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Abstract: The purpose of this paper was to emphasize thertiaapce of data accuracy within internal logissgstems
and their extended influence on supply chains toraotive industry through 6-month multiple casedsts conducted
on 3 first tier original equipment manufacturersE{(@) based in Western Romania. The study investigdte most
common causes of data inaccuracies among autonmtpmiers and their approaches to reduce consggusupply
chain issues and be more agile. Data collectionaaatlysis revealed that main issues arise duederiog quantities
mismatching actual customer demand, a wide rangedef lot sizes, lead times and delivery religpitioncerns and the
reluctance to shift away from mainstream cost-¢iffeaess and towards strategic added value thinkihgse issues
sourced significant other related operational emales such as excessive inventory, short-termat¢eland subsequent
express shipping services or product-related inepiances (quality and capacity levels, contractelirmes and
dedicated lines). The paper sources different iogisnd supply chain strategies used by the 3 QEMg features and
operational performance, as well as their overfiiciiveness, which can be applied by other autoradindustry
suppliers to improve own results. Introducing makable real-time data collection tools and perfance metrics has
started hauling more focus towards solving thesgalent issues with some ongoing improvement pr®jgltowing up
to 25% better results. For one of the 3 OEMs intoiinly a new warehouse management system has akearhed an
overall quality increase (5 percentage points)tdue60% higher utilization of its production ecuignt.

1 Introduction the DN65 single carriageway) between Craiova ates®i

The automotive industry is one of the most impartaricalled “the Ford highway”). Dacia is market leader
industries worldwide, driving investments, employme Romania (33% share with 46,124 units sold in 2086},
and innovations throughout its highly competitivggly ~Poth carmakers sell less than_lO% of th.elr v_olum_ethe
chains, both vertically and horizontally. Battetgatric ocal market as most of their production is shipped
vehicles (BEV) are the new trend (14.6% marketeshad ~€xport destinations in the EU. Dacia ships mora 81200
an impressive 37% increase in sales, 2023) asates n  assembled cars (by truck and/or train) every weekst
the EU reached 10.5 million units (13.9% year-oarye distribution centre (DC) in Valenton (France) by, rthe
increase) based on The European Automobifort of Constanta (for transit towards non-EU destons
Manufacturers  Association (ACEA) 2023 reportby sea) or Germany (delivery lead-time is 2-4 dhys
According to ACEA at EU level only the automotiveroad). A further 600 trucks leave the Internatidnagistic
industry sources, directly and indirectly, 13.8limil jobs Network (ILN) from Mioveni with containers of CKDndl
(11.5% of EU manufacturing jobs and 6.1% of ovegall  SKD kits (repr_esenting two-thirds of the Automotﬁ]aqia
employment) in its 322-vehicle assembly, engine arilant production output) to be assembled elsewiere
battery production plants and is the leading inmest Renault Group plants (Africa, South America or Asia
R&D with almost 60 billion euros (31% of total sptimg, ~ Ford also ships 90% of its production abroad, robgtby
2022). Dacia and Ford are the pillars in Romang(bf train (70%) to Neuss, Germany and the rest via (88%)
GDP, 20% of the manufacturing industry and 30% cind sea (only 5% is shipped through the port ofsGonta).
exports, 2023), enabling around 230,000 specialigesl Up to 600 cars (by rail) leave from Craiova evenyd
within more than 500 suppliers across the countast towards Ford dealerships throughout Western Euvigpe
year Automobile Dacia produced 322,086 units (2.3%1€ Railport Arad intermodal terminal in CurticigfRania-
year-on-year increase) in Mioveni, while Ford Otosa Hungary border).

Craiova plant made 190,964 units (2.2% year-on-year A major share of the automotive supplier network is
decrease). Nevertheless, their combined outputeelece concentrated in Western Romania, where important
half a million units (513,050 cars made in Romafsayhe Multinational brands have set up and extended dgpac
second year in a row (0.7% year-on-year increafie. recent years and experience business growth [Huédel
longest highway in Romania (A1) lacks a 140 knProduct life cycles, engine downsizing, increasing
connection between Pitesti and Sibiu (called “theci Prevalence of head-up displays (HUD) and the shift
highway”) along the Olt Valley single carriagewdyN7) towards electric veh_|cles (E-VS). all mean that paqmna
and there is currently no highway connection (120dn have to balance out integrating innovative techgiel® [2]
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fast whilst also being able to plan out an operatiand
competitive business unit [3,4]. A reliable and poning
supplier network is vital in such a challengingiset and
its appropriate design (location, alternates arefepred
selection) will determine the extent of a depenelabid

integrating new projects) is often daunting, esgcin

the short and medium term [20]. This is especially
challenging since an EV’'s product life cycle (batte
technology, charging infrastructure,  government
incentives) is still rather new in the automotiveustry

relevant data interchange system [5-8]. Adapted amsétting. In addition many OEMSs still struggle widata

appropriate logistic choices
warehouses, in-house
logistics (3PL) externalizing and distribution aent
(DC)/logistics service providers (LSP), etc.) wihve a
major effect on cost structures, delivery times gudlity
of data [9-13]. The overall performance of the camys

internal organization, logistics (inbound, prodaati

system

scheduling, outbound) and supply chain managernamt ¢

be measured against its level of inventory [14,T8]s is
because an actual JIT production strategy with gntgp
balanced flows will not face inventory fluctuatiottsat

(own/externalilos (departments), outdated or rigid ERP systantsa
logistics department/thirtyparlack of aggregate data integration on supply clemel

hindering their ability to make inspired qualitytalariven
decisions. Employee induction, training and incexgtiare
thus essential to promote responsible data handling
practices and achieve higher data accuracy thrgtegtual
improvements based on experience.

