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Abstract:

The primary goal of the article is to cover the iicgaions of digital technologies for value chains.
The hypothesis of the article is as follow digiethnologies driving exponential growth translate
into companies’ efforts to be both lean and aditee problem raised in the study is of being both
lean and agile facing the digital disruption. Tbpit¢ of the impact of digital technologies on value
chains has gained an increasing attention fronrmbssipractitioners. Scholars also have heavily dis-
cussed capabilities required for adaptation tortelclyies driving nonlinear growth. The applied
methods encompasses the literature review combiitediagnostic participant action research. The
understanding of lean and agile practices wasrtéingtgoint to build a tool for covering impact of
digital technologies on value chains. The literatteview allows us to explain reasons for the fast
progress in digitalization, defining the digitatt@ologies driving the exponential growth, provalin
explanation of what is lean, agile and leagile $uppain. Building on the literature review the glia
nostic participant action research was applied. [@tier allows to verify the assumed hypothesis.
While technology and the digital world grow expotigly, the manner in which we operate and
organize ourselves is still based on linear modésarchical structures and bureaucratic processes
For a reason of this, the deployment of the leanaajild practices would be of benefit to build cus-
tomer centric solutions. The article provides dbmtion to models of adaptation of multinationals
supply chains towards digital technologies. Whilstpractical study proved that absorption of digita
technology is in its infancy, the built diagnostioltallows us to map the absorption of digital tech-
nologies with regards to logistics needs of custen¥he conducted study proved existing more than
two practices defined by covering logistics cust@herquirements. As a recommendation for the
further work would be covering transformation fréinear to exponential organization.
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1. INTRODUCTION

The Moore’s Law telling us that the computing povigrdoubling every 18

months is one of the drivers of the digital revint The Metcalfe’s law suggest-
ing that the value of a communication network imases with the number of its
members in line with law of decentralization sayth@t decentralization is an
approach to manage (increasingly) complex systeukide also considered as
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triggers of the digital revolution. 3D printing,térnet of things, augmented real-
ity, drones, robots, artificial intelligence, mabapplication, cloud computing are
amongst the technologies fuelling the digitalizatieave. We understand digital-
ization in a simply way as a use of digital teclogiés in order to add value to
business. It is worth noting that terms of digization and Industry 4.0 or Revo-
lution 4.0 overlap each other. The meaning of térdustry 4.0 has been under
discussion amongst scholars (Pfohl, Yahsi & Kurrzd#,6).

Technologies that could have non-linear impactrgamizations growth are clas-
sified as exponential ones. The book on the exp@hemganizations attracts a high
attention from the business practitioners sidelasdbeen a source of inspiration for
implementing new business models. The Massive foanative Purpose is a model
of organizational change to reach non-linear — e&ptial growth (Ismail, 2014).

The digitalization drives also the widespreadinghefv business models of
sharing economy. The latter has been changing #yewe think about assets and
manifest itself by business models like sharingfptens, product as a service and
consequently translates into businesses like Widsnb, Instacart.

The main goal of the article is to cover the imptions of digital technol-
ogies for value chains. The understanding of vahgins is narrowed to value
supply chains (Ketchen & Hult, 2007).

The assumed hypothesis is as follow digital tecbgiels driving exponential
growth translate into companies’ efforts to be Hetin and agile.

The applied methodology encompasses the literaguie@wv combined with diag-
nostic action research (Coghlan & Brannick, 20T#g latter is amongst tools to be in
use to map and solve supply chain problems (Conghl@oghlan, 2002). Whilst the
literature review focuses on understanding of digeéchnologies and phenomena of
leanness, agility, leagility; interpretation of walsupply chains and covering impact of
digital technologies on value chains are basedagndstic action research.

The article encompasses the parts as follow:

—  covering reasons behind the fast progress in dizstéon;

- defining the digital technologies driving the expatial growth;

— explaining understanding of lean, agile and leagjilpply chains;

— discussing a research methodology;

— mapping the lean and agile practices within oniefvalue chain;

- providing a diagnostic tool helping to map how ppeoach the adaptation
towards digital technologies;

— conclusions and suggestions for further studies.

