.

Modern technologies (laser, friction, structural bond-
ing) bring ecological and economic benefits, reducing
fumes, splashes, waste and material consumption.
Green infrastructure and logistics (recycling, recov-
ery, digitalization) constitute a strong basis for green
manufacturing in a shipyard.

Equipment and consumables must be chosen based
on performance and ecological footprint, not just on
price or industrial tradition.

Continuous training of welders and staff involve-
ment in the culture of sustainability are decisive for
the success of the green transition.

Digital monitoring of consumption and emissions
(through SCADA, smart meters, LEV systems, eco-
logical KPIs) is essential for continuous control and
improvement.

ESG certification and alignment with international
standards (ISO 14001, 50001, 3834) are strategic
steps that increase the organization's reputation and
facilitate access to sustainable financing.
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