Accuracy of data (relevant, real-time, synchroneed
integrated) throughout internal logistics processes
critical for an effective operational performance the
long-term. The main contributing factors leadiogdata

may cause excess amounts or, worse, stockoutshard tinaccuracies are the lack of standardization, hueteors

show the degree of its leanness [16,17].

and scarce integration within the automotive supgplgin

The current study addresses the following resear¢hl]. On an individual level (automotive manufaetuor

questions (RQ): what is the proper balance betwesnpplier), the most common sources of data disoEes
process standardization and operational flexibility are manual entry errors, software inconsistenciekoa
achieve a competitive edge? (RQ1); what are then maiepartmental silos which impact several internaisien-

contributing factors leading to data inaccuraciéhiw a
company’s logistics department and its associateplg
chain? (RQ2); what is the most efficient internedtem for
measuring and tracking real-time data and alloviandast
correction of errors within the production and kiigis
flows? (RQ3). This paper is the result of an ambsi
research project carried out within the
departments of 3 multinational first-tier origireuipment

making processes (production planning, inventovgle
resource allocation). Focusing on relevant data,
simplifying processes, understanding and explairtrey
role of data accuracy across departments will imgfmoth
production and logistics flows and improve invegtor
levels, resource allocation and operational peréorce

logistic$22].

Optimization is omnipresent in improvement projects

manufacturers (OEM) during a semester (total of 26oncerning production and warehouse layout, lagisti

weeks) to assess the accuracy of specific dater{tovy,
forecasting and production) and quantify its infloe on

flows (inbound and outbound), inventory managena@nit
industry 4.0-specific tools implemented on the sHopr

internal logistics KPIs and short loop supply chaif23]. Well-designed intralogistics is not enoughnvewer.

(supplier-manufacturer-customer) performance.

Automotive manufacturers also need a clear andhieli

system for tracking data, allowing for the idemttfion and
2 Literature review correction of errors at their source (root caudedta

Data accuracy acts as a critical factor for sigaiftly ~management structures, real-time relevant datanghand
enhancing internal logistics performance and flownership across departments can help improve data
efficiency from inbound to outbound and within itsaccuracy significantly. High-quality data is cruciar
corresponding supply chain. The dynamic of thé&ffective decision-making, allowing for a more tstey
automotive industry challenges OEMs and their suppRnalysis and enables more relevant impact on dveral
chains to adapt and reconfigure processes to haeging Productivity and operational performance [24].
customer demands (downsizing, shift towards EVs,
environmental policies) while in the meatime taogli 3 Methodology
supply chain disruptions, workforce shortages and The methodology of the paper is based on a multiple
integrated data management issues [18]. case study conducted through 6-month researchamsitr

Agility is invaluable to maintain a competitive edip  (one was extended to a total duration of 11 montlitsin
a highly cost-effective oriented industry, espédgialnce 3 first tier original equipment manufacturers (OENm
EVs have gained more and more market share on\l leWestern Romania. Forecasting, planning & schedualimd
in recent years [19]. Most automotive industry digsp  performance management data from the last 5 yeatsS{
(OEMs, upper and lower tier suppliers) aspire toagee a 2022) was studied with relevant professionals & &
reliable and accurate production system with roam f OEM'’s logistics departments. The final reports siitad
innovation. However, finding the optimum balancaipon completion of the carried out research argestito
between process standardization (to minimize inshounon-disclosure agreements (NDA), as is most oftie
inaccuracies) and operational flexibility (to fé@ite collected within the 26 weeks of collaboration (2p2
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Each of the OEMs has consented some sets of dé toNevertheless, despite certain similarities that are
published but not to the same extent therefore smtseare characteristic to the industry (main charactersgtiche
incomplete or have been slightly modified to ensur®EMs also have some differentiating features higitéid
upholding all NDAs properly. Subsequent conclusions Table 1.