2. LITERATURE REVIEW

The plummeting costs of digital technologies metdwas the world is becoming
more connected. The table number 1 highlights cdetdine in technologies
that potentially would drive the exponential growth
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Table 1. The decrease in prices of technologies havingmtifor triggering expo-
nential growth of organization

Technology Average cost for equivalent functionality| Scale

3D Lidar Sensors 20 000 USD (2009) to 79 USD (2014) 250 X in 5|years
3D Printing 40 000 USD (2007) to 100 USD (2014) 400 X in 7 years
Industrial robots 500 000 USD (2008) to 22 000 USD (2023)X in 5 years
Drones 100 000 USD (2007) to 700 (2013) 142 X in 6 years
Smartphone with similar specificatigd®9 USD (2007) to 10 USD (2015) 50 X in 8 years

Source: based on Ismail (2014).

3D Lidar Sensors are amongst the key componeritiifgithe solutions called
Internet of Things. It could be conceptually defiress a dynamic global network
infrastructure with self-configuring capabilitiead®ed on standard and interoperable
communication protocols where physical and virtbadgs have identifies, physical
attributes, and virtual personalities, use inteltiginterfaces, and seamlessly inte-
grated into the information network (Vermesan, $3jeGuillemin, Gusmeroli,
Sundmaeker, Bassi, et,@011). Internet of Things is the internetworkingbj/sical
devices, vehicles, buildings and other items—eméeéduth electronics, software,
sensors, actuators, and network connectivity thable these objects to collect and
exchange data. In the Internet of Things, “smamgtiobjects” are active participants
in business, information and social processes wtheseare enabled to interact and
communicate among themselves and with the envirahbheexchanging data and
information “sensed” about the environment, whiéaating autonomously to the
“real/physical world” events and influencing it ynning processes that trigger ac-
tions and create services with or without direcinha intervention. (Vermesan,
Friess, Guillemin, Gusmeroli, Sundmaeker, Bass).e2011).

Augmented reality is an area of research that éneshance the real world
by overlaying computer-generated data on top dftiere are three key charac-
teristics of Augmented Reality systems: mixing watt images with the real
world, three-dimensional registration of digitaltalanteractivity in real time
(Schmalstieg, Langlotz & Billinghurs2011; Zhang & Wen, 2016). Augmented
reality is a live direct or indirect view of a phgal, real-world environment
whose elements are augmented (or supplementeddroputer-generated sen-
sory input such as sound, video, graphics or GR&. da

3D Printing was originally developed as an autowchatethod of producing
prototypes. Although there are several competinbrtelogies, most work on the
basis of building up layers of material (sometimé&sstic, ceramics or even metal
powders) using computer aided design. Hence,ri¢fexred to as “additive” pro-
cess; each layer is “printed” until a three dimenal product is created. The logic
for using 3D printing for prototype is compellingraditional “reductive” manu-
facturing techniques (where materials are remoead)take longer and are much
more expensive. Mechanical parts, shoes, fashéonsitand accessories and other
consumer goods, can all be printed for review lgy dsigner or engineers and
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revisions printed equally as easily. Whereas mess$ugtion is viable due to econ-
omies of scale, it is uneconomical for “one offsidgprototypes. 3D Printing will
remove this differential, where every item produisedn original (or perfect) copy
and tooling for one is as cheap as tooling for m@tgnners-Bell & Lyon, 2012).
The term “cloud” originates from the world of tet@amunications when providers
began using virtual private network (VPN) servides data communications.
Cloud computing deals with computation, softwaratadaccess and storage ser-
vices that may not require end-user knowledge@ptiysical location and the con-
figuration of the system that is delivering thevéms. Cloud computing is a recent
trend in IT that moves computing and data away fdesktop and portable PCs
into large data centres. The definition of cloudnpaiting provided by National
Institute of Standards and Technology (NIST) sawt:t“Cloud computing is
a model for enabling convenient, on-demand netveadess to a shared pool of
configurable computing resources (e.g., networkyegs, storage applications and
services) that can be rapidly provisioned and ssldavith minimal management
effort or service provider interaction”. With thar¢e scale proliferation of the in-
ternet around the world, applications can now bveled as services over the in-
ternet. As a result this reduces the overall cteddja & Modi, 2012).

Industrialrobot is a constructed replication of something trses robotics
for the purpose of mimicking something else or athig a task. Robots can be
guided by an external control device or the contnaly be embedded within.
Robots may be constructed to take on human fornmimst robots are machines
designed to perform a task with no regard to hosy tlook.

