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Abstract

In today's era of rising environmental concerns and increasing focus on sustainability,
organizations across industries are striving to reduce waste and improve efficiency in their
operations. This study explores the potential benefits of implementing SAP Extended
Warehouse Management (EWM) software to streamline and optimize warehouse pro-
cesses, thereby resulting in waste reduction. By leveraging SAP EWM's advanced fea-
tures, such as inventory management, order fulfillment optimization, and real-time visi-
bility, organizations can effectively eliminate unnecessary inventory holding costs, min-
imize stockouts, and improve overall warehouse productivity. This abstract discusses the
key functionalities of SAP EWM that can be utilized to identify and address various waste
types, including excess inventory, obsolete stock, material handling inefficiencies, and
operational bottlenecks. More specifically, this study investigates how SAP EWM, a
comprehensive warehouse management solution, can assist in streamlining processes and
monitoring inventory levels to minimize wastage of machine oil in warehouses. The sig-
nificance of integrated technology systems in achieving waste reduction goals, emphasiz-
ing the potential benefits of using SAP EWM in warehouse operations, is also highlighted
in this research. By embracing SAP EWM as a powerful tool for waste reduction, organ-
izations can significantly enhance warehouse operations, reduce ecological footprints,
and contribute to a sustainable future. Finally, this study examines an organization re-
sponsible for electricity distribution to reveal the structure and efficiency of systems
within this domain, with a particular emphasis on electronic waste management. Further-
more, it explores the implementation of SAP Extended Warehouse Management (EWM)
to improve the spatial and quantitative management of waste. The research seeks to un-
derstand the interaction of these systems and their contribution to a more effective waste
management strategy, thereby optimizing processes in both electricity distribution and
electronic waste handling.
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2T oNUEPIVI EMOYN TOV OLEAVOUEVOV TEPIPOALOVTIKDV OVIGLYLOV Kol TG AVEAVOLLE-
vng eotioong ot Piooiudtra, ot opyavicpol 6 GAOVG TOLg KAGOOVG TPpooTadovv va
LEWOGOLY TO amOPANTA KOl VO BEATIOGOVV TNV OTOSOTIKOTNTO TOV AEITOVPYI®OV ToLG. H
napovoo PLeEAETN dlepeuvd Ta TBaVA 0PEAN amd TNV £QaPLOYN TOL Aoyioputkov SAP EX-
tended Warehouse Management (EWM) yia tov e€opOoroyicpd kot t Bertiotonoinon
TOV JOOIKOCLOV omoOKELONGS, MG AMOTEAEGHA TN HelwoT TV aroPATov. A&lomoln-
vtog Tig Tponyuéveg Asttovpyieg tov SAP EWM, 6mwg 1 dayeipion amobepdtov, | Pek-
TIGTOMOINGN TNG EKTEAEGNC TOPAYYEAMMDY KOl 1] OPATOTNTO O TPOYUATIKO XPOVO, Ol Op-
YOVIGHOT pmopovV va eEAEIYOVV AMOTEAEGHOTIKA TO TEPLTTO KOGTOG dtoTrpnong amobe-
LATOV, VO EACYLOTOTOMGOLV TO amoBEpata Kot vo, BEATUOGOVV T1 GUVOAIKT] TOPAY®OYL-
koétta g amodnkne. H mapovca épsvuva e€etdlel tic Pacikég Aettovpyieg tov SAP
EWM mov pmopovv va a&1omomBodv yio Tov eVTOTIGUO Kot TV OVTILETOTION S10pOp®V
TOnoV amofiiteov, coureptloppovouévoy towv vrepPolkdv amobeudTmv, TOv amap-
YOLOUEVOV ATODEUATOV, TNG OVATOTEAEGUATIKOTITOG TOV YEPICUOD VAIKMV KoL TOV AEL-
TOVPYIKAOV cuppopnoemv. ITo cuykekpuéva, N wapovoa PeAETN SlEPELVA TOV TPOTTO LE
tov onoio To SAP EWM, po odokAnpopévn Avon dwayeipiong amobnkdv, pmopel va
BonOnoet 6tov €£0pBOLOYIGHO T®V SLOSIKACIOV KOl GTNV TOPAKOA0VON G TV EMITESWV
amofeldToV Yoo TNV EAAIGTOTOINGCT TG OTATAANG TOV pnyavéAALoV oTig amobnkes. H
ONUOGI0 TV OAOKANPOUEVOV TEYVOLOYIKMV GUGTNUAT®V Y10, TNV EMTELEN TOV GTOY®V
ueimong g onatding, tovifovrog to mhavd opéAn amd t ypnon tov SAP EWM otig
epyaoieg amodnkng, toviletan emiong oe avtn Vv épevva. Aykoaidloviag to SAP EWM
¢ éva 1oYVPod epyarEio Yo TN pelmon TV amofANTOV, 0l OpYaVIGHOL HTopolV vo. Per-
TIOCOVV CTLOVTIKA TIG AELITOVPYIES TOV amoONK®OV, VO LEWGOVV TO OIKOAOYIKO OTOTV-
Topo Kot vo suparovv og éva Prdoyo péAdov. Télog, oty mapovoa perétn eEetdleTon
&vag opyavioldg Tov gival vTeEBVVOG Yia TN SVOUT NAEKTPIKNG EVEPYELNG LE O10iTEPT
éupaocn ot dwyeipton TV NAeKTpovikdv amofintov. Emmiéov, depevuvd v gpap-
poyn tov SAP EWM vyia ™ Beltioon ¢ xopikng Kot TOGOTIKNG Sloyelptong Tov amo-
BAtwv. H épeuva emdidKel vo KATOVONGEL TNV OAAAETIOPACT) OVTOV TOV GLCTNUATOV
Kot Tr) GUUPOAT] TOVG GE 0L OMOTEAEGUOTIKOTEPT GTPATNYIKY dlayeiptong amoPfAntov,
BEATIOTOTOIDOVTOG £TCL TIC OAOIKAGIEC TOCO GTN SLVOUT NAEKTPIKNG EVEPYELNG OGO KOt