(partially) might not seem entirely relevant andtiph

limitations for each set of data are to be expected Table 1 Overview of each OEM's characteristics
Production planning is based on relevant dg feature OEM1| OEMz| OEM:
(historical, projected volumes and actual custoanders) type standar | standar | standar
in order to compile a more reliable forecast, eaicthe 3 . . | above
OEM'’s having different techniques. Projected volsraee Productior} technology | superior averag average
increasing on a year-to-year basis in all 3 cag€¢o on volume  |very higl high high
average for OEM 1, 3-8% for OEM 2 and 2-6% for OE own yes yes yes
3) thus the Holt-Winters exponential smoothing rodth| warehousé externa yes DC yes
was the most appropriate choice to process foliegasita manageme! | in-houst| in-hous: | outsource
accuracy. Holt-Winters exponential smoothing (dplér ERF new |standar | standard
exponential smoothing) uses a smoothing faatprt(end real- _ _
(B) and seasonalityy) coefficients to improve forecas| Data KPlIs time+ |'€@l-time real-time
accuracy. The multiplicative method is more sugatalr employee | mix* mix mix

the automotive industry and was thus used in coatiouis
by all 3 OEMs. This is because the automotive itrglus
exhibits seasonal patterns (new product launchaskeh
volatility, high and lower sales seasons, holidayg) non-
linear trends that are handled better by the midtfive
method since the simulations are also done foeast|1
full business year (and not short-term forecastifdfer
simulating different scenarios for the entire yaasults

The features that are compared across the OEMs are
production (type, technology, volume), warehousen(o
external, management) and data (ERP, KPI and
employees). In terms of production, all manufacture
standard products involving industry innovatiorigsed on
any car brand or model (across all major car cotgsin
h ) as outlined in Table 1. There are technology diffees,
were refined for shorter timespans as well (semest%,[h OEM 3 having rather average technology-
trimester) upon request. Forecasted levels for eathe encompassed products, while the others have above-
26 weeks were based on projected volumes and Smbo"gverage (OEM 2) and su,perior outputs (OEM 1). Vaam
exponentially with trend and seasonality=0.2-0.3; are high for 2 of the 3 OEMs, as they each supphoitant

B=Od25;9.35;| Y=O'4;_)H6) byt each thqf tfhet 3 tOE'(\j/I,S amounts for their customers, whereas OEM 1’s vokime
production plannerdhe exact smoothing factaz) tren are very high due to a larger product range (bramnd

(B) gnd seasonality) coeffici_ents used by the OEMs aremodel-specific requirements) delivered. Raw malteead
subject to the agrefed and signed NDAs. The mlxam te components, as well as finished goods, are storédth
was tasked to provide a range of applicable soiatand own and external warehouses, only OEM 2 not hasaimg
g]provement dproposalshby the end of the researﬁlnam. own external facility and using a distribution aen(DC)

ur proposed approach was to target a Smootheaga/er;, o warehouse management is done in-house (OEM
throughout a complete business cycle (52 W'.aeks)eWh'and OEM 2), except for OEM 3 who has outsources thi
also using 3-6 months shorter cycles.to dynamumj]y:st activity to a third-party logistics (3PL) serviceopider.
outputs and increase accuracy. A slight added weigh Data management is rather different, as only OEM&s
was given to more recent data, bu.t Io_nger-termdtr(ﬁm an industry standard enterprise resource planriiRPy
was pre_ferred W!th only ma_1rg|nal adjusting for seasonal software tool. OEM 3 has added significant extetdees
smoothing coefficienty) being necessary. (specific input-output reports) to enhance its @datalysis

Actual forecasting accuracy results presented mithy, existing ERP, whilst OEM 1 is currently tsiiioning
the research paper are very limited (due to hetmegis the switch to a new ERP system and thus replabmgne

_'I\_IEA tferms of th?ft.OEMS dregarlgilrlg co(?sten_ted da&;ajetit has previously been using for over a decade OEMs
erefore, quantitative and qualitative data israggted o systems that collect, show and monitor read-tilata,

and z?lveraged for a total_ Of.6.'11 months. The (loatnd only OEM 1 still having some processes where soata, d

ongoing) results of our individually submitted pospls decisions and reports have to be approved mankefitye

combine practical solutions from each OEM's logisti being subsequently computed. There is a good klahc

professionals a_nd theoretical methods from acaderr%ng and experienced employees in all 3 OEMs'h wit

literature to attain optimum outcomes. OEM 1 having more novice employees that need to be

inducted and properly trained after terminationtlogir

4 Results o internships in order to start handling some of the

All 3 multinational automotive |ndUStry OEMs arecompany’s projects_ OEM 1 has the h|ghest Vo|umew(

located in the Western region of Romania and a&e tiprojects and facility extension are currently unday) and
1 supplier for all customer brand and model ranges.
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is therefore more active in the hiring process therother
2 analysed business units, where volumes are ek s

Table 2 Overview of OEM 1's excess inventory perester

Materials | Semeste| Monthly | Excess
-~ | Excess/semstq Excess/monthly
and usage | average| quantity usage (ratio)| usage (ratio)
component| (units | (units’ | (units
Supplier : 151 25.1¢ 51¢ 3.4: 20.5¢
Supplier : 16C 26.6¢ 48( 3.0( 18.0(
Supplier . 191 31.8¢ 512 2.6¢ 16.0¢
Supplier - 68 11.3: 172 2.5z 15.17
Supplier! 15C 25.0( 30C 2.0( 12.0(
Supplier ¢ 947 157.0( 140¢ 1.4¢ 8.9/
Supplier 83( 138.3: 110¢ 1.3¢ 8.01
Supplier ¢ 532( 886.6¢ 646¢ 1.21 7.2¢
Supplier ! 64( 106.6¢ 76% 1.1¢ 7.17
Supplier 11| 219( 36E -872 -0.3¢ -2.3¢
Overall | 1265 | 293.66| 4921 2.79 16.75
average