Assuming that digitalization could be a triggerlaifilding customer centric
value supply chains, discussion on the customeyets and their links with the
concepts of agility and leanness would build un@deding on how approach adap-
tation towards digitalization (Sambamurthy, Bharag& Grover, 2003).

Agility could be called as the ability to renewsdlf adapt, change quickly,
and succeed in a rapidly changing, ambiguous, tertitenvironment. A key
characteristic of an agile organization is flexityil Indeed the origins of agility
as a business concept lies in flexible manufactusystems. However, agility
should not be confused with leanness. Lean is atboimty more with less. The
term is often used in connection with lean manufdog. Many companies
that have adopted lean manufacturing as a busimasstice are anything but
agile in their supply chain (Christopher, 2000).

While leanness may be an element of agility inagertircumstances, by itself
it will not enable the organization to meet thegme requirements of the customer
more rapidly. Webster's Dictionary makes the digion clearly when it defines
lean as “containing little fat,” whereas agile &fided as “nimble.” One of the big-
gest barriers to agility is the way that complexinds to increase as companies
grow and extend their marketing and logistics re@ften, this complexity comes
through product, brand proliferation, logisticsluding transportation, warehous-
ing and customer service, but it also can comautitiahe organizational structures
and management processes that have grown up me(@hristopher, 2000).
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The simultaneous work of lean and agile princiglas support the effective
and efficient management (Olhager, 2003; NarasimB8annk & Kim, 2006) and
relationships within a supply chain (Wikner & Ta2@08), balancing efficiency and
responsiveness (Olhager, Selldin & Wikner, 200@sdarchers have addressed dif-
ferently the links between agility and leannessilifigvas defined as a ‘post-lean
paradigm’ (Jain, Benyoucef & Deshmukh, 2008), whitdorporates lean principles
to cope with a turbulent environment. In some oitedies, we can find an approach
which highlights the difference between agility alednness (Goldsby, Griffis
& Roath, 2006) where leanness is a philosophy &afigfiocused on eliminating all
waste including time, while agility is a way to usarket knowledge to exploit prof-
itable opportunities in a volatile, uncertain, agumus and complex environment.
Some authors point to the differences between deahagile models by covering
criteria as follow: typical products, marketpla@grthnd, product variety, product life
cycle, customer drivers, profit margins, dominargts, stockout penalties, purchas-
ing policy, information enrichment, forecasting hanism (Bruce, Daly & Towers
2004; Mason-Jones, Naylor & Towill, 2000; Gaude®zChristopher, 2016). The
summary of attributes of lean and agile optionsoaréhe table 2.

Table 2. The attributes of lean and agile solutions

Attributes LEAN | AGILE

CONCEPT Savings Finding market opportunities

GOALS Gain a larger effect by usingEnsuring growth and winning comt
less resources petitive advantage

BACKGROUND Improving of manufacturing [Volatile, Uncertain, Ambigious and
processes Complex environment

DRIVER Supply Demand

METHODOLOGY Covering “as-is” physical |Information based value chain
stream value chain Vertical and horizontal integration

PROCESS Standarization Selforganization

FORECASTING MECHA- |Alghoritmic Consultative; Implants

NISM

MARKETPLACE DEMAND |Predictable Volatile

PORTFOLIO Constant portfolio, Big packiProducts adjusted to consumers’
aging sizes, large volumes |needs

PRODUCTION High efficiency; High capac-{Modularity
ity utilization

PROCUREMENT Long term contracts Spot market

STOCKS Minimalization Buffers

TRANSPORT Low costs lanes Responsive lanes

WAREHOUSING Central warehouse Shared storage capacities

ORDER MANAGEMENT |Static relationshipsElectroniqOrders per store; Orders by sales
Data Interchange representative; Orders during wegk-

end; Urgent orders
CUSTOMER SERVICE Reactive Proactive, incentivize new activities
KPIs Productivity and costs Customer satisfaction

Source: based on (Bruce, Daly & Towers, 2004; Mason-JonespiN&aylfowill, 2000; Gaudenzi &
Christopher 2016).
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Following the content of the Table 2 the questiamuld be if lean and agile
solutions should be applied simultaneously or thiealviours should be differenti-
ated for example with regards to some customersheeald deploy lean solutions
and for some customers we should apply agile swisti

3. METHODOLOGY

The applied methodology is an effect of includinghinking on the topic under
study a few factors. First of all, the relation$vizeen ontology and epistemology.
For example, we could address questions as foilwhat do we see constructed
by our cognition or world we observe is an objeetieality? or what are our
cognitions patterns? do we approach a world weyshydfollowing system or
linear thinking? how do we approach complexity —dpplying keep it simply
stupid rule or seeking complicated patterns witomplexity?