oTN SlElPIoN NAEKTPOVIK®OV OTOPANTOV.
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1 Introduction

Environmental protection has come to the world’s attention in recent years, and scientists
have been emphasizing the need to limit planetary warming. As a result, world leaders
from 40 countries participated in the “Leaders Summit on Climate” on April 22 and 23,
2021. The summit was hosted by the President of the United States and held at the White
House. The Summit has highlighted how these climate ambitions would create jobs with
good incomes, accelerate technological innovation, and help countries in need to adopt
the effects of climate change [The White House, 2021]. This eco-friendly mindset to nurture
the source of the earth has reached peak momentum so that the organizations feel pres-
sured to start thinking critically in building environmentally friendly business practices.
Green supply chain practices [GSCP] are believed to have a potential contribution
throughout the entire supply chain process, from suppliers, manufacturers, customers, and
until the disposal of the product [Yu, Chavez, Feng & Wiengarten, 2014]. According to a
recent study, companies need to compete through the implementation of information tech-
nology to contribute to the efficiency of the company [Acar, Zaim, Isik & Calisir, 2017].

Warehouse operations are central entities in competitive supply chains for han-
dling and storing materials [Pereira et al., 2020]. They also are essential structures to
enable a smooth product flow in supply chains [Sudding, 2021; De Koster et al., 2017].
Previous research has established three main types of warehouses: distribution, produc-
tion, and contract warehouses [Berg et al., 1999]. While distribution warehouses focus
mainly on storing and shipping deliverables from supplier to customer, production ware-
houses are spaces for different types of products (e.g., raw materials or finished goods).
Finally, contracted warehouses perform warehouse activities for a number of customers.
More precisely, in this study the phenomenon of interest is the identification and elimi-
nation of operational waste occurring in the warehouses. Most warehouses have similar
distinct activities, including offloading and sorting of goods, put-away activities, picking,
and packaging [Salhieh et al., 2018]. However, despite the importance of warehouses,
many do not operate and perform to their potential because they engage in several non-
value-adding activities [Pereira et al., 2020]. In this case, non-value-adding activities con-
tribute neither to warehouse performance nor customer satisfaction, resulting in different
types of operational waste [Prasetyawan et al., 2020; Panwar et al., 2017]. Consequently,
identifying and reducing operational waste in warehouses has become a key challenge in
increasing the performance of warehouse operations and supply chains [Dotoli et al.,
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2015; Ben Moussa et al., 2019]. Additionally, it is noticed that an underexplored route in
the supply chain literature refers to empirically grounded research examining warehouse
wastes, including their performance and operations [Tahboub & Salhieh, 2019; Salhieh
et al., 2018; Baby et al., 2018; De Koster et al., 2017].

Enterprise Resource Planning (ERP) is one of the information technologies which
has a significant influence in enhancing the company’s performance [Tarigan, Siagian &
Jie, 2021]. Nowadays, electricity production companies face constant pressure to enhance
their operations by delivering reliable and high-quality energy at the lowest possible cost

and with maximum efficiency.

One of the solutions to this problem is performing supply chains activities using
information technology [Salam, 2017]. Then the company seeks to implement business
practices while reducing the risk of environmental damage through the company’s prod-
ucts, services, and operations in general [Zhang, Zhao Q. & Zhao X., 2019]. As a matter
of fact, the company’s operational performance can be improved by adopting ERP tech-
nology, practicing green purchasing, green production, green plant maintenance and more

efficient waste management.

Taking all the above into consideration, the main objective of the study is to re-
duce industrial waste in warehouse operations through an SAP ERP system optimization.
More specifically, this study aims to investigate the benefits and challenges of using
SAP's Extended Warehouse Management (EWM) and SAP’s Waste Management sys-

tems as tools for improving waste management practices in warehouse operations.