Table 2 outlines the forecasting, ordering andagfer delays in production. These issues can be fourtdmiihe
issues of OEM 1 in regard to some of its main raatemials data shown in Table 2, as for the selection of &fenals
and needed components for the manufacturing proceasd components there is an average excess of aryent
OEM 1's suppliers are mainly from Europe (Centnadl a (2.79 semesters or 16.75 months) that would lastifoost
Eastern Europe) and Asia (East and Southeast Adig). 3 semesters (18 months). The amount of inventory fo
logistics department is based on a functional system some raw materials and components (suppliers 1-5)
where an employee fulfils a specialized role witemall  significantly exceeds monthly usage in productiv®-20
(3-5 members) or average teams (6-10 members)daskaeonths), congesting the warehouse, generating getora
with specific organizational functions. Each rofessta high risks and causing imbalances. Materials from sepdl
degree of autonomy, even interns or newly hiredave an average monthly use of 25 units with irwgnt
employees, and has at least one back up colledgoean level being at 518 units (more than 20 times tlgriired
temporarily stand in and take over correspondirglgda amount), whereas deliveries from supplier 10 are
Rising volumes (new projects, new products) inaehe backlogged: 365 units/month (on average) are needed
amount of orders each role has to process, regardféhe production with a shortage level of 872 units (2.38
number of customers, product range, models amdonths), causing further scheduling delays. Theeroth
associated specific requirements, creating an anbal suppliers (6-9) have an inventory excess correspgrtd
workload. The planning department has access to thed months, whilst other material surpluses, nowshin
company’s forecast, but each planner (3 levelsjddec the table, range from 4-6 semesters using up useace
what amount to actually order, being able to pealpn storage capacity, whilst others may be subjecutthér
adjust the quantity ordered. More experienced m@esin stockouts (e.g. supplier 10). These issues are then
will tend to add a small margin (up to 15%), wherdge transferred to the shop floor, where it is venyfidifit to
younger and less experienced ones will tend tougdtb  make up for the time lost with the reception, udiog and
50% or even double the ordered amount in viewsifigi storage procedures and urgent and quick shipmeats a
volumes, repetitive orders and long-terms contthctesometimes needed to compensate, as shown in Tafbe 3
quantities. This choice will however increase teévéry online unloading schedule was introduced in 2023afo
lead time from the supplier and also bottleneck thenproved planning of truck arrivals with dedicattahe
warehouse, both own and external, its reception amdndows for each LSP with regular deliveries (ameo
storage capacity (recurring issue). Sometimes tR® E slots for spot contractors), enabling better tragkof
system shows a shortage of materials, but the tisickincoming materials (and confirmation of their reiem)
actually at the plant waiting to be unloaded (ptg#y) and after only 3 months using the system is mangldoo
with no available storage capacity within the owrall LSPs arriving to unload at the warehouse gates.
warehouse (waiting time: 4-8 hours), causing furthe
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Table 3 Overview of express shipment deliveri€3E# 1 towards main customers per semester

L . Price . Total amount .
. Deliveries| Main e Maximum amoun Average price
Express shipmen . variation X (monetary :
(units) | reason (monetary units) o (monetary units
range (% units’

Customer 17 constar | 15-20% 23,80¢ 106,34t 6,25¢
Customer 6 sprea 10-15% 11,20( 59,72 9,95¢
Customer 14 peal 25-30% 11,20( 38,34¢ 2,73¢
Customer 6 sprea 10-15% 2,57( 12,03: 2,00¢
Customer 11 shortag | 25-40% 9,85( 31,09° 2,82i
Overall averac 10 constar | 20-30% 11,76: 49,50¢ 2,47¢

Table 3 presents express shipments to some of ORyistem) which is currently under way, it will noe b
1's customers within a semester (54 such delivengs completed until 2025, therefore production caparstgat
months). While some of the urgent shipments aedle full tilt, but also bottlenecked by unbalanced oiutlg
to external factors (peaks, shortages and unfamesdevels. Overrating storage capacity (which has $pstce
issues), most come about on a rather more regatds due due to shop floor being increased), also meanddggikg
to similar reasons (customer 2 and 4) or are evestant production and not fully using manufacturing captes
occurrences (customer 1) tying up important amoohts which in addition to the longer supplier lead tingeserate
working capital (almost 250,000 monetary units)piss unproductive waiting times (longer production legules,
deliveries for customer 4 have the lowest averagep delayed loading of orders) and the risk of notwdglhng on
(2,005 units) and lowest variation range (10-15%g time. Most customers are multinational carmakecatked
highest variation adding up to 28%. Customers 3 &ndin Central Europe and have dedicated producti@s|{just
have similar average prices (2,739 and 2,827 waitd}the in time (JIT) or just in sequence (JIS) type prdaurc
highest average price variation ranges (up to 3®)40ith  systems), whereas the rest have their products
some shipments being rated 3-4 times higher thaim thmanufactured in a flexible system (FMS), rangingnfr
average.Express deliveries to customer 2 are 4 timefsont-end to back-end processes. Regardless ofdbran
higher (9,954 units) than the overall average ®4rits) and/or model range positioning, automotive manuféay
and represent 24% of the total amount of shipment®mpanies have high downtime costs, thereforegdiin
(247,548 units). With an average price of 6,258a2.5 stopping production lines because of suppliersivdey
times higher than the overall average), the 1#%eaés to issues is not acceptable. Reliable suppliers with h
customer 1 represent almost a third (31%) of gliress service rates (orders delivered on time and in ©IF)
shipments and almost half (43%) the total amouetspn are important all across the automotive supplyrchaith
the fastest form of dispatching. special emphasis on higher tiers. OTIF puts pressarall