Including in our thinking interrelations of basipistemological and on-
tological aspects we decided to deploy a methotkeséarch that follows the
diagnostic action research requirements.

Action research diagnosis is a collaborative efietiveen practitioners and the
researchers. The researchers concentrate on gstadiit of a sound theoretical frame-
work, a scientific hypothesis that might explaihdéeéours in the social problem space.
The practitioners, relying on their intimate famuiity with the problems, help eliminate
unreasonable hypothesis and unlikely theoretictaaets (Baskerville, 1997).

Problems that face the diagnostic action researetactually problems that
face social science research. In reality actioraeh shares these problems with
the other methods. There are three dilemmas inracéisearch: ethics — personal
overinvolvement with research, goals — the tworntasdters in social research (sub-
ject and science) and initiatives — the practicaspures that interfere with the con-
duct of “a disinterested pursuit of knowledge” (Rpprt, 1970). Scientists who
employ other methods, even survey research alse kmee dilemmas. These are
not peculiar to action research, but could be gteoim action research.

On the other hand action research has been lirksdly to systems theory
from its inception. These ideas recognize that huawdivities are systemic and
that action researchers are intervening in sogiatesns. Checkland not only
used the action research extensively in develofirgoft system methodology
but action research concepts for gaining profesdiknowledge permeated the
soft systems approach itself (Baskerville, 199R)tHis sense action research
could be perceived as an approach towards analysomgplexity in complex-
ity” which is sometimes called complex sophistioati

What is more we assume that having an option ofrirsy and participating
in a real business life case builds an opportunityet in-depth view on researched
processes and omit disadvantages of anonymously §ilirveys. On the other hand
the study will miss the confirmation and potentialidation by other peers. How-
ever due to the accelerating pace of change inrsméss life, up to date insights
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could make contribution to the theory. In this stutsights derived from diagnostic
action research could help to build theory on d@aliged value chain.

ONTOLOGY EPISTEMOLOGY
The reality is a construct Researching ,complexity in
our cogrmn complexity”

METHODOLOGY

Diagnostic action research

Figure 1. Methodology resulting from the assumed ontologarad epistemological
interrelations
Source: own elaboration.

We made efforts to follow a scientific regime arakensense of sense making. With
the respect of this we played the educationafoolpractitioners (Baskerville, 1997).

4. ANALYSIS

After discussing assumed hypothesis on the topidigitalization, covering the
areas of competency, explaining the understandirmasic terms, conceptualiza-
tion, we decided to cover logistics requirementsusgtomers and with the respect
to the latter we covered impact of exponential ietbgies on value chains.

As we can see on the Table 3 there are more thamptactices of logistics
behaviours within supply chain. Apart from lean agie options we also identi-
fied very agile and standard options. Mapping liggscustomers’ requirements
was not only of a reactive character but also fiealy covered customers logistics
needs that potentially could be required. Howebher covered numbers and the
detailed description of logistics requirements ustomers are only indicative.

From this mapping exercise came out that creatilidléxibility for custom-
ers requires four options — very agile, agile, dtad, lean.

As the next step we attributed the capabilitieseblasn covered technolo-
gies to identified four practices.