In the second chapter, we explore the versatile role a Power Transmission Opera-
tor (PTO) in the environmental responsibility, emphasizing their impact on the ecosys-
tem. We dive into current practices and challenges in capturing PTO’s waste management
information, highlighting the critical necessity for more accurate data in order to enhance
sustainability outreach efforts. This chapter is also examining the integration of Enterprise
Resource Planning (ERP) systems to both streamline operations and improve the effi-
ciency. Finally, we focus on the key features of SAP Extended Warehouse Management
and SAP Waste Management modules, displaying the course these tools are able to opti-
mize waste collection and disposal techniques and contribute to more effective environ-

mental management.



In chapter 3, we are emphasizing in the critical role of sustainability in the frame-
work of synchronous business practices in reforming strategies and fostering economic
growth. We explore the significance of ERP systems in promoting sustainable business
growth, illustrating the way these systems facilitate initiative-taking decision-making, fo-
cusing on waste management. Furthermore, this chapter provides a detailed reference of
the European List of Wastes, addressing its classification, implementation and the main
challenges associated with the sustainable waste management practices. Overall, the
chapter highlights the fundamental interface between sustainability, technology, and reg-

ulatory frameworks in the modern business activities.

In chapter 4, we focused on the environmental impacts of electricity production
and distribution, emphasizing on pollution caused form air emissions, water contamina-
tion and contributions to climate change and global warming. Additionally, we examined
how ERP systems can promote sustainable growth and ensure compliance within the elec-
tricity distribution sector. Moreover, we embodied the legal requirements for pollutants
and dangerous goods, emphasizing in the regulations applicable to EU and the local in-
dustries, while chronicling results from recent sustainability reports from electricity dis-
tribution companies and promoting significant measurements implemented in order to
integrate environmental and waste management operational techniques. Finally, we ad-
dressed the detection of waste managed by a warehouse of electricity transportation com-
panies, highlighting the importance of effective waste monitoring and disposal strategies.

In fifth chapter, we developed workflows for waste management in warehouse
operations through SAP S/4HANA & SAP EWM. These workflows were enriched with
anticipated waste management scenarios for warehouses related to electricity distribution
companies. More specifically, there are steps combining the collection of waste material
related to electricity distribution activities and the relocation of them by following optimal
warehouse practices. In addition, there are scenarios regarding the review and engage-
ment of potential external organizations responsible for the execution of waste manage-
ment operations (i.e. safe disposal/scrapping/reuse), deemed unfeasible for completion
internally. Finally, the definition of accurate documentation of both theoretical and actual

waste, leading to comprehensive reports, illustrated in an extensive workflow.

Overall, we have examined how both SAP Waste Management and SAP Extended
Warehouse Management modules are able to help organizations manage waste more ef-

ficiently and reduce their environmental footprint while optimizing their warehouse

3



operations. This examination was implemented through the development and customiza-
tion of specific transactions on the SAP S/4AHANA (waste management) and SAP EWM

(warehouse management) platforms.



2 Literature Review

2.1 Environmental Impact of a Power Transmission Operator

Power Transmission Operators (PTO) and the environment are seemingly unlikely part-
ners. This is so because all of the high-voltage power transmission lines which emit elec-
tromagnetic fields (EMFs), the construction and maintenance of power transmission lines
that may require the clearing of land and can disrupt local ecosystems and habitats, and
the risk posed to climate change. Pollution is not only caused by these lines but also by
substations and the essential cooling and maintenance of autotransformers, which involve
significant quantities of lubricants. Environmental issues associated with these Operators
include energy consumption, water consumption, wastewater, solid waste and by-prod-

ucts, and emissions to air.

Power Transmission Operators rely on energy to operate and maintain their elec-
trical transmission systems. This energy consumption encompasses the functioning of
control centers, equipment, and infrastructure. Additionally, in certain instances, power
transmission infrastructure may necessitate water for cooling and other operational pur-
poses. The issue of water consumption is particularly pertinent in regions facing water
scarcity challenges. Furthermore, in most cases, transformers are cooled using air condi-

tioners that utilize SF6 gases, which are classified as greenhouse gases.

Furthermore, the maintenance and construction of transmission lines can generate
solid waste, including materials removed during right-of-way clearing. The responsible
management and disposal of these waste materials are areas of concern for operators. It
is well-recognized that emissions to the atmosphere can emanate from diverse sources,
encompassing vehicles and equipment employed in maintenance and construction activ-
ities. Emissions can also arise from the operation of backup generators at substations,
particularly during power outages.

These considerations underscore the importance of environmentally responsible
practices and technologies within the power transmission sector, as well as adherence to

regulatory guidelines and environmental standards to minimize their ecological footprint.

It is encouraging to note that numerous operators are progressively adopting en-
vironmentally responsible practices and technologies to diminish their environmental im-

pact. These practices are often guided and enforced by regulatory authorities and



environmental standards to safeguard both the environment and public health [Bamidele

Fakoya, Margaretha van der Poll, 2013].

2.2 Current Status of Capturing PTO Waste Management Information

The increasing focus on eco-friendly and sustainable operational processes has signifi-
cantly escalated their importance for every business, but even more so for Power Trans-
mission Operators worldwide. This is essential for accurately reflecting and accounting
for waste management costs, allowing them to efficiently determine these expenditures