This frequency of these quick shipments is alsotdue tiers and sometimes on-board couriers (OBC) ard tse
a range of new projects coming in and despite &ansion hand-carry certain components and parts in ordensore
of the manufacturing plant (new production areahvéit on-time deliveries and avoid stopping a customer’s
direct connection to the automated warehouse soragroduction line.

Table 4 Overview of OEM 2's yearly production plamgfigures for a range of suppliers

Copyright © Acta Logistica, www.actalogistica.eu

Materials | Yearly | Monthly [Minimum .
o Maximum Average
and usage | average| variation variation (%) | variation (%)
component| (units’ | (units (%)
Supplier : 2,00( 166.6¢ 10 70 29.1
Supplier : 96( 80 10 10C 32.5(
Supplier . 522 43.5( 17 10C 27.5¢
Supplier - 504 42 71 10C 83.3¢
Supplier! 33€ 28 14 10C 47 .62
Supplier ¢ 91 7.5¢ 18 124 69.2:¢
Supplier 1,00( 83.3¢ 20 10C 63.3¢
Supplier ¢ 3,20( 266.6¢ 12 10C 45.8:
Supplier ! 432 36 0 15C 58.3:
Supplier 1! 324 27 33 167 61.11]
Overall | o359 | 7807 | 21 111 51.80
averag
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Table 4 highlights OEM 2’s production variation for

as a doubling of the order level throughout theryeraus

range of materials and components. Despite the @EMielding higher than average maximum variations0¢h5

high volumes, the average yearly variation wasabstve

and 167%). To accommodate rising volumes OEM 2

50% for all material and component orders passetigo decided to increase shop floor space on its prenmséead

selected suppliers. Orders to suppliers 1-3 evehdm

of contracting an external warehouse and use @tdisbn

average variation of around 30% throughout the ,yaar centre (DC) closer to its customer locations. Wit

very decent accuracy level given the recent glsbably

external warehouse to rely on in case of excegageo

chain challenges (Covid-19 pandemic, chip shortageeeds, OEM 2 relies on its forecasting and prodocti

increased costs and price volatility). With 2 exuss

planning to be accurate in order to deliver finslgpods

(suppliers 4 and 10) minimum variation is under 20%o its customers. The logistics department is @ilichto

whereas except the cases where no orders are [(l0%

teams and each team focuses on specific customdrs a

variation), maximum variations range between 60-90%roduct ranges, as their orders will be divided agno
most cases however usually average between 30-508tembers based on the characteristics and comptahtite

Two thirds of supplier orders match a batch-sizieong
pattern, therefore our aggregated variation caticula
show higher fluctuations and unpredictability than

entire process (supplier orders, production leaesi and
delivery requirements). All in all, OEM 2’s foretam) and
planning in fairly reliable (forecasting accuracyash

actually the case in practice. Supplier 3 has thst b increased by 22% on a year-to-year basis, whildymtion

forecasting, as their actual order variations ordpge

planning sourced a 17% improvement) with peaks and

between 17-24% throughout the entire year (incoeasé&roughs being properly handled due to standardyatizh

predictability), whilst supplier 9 has 2 months twia
perfect match between its forecasted orders aratitsl
passed order levels. Having a rather stable omgigaittern
in the short loop supply chain (supplier-manufastur
customer) with smaller fluctuations will improvestfiow
of goods and delivery reliability as well as redtioe risk
of generating an upstream bullwhip effect (BE). [Bigus
9 and 10 also experience both a zero order situa®well

levelling techniques. In addition, within the arsdy
business year (2022), only 3 express shipments were
required due to a more balanced ordering-manufagtur
cycle. The business unit's excellent logistics pemiance
has been noticed by upper management and theyfauili
start managing the same range of services for biieeo
group’s additional manufacturing plants startin@20

Table 5 Overview of OEM 2's delivery characteristiom the distribution centre towards end cust@mer

Distribution| Driving time | . Outsourceq Expected servic{ Delivery
Pick-up day ;
cente (hours to level (% type
58 mir
Customer J 1h10mir Thursday LSP1 95 JIT
3h28mir
Customer 3h46mir | Wednesda LSPZ 85 JIT
Customer 4h03mir Friday LSP:Z 98 JIS
Customer4 7haomin | Wednesday | ooy 95 JT
and Frida
Customer§ 21h19min | Monday | -SF 30 85 T
LSP<
Overall .
averag 7h44min N/A N/A 91.6 JIT