The findings of mapping exercise proved that didgigight matching based on
mobile applications and cloud computing would beppropriate capability for par-
ticularly very agile and agile practices but alemdard and lean practices on logistics
requirements for lead time, delivery notificatithe frequency of deliveries, urgent
orders ratio, logistics window, delivery point cdety, order placement, visibility of
order status. Digital freight matching means deplpgcalable and cost-efficient Soft-
ware as Service architecture to achieve compléeniation interaction in systems,
applications and processes (SAP) and point of (B&lES). Connecting all transport
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Table 3. Mapping logistics behaviors

Category

Very Agile

Stawomir Wycislak

Standard

Lead Time

<6h

<12h

24 or 48hours

72hours

Delivery notifi-
cation

The same day

One day

One day

Two days

The frequency
of deliveries

Every day including
weekends

20-23 times a month

Two days a w

Hekice a week

Urgent orders
ratio

10%

5%

1-3%

0.50%

Logistics win-
dow

One hour slot

One hour slot

Four hours sloiom to choose

Same day (or freq

slot)

Delivery prepa:

Separated by stock

Separated by Stock

ration I;ﬁgg;ng unit and Keeping Units Mixed pallets | Full pallets only
Order Size Case(s) or ltems >2 pallets >5-10 palletg Full Trucks
Picking ratio |ltems Cases Full layers Full pallets only

Delivery point
complexity

Direct Consumer
Deliveries

Direct Stores Deliver
ies

| Customer Distri
bution Centres
or Cross Dock

Customer Distrib
tion Centres only

Pallet heights

N/a

Detopped pallets

Standard pall

ESéandard pallets

Information on|Label per package ¢icabel on picked pal- [Label on full No special label-
pallets per SKU lets as well pallets ling
Order place- Vendor managemen . 100% Electronic
Telesales call center e-mail
ment Inventory, fax, Data Interchange
Visibility of or- [Access to real time |Automatic, real-time O_rc:]er co_nflrmatlo
der status order/truck status |alerts on delays W.'t Estlmqted No
Time of Arrival

Data/Forecast |Full Electronic PoinfFull Electronic Point |Promo/Full fore

No
exchange of sales data of sales data cast shared

Source: own elaboration.

flows end-to-end would give overview of the acttatus of deliveries in real time and
allow to react to real time issues. With digit&ight matching transportation footprint
is fully digitized, providing structured data whichuld be used to optimize transport
flows. Equally important is establishing a tran$poocurement-to-billing process that
ensures customers pay accurate invoices. Thiswisachieved with reciprocal con-
tracting and billing functionality. The verificatiqorocess is reduced to mere minutes
or hours, compared to days or weeks in a traditiomidigital model. The further po-
tential benefits would be long-standing customepegence from the new manage-
ment systems, which enable a much more rapid respon

Augmented reality for warehouse operations wastpdias required capabil-
ity for very agile, agile, standard and lean p@gi Augmented reality allows see-
ing the digital picking list in a field of visionna — thanks to indoor navigation
capabilities — see the best route, reducing trémed by efficient path planning.
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Table 4. Mapping potential applications of digital technyikes

Category

Very Agile

Agile

Standard

45

Lead Time

Delivery notification

Digital Freight

Digital Freight

Digital Freight

Digital Freight

Augmented Re

ality for ware-
house operatiof

Things for fork-
lifts; Augmente

The frequency of deliveriefviatching Appli{Matching Appli- Matching Appli. |Matehing Ap-
Urgent orders ratio cations /Cloud |[cations /Cloud cations /gCIo?J% plications
Logistics window computing/Mo- [computing//Mo- computing//Mo- /Cloud compu
Delivery point complexity bile Applica- bile Applica- bile Applications ting//Mobile
Order placement tions tions Applications
Visibility of order status

Delivery preparation Internet of Automated layer

picking; Internet
of Things for fork

Augmented ref
ality for ware-

house opera-

ality for ware-

ality for ware-

house operatiophouse operation

Order size Internet of Egﬁ\él%{gre ope E:esa;llﬁu?(;? (\e/\;g?ed- tions; Internet
Things for fork-|_,." ~ p Y .~ |of Things for
. ation; Cobots fdhouse operation; .
lifts S . forklifts
Picking ratio picking Cobots for picking
Internet of Thingd
Intgrnet of Int_ernet of for forklifts:Auto-
Things for fork-|Things for fork- mated laver pick-INot digital ca-
Pallet heights lifts; Virtual Re-[lifts;Virtual Re- |._ = 7 yer p aig
ing; Virtual Real- [pabilities

ity for warehouse,
operation

Information on pallets

Printers/existing

Printers/existing

Printers/existing

Printers/exist-

Data/Forecast exchange

solution solution solution ing solution
Digital Freight |Digital Freight | . . . Digital Freight
Matching Appli-|Matching Appli- :\D/I'gt'(tﬂir']:re'&ght“_ Matching Ap-
cations /Cloud |cations /Cloud g APP plications

cations /Cloud

computing/Mo- [computing/Mo- . . |/Cloud compu
bile Applica-  |bile Applica- Zoml‘i)cu;![?ogr{SMOb”E ting/Mobile
tions tions PP Applications

Source: own elaboration.