Table 5 presents the delivery characteristics éones

reached within 3h28min driving time. An average of

of OEM 2's most important customers. OEM 2’s DC isth52min is thus needed with all 3 DLs expecting jos
located at 15h52min driving time from Western Roraan time delivery and a 95% service rate from LSP1 §dme

(border crossing times are not included). Bordessing

LSP for all 3 DLs). Customer 4 and customer 1'sBvéry

(Romania-Hungary) for trucks includes waiting andocations are managed by the same logistic sepviméder

document processing times at one of the 5 bortierdlac
Il is the most congested because it is the gateavthe Al
highway, where waiting times are 8-24 hours andesam
sometime reach 48 hours. Bors Il is an alternabuéalso
implies a 2 hour detour (A3 highway). Customer & Ba
possible locations for delivery from the distritmticentre:
delivery location 1 (DL1) has a 58 minute drivinme,
similar to DL2 (1h10min driving time), whereas DI

(LSP1), only one other LSP (LSP3) having more than
customer to manage (customers 3 and 5). Custormisn4
has the second highest delivery lead time (7h40maial)
has two alternative days (Wednesday and Fridayledia
for pick-up. Customers 2 and 5 have the lowest eepe
service level (85%) with customer 5 having tworaléive
LSPs due to its highest delivery lead time (21hXfmi
Customer 3 has the highest required service |9&%]
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and is the only one to expect a Just-in-Sequen& (J
delivery, all others using the typical automotivelustry
standard, the Just-in-Time (JIT) delivery.

Table 6 Overview of OEM 3’ manufacturing processsKP

Production| Availability | Performancg Performancg Quality level OEE (%)
date increase (%| target (% level (% (%)

Process 62 95 96 NDA NDA
Process 66 95 94 NDA NDA
Process 71 95 97 NDA NDA
Process 46 95 87 NDA NDA
Sl 61.2 95 93.5 NDA NDA
averag

Table 6 presents the OEM 3's most importanThe increase in time availability (by an averagéb®%)
manufacturing processes and their overall perfoomanhas also triggered a performance level increasgafnd
after implementing an extended warehouse managem@&@so for all processes, most notably for Proces36%6]
(EWM) system within the first semester of 2023,ams and Process 3 (97%), both above the set targetease
extra add-on to its current ERP system. Actual ityual Process 2 was just 1 percentage point below (9Re6gess
levels and overall equipment effectiveness (OEH) experienced some unexpected technical issuesaand
measured values were subject to agreed NDA ternig, otemporary minor backlog which affected its rati8y%b)
broad comments being consented for paper publishingithin the current analysis. Nevertheless, after igsue
Despite an investment required to attach the EWNh¢éo was solved, the process had a similar output, nregche
company’s current ERP system, the return on invesstm other processes’ performance (within the same rocdt
(ROI) was attained sooner than expected. OEM dbts timespan) therefore results should be more balanced
an own and external warehouse, but decided to facuts towards the end of the business year (2023). The
core competence (manufacturing) and contract anfa6P performance of each process is the average of the
part of its supporting logistics processes (warskoand performance of the 3 shifts in the company pergsscthe
distribution management). Only the company’s outitbu morning and day shifts having slightly higher protiity
logistics is outsourced (3PL), therefore an intElogistics  figures (up to 3 percentage points higher) thannilét
department is required to support the productiategss shift (around 5 percentage points lower than thezage of
(including planning, scheduling and levelling).the first 2 shifts). Moreover a 5 percentage pojmality
Implementing the EWM has enabled better inventorievel increase has been observed, as well as an OEE
accuracy, improved real-time process flow trackimgl increase of 12 percentage points, key takeawags @ity
automatically-triggered replenishment (e-Kanbarnesy$. 6 months of implementation.

Table 7 Overview of OEM 3’ warehousing performaikiéds

Initial Current Performance| Performancel Measured vs. target
Warehousing da| performance | Performance dynamic target performance leve
level (%! level (% (%) (%) (%)
Process NDA NDA +2C NDA +4
Process NDA NDA +1€ NDA +3
Process NDA NDA +12 NDA +2
Process NDA NDA +1C NDA 0
Overall averac NDA NDA +14.7¢ NDA +2.2¢

Table 7 outlines OEM 3’s warehousing performancand current performance levels, as well as the set
KPIs in terms of overall inventory accuracy foriabound performance target values were subject to agreed ND
individual references and their main categoriesw (raterms, only the resulting dynamic, variation antieeed
materials, components, subassemblies, MRO) aftersult (measured vs. target performance level) were
implementing and connecting the extended warehousensented for paper publication. Process 1's overal
management (EWM) system to the company’s trackedventory accuracy shows an increase of 20 pergenta
KPlIs. Integrated within the company’s ERP systeneesi points (an increase of 26% when comparing current t
early 2023, the system has improved overall retareninitial performance) thus exceeding the targetqranince
accuracy for each of the 4 main processes (data lével by 4 percentage points. Data for ProcesgiZares
aggregated and averaged for a total of 11 monihisial  similar results with an increase of 16 percentagatp for
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its current performance level (an increase of 196tf project details and are more productive in probmiving.
initial performance). Process 3 has the highestabiity  Sharing information also leads to a better foréegst
increase (see Table 6) which is also supportedtdy Baccuracy (lower overall variation compared to dctua
improved reference accuracy (13 percentage pointsders) and better overall production planning and
increase of its performance level, 2 percentagetpoi scheduling (rare cases of express shipments, omiytig
above target levels), an overall improvement of 16%e previous business year) with a reliable logististemn
last 11 months. Despite performing below averageithin the supply chain (DCs, LSPs and DLs delingri
compared to the other processes in terms of ail@yab both JIT and JIS to automotive customers). OEM & ha
(see Table 6), Process 4's warehousing resultsrgdtithe invested in training its employees to problem-salue to
target performance level. Data accuracy increagetiOb then standardize knowledge within their groups @aths
percentage points and showed an aggregated 12&asgecr (RQ2). Understanding relevant data, simplifyinggesses

in terms of a direct current to initial performanceand trusting each team member’s role have signifiga
comparison. On an aggregate level, for all 4 pree®s improved data accuracy across departments (both
warehousing data shows an increase in currentacgfor quantitative and qualitative), enabling smoother
all references of 14.75 percentage points (an &seref production and logistics flows and reduced inventor
18% when compared to initial performance) and alevels, boosting operational performance [26]. Bizhg
exceeded target performance level (2.25 percem@igés  internal processes and procedures can also beanpire

on average and a 3% increase in relative figussstual response to an anticipated decline in businessnesion
results for the last month are not available (nesea short or medium term, as suppliers tend to havaa
contract ended), but they should fall within theneadata data and first-hand evidence from the automotietose
range and confirm the aforementioned analysis. Wais Managing high volumes for automotive products with
later confirmed by the OEM 3's logistics professitswho longer than average life cycles increases the itapoe of
commented that “Results were as expected”, validatie an efficient internal production process (propaortiof
previous assumption (for business year 2023). Higidded value) and seamless shop floor workflow.ti@hif
inventory accuracy (EWM), automatically-triggeredfocus on core competence (manufacturing) means more
replenishment (e-Kanban) and tracking operationaésources are allocated to supporting activitiesthef
performance and productivity in real-time (OEE)@EM  production process (planning, operations, qualitd a
3 meant an increase of the proportion of value ddilee  continuous improvement) to increase productivity.
(in total time), production efficiency and enabled Recognizing its strengths in manufacturing, OEM 3

seamless flow of operations. strategically leveraged an external logistics pitewi(LSP)
to manage a portion of its non-core outbound laggst
5 Discussion processes (warehousing and distribution). This Soon

The main objective of this research paper was @Pre competencies streamlined internal operations
underline the relevance of data accuracy among tiépcrease of time availability, performance levelsd
suppliers from the automotive industry. Multiplesed OEE) in support of the manufacturing process [27].
planning departments with unbalanced extra safetjnplementing automated data tracking tools (EWNspal
margins added up reduce the actual forecast agcarat helps increase data reliability, inventory accurang the
lead to excess inventory (up to 18 months) or stotk leanness of the overall production system. OEMcBi$ed
(mismatched data in the system). Increased ordentifies  On improved operational performance (OEE) to mazémi
increase order lead times, impacting smooth omevati shop floor output [28] by improving data accuracy f
flow (supplier delays, urgent order change reguldpbound logistics (EWM) and outsourcing outbound
scheduling, express shipments) and overall JITymioh  logistics (distribution), indicating the value ofopess
system. Express shipments are costly, but the ebst ownership (BPM) for automotive suppliers in order t
customer penalties for stopping their productiae livould ~ Source an approach that is most adapted to thedifiys
significantly exceed the higher shipping rates. OEkas (RQ3). While improving operational performance ntige
good operational flexibility [25], but needs to enbe @ sign that OEM 3 is preparing to adapt to thecapited
process standardization to improve cost-effectisene automotive industry disruptions [29], it could alswan
confirming that proper balance between the twadfficdlt ~ Preparing for future growth on a more stable bsisise its
to achieve in practice (RQ1). Nevertheless, the GE& products have high aftermarket volumes as wellhig
proven ability to integrate several new and chalieg than OEM 1 and OEM 2).

projects in the last 10 years have sourced mulfiseory This research delves deeper into the implicatiohs o
extensions in order to accommodate Constanﬂy g@w| data accuracy within an automotive manufacturetésmal
volumes. logistics systems (forecasting, planning, and pssce