Using automated barcode scanning capabilitiesytsiem’s image recognition soft-
ware can check whether the worker has arrivedeatigint location, and guide the
worker to quickly locate the right item on the $hdlhe other capability for all
mapped practices is installing sensors on forkidtsnake maintenance and task as
well as distance info visible, which then drivepimovements — reduced maintenance
time and cost, reduced empty kilometres thus retifalift numbers.

For standard and lean practices automated laykingits also pointed as an ap-
propriate capability. Automated layer picking basadobots enables lead times to be
shortened and inventories to be reduced. For agdestandard practices an easy-to-
teach co-robot, capable to do repeating tasksdbuoving was pointed as a capability.

The conducted study raised the awareness of exisligital solutions and
provided impulses for discussion on implementatimital technologies.
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5. DISCUSSION

The article contributes to a discussion on modedslaptation of supply chains towards
digital technologies. The built diagnostic toobalks us to map the absorption of digital
technologies with regards to logistics requiremehtsistomers. In this way the paper
contributes to existing tools on building and imfng customer centric value supply
chains and helps the organization to adapt to ey digital technologies.

We should also verify assumed hypothesis as folgwie presented study
the differentiation of activities embracing veryilag agile, standard and lean
options goes further than the approach of beingikaneously lean and agile
in other words leagile. In this way a paper prosgitlee approach which expands
the thinking of Gattorna (2010) who suggests emgsfull flexible and collab-
orative models additionally to lean and agile pices.

From the methodological perspective, the study shdwvat including in
research “complexity in complexity” approach coplwvide us with outcomes
that extend existing models on lean and agile prast On the other hand, the
findings are presented in a linear way by usingrix@s. The latter reflects
a simplification in thinking on finding concrete §iness solutions.

The further study should be on interrelations betwhe concept of leagility
and flexibility. This area should provide promisirggults both for business prac-
titioners and scientists. Strategic, tactical, atienal as well as external and in-
ternal flexibilities should be discussed with redgato legality or lean, agile, very
agile, standard practices. Covering the interretetibetween the concept of le-
gality and flexibility should provide also recomnutions for building solution
that could help to adapt to digital exponentiahtemlogies.

What is more the further discussion on agility witbpect to interrelations amongst
mindset, values, principles, practices, tools andgsses should bring good results.

The potentially dynamic capabilities concept shdaddfurther discussed on its
applications in flexibility and leagility studiesdgwson & Samson, 2001; Helfat,
Finkelstein, Mitchell, Peteraf, Singh, Teece & Win2009, Rindova & Kotha, 2001).

The next question would be if exponential soluti@m®uld be built in
a parallel way to lean, agile, standard, and veilegoractices or all practices
should be included within one separate, integrabmediel. On the way from
physical towards digitalized assets at least temuyoco-existing of old exist-
ing approaches and new ones is assumed to be aegess

6. CONCLUSIONS

In order to adapt to driven by digital technologdisruptive changes compa-
nies should build appropriate capabilities. On¢hafse assumed needed capa-
bilities was co-existing of lean and agile pracsiée a value chain. The con-
ducted diagnostics action research proved existinge than two practices de-
fined by covering logistics customers’ requirements
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Hence the paper makes a contribution to existimgpmth on both concep-
tualization and building a diagnostic customer-cennodel for mapping im-
pact of digital technologies on value supply chain.

As a recommendation for the further studies wowddcbvering models of
transformation from linear capabilities to expom@ndnes. The question with this
respect to answer would be if the organization sdedbe the first mover, fast
follower, late adopter in order to adapt to digg&ponential technologies.

The next studies should also cover the differeptiadf the digital-born or-
ganization and organizations that should transfimtia digital ones. With the re-
spect of digitalization the digital sceptics, opiena focused, staged and secure,
strivers and digital differentiators models of abbk discussed.
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