Customer-dedicated functional teams (within th&anagement). Findings are representative, as rexisti
logistics  department) with complementary skillsfesearch outlines the ripple effects of precise @, 31]
collaborative spirit and shared accountability KbotWithin the supply chain, partially confirmed withthis
individual and team-based) are more adapted toifepecPaper’s results (efficiency and resilience), wittdiional
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insights into a future automotive industry supphain almost 16 hours away from the plant (in additiobdoder
where agility and responsiveness will become egualHungarian border crossing procedures), on timeveléds
important. The limitations of the paper come frone t (OTIF) are mandatory to uphold car manufactureviser
NDAs, limiting the presentation of actual resultgdaoned levels (JIT and JIS). Forecasting accuracy hasoxgat by
(analytical completeness), affecting reproducipiland 22%, also enabling a more balanced production pignn
validity of presented findings. In addition, thesesstudies schedule for the second semester of 2023. Onlyriateer
have a strong empirical component (very specifierimal requires a 98% service level rate and JIS deliwehilst
and external challenges), affecting replicabilitglata and the others mainly expect a 95% level and JIT defivine

results which are acknowledged. furthest away customer (22 hours from the DC) only
imposing 85% rate on the service level. Future aete
6 Conclusions topics could delve into inventory optimization meds

The overall results confirm the existence of ingrn that integrate lead times, transportation times\angling
logistics performance issues within the 3 first @EMs service level requirements (SLAs) of geographically
from Western Romania. OEM 1's main |ogistics issares dispersed customers. Multi-echelon inventory moutls
inventory-related, as overestimating actual dentaedtes strategically placed buffer stocks closer to distan
excessive inventory (up to 18 months for the amalysw Ccustomers or vendor-managed inventory (VMI) program
materials, components and parts), as well as isetea With key suppliers could further increase OEM Zidiedy
Supp“er lead times and insufficient Storage Capaci rellablllty Dynamic production sched_uling simulqtions
causing production delays. Subsequently addingrarpi could also explore and test the effectiveness fiéreint
margins to forecasted levels of activity affect tékability ~ scheduling  strategies on on-time in-full  (OTIF)
of the production scheduling and burdens storapaaiy. ~Performance (85% vs. 98%) for JIT/AJIS deliveriesl an
Needing to manually approve certain data modifirati Provide valuable insights. o
within the company’s ERP system (automatic optisn i OEM 3’s outsources its outbounq logistics therefore
available) yields unproductive waiting times andhest Proper inbound logistics and production performaace
interconnected teams or departments to use datdasa needed to avoid shipping delays to its 3PL and end
not always been updated (ERP system showing adfickCustomers. The e-Kanban (integrated in the EWM)
material, but trucks waiting for hours to be unleddn automatically reorders raw materials, components,
front of the warehouse, outlining the value of réale subassemblies and MRO, thus supplying the productio
data. Furthermore, in addition to excess invenftiegl up Process in an appropriate pace and contributing to
working capital), several express shipments (wahtihost Seamless production flow. Overall inventory accyrée
250,000 units) had to be contracted to preventpiigp inbound logistics (warehouse) has improved by ntiae
customer production lines (carmakers) and bear hudé percentage points (more than 18% in relativedgin
penalties. Being agile and finding the right batanconly 11 months with 3 of the 4 process-related reite
between process standardization (cost-efficiency)l aexceeding their target performance levels (by 2-4
integrating new projects (business opportunity) hwitPercentage points). Implementation of the EWM has
current operations already running close to fupamty bPoosted the company’'s performance on all levels, as
makes achieving overall competitiveness challengir@vailability has increased by more than 60%, perésrce
(short and medium term). On the other hand invastig by around 10% (actual levels are within the sefetts) and
the possible outcomes of integrating advanced machiquality has risen by 5 percentage points. The GHiRg is
learning algorithms could be an insightful futuesearch thus 12 percentage points higher after implemertiiiey
topic. Machine learning algorithms incorporate haddle Nnew additional data management system, validatieg t
real-time complex datasets (while also automating trelevance of an improved process flow performance
process) and could source supetior demand foragastmonitoring system with real-time, reliable and aete!
accuracy. Dynamic inventory optimization based emdl data integrated within a customized ERP systemedas
times could prove to be relevant, as adjustingrirsy ~ these results some possible further research amid
levels based on real-time lead time data and sapplistudy advanced predictive analytics within the EWM'
performance fluctuations would also explore theitsitity ~ automatic  replenishment module such as material
of collaborative forecasting with the OEM's key pligrs. ~ criticality, lead time variability, potential coshplications
In terms of capacity management multi-tier storggtions  Of stockouts or excess inventory and suggest dynami
such as automated storage and retrieval system&@)S reorder points for critical materials (optimizingorder
could significantly improve warehousing space zdiion ~ Points for e-Kanban). Furthermore, to strengthest@ss
and should be a reliable option foynamic capacity reliability and a seamless flow of goods (inbounul a
allocation based on product characteristics andadem Within the factory) real-time data analysis coule b
patterns. integrated within the current EWM. Analysing sendata

OEM 2's main challenge lies within accuratet© predict equipment failures and scheduling préven
forecasting and balanced production planning sdeedumaintenance can be leveraged to minimize downtinde a
With no external warehouse and a distribution eent#isruptions in the production flow would increase
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availability to some extent. Increased machinelakgity
would also enable real-time data to shift job pties and
optimize production sequencing, increase througlgbut
potential bottlenecks and resource allocationmately
maximizing Overall Equipment Effectiveness (OEE).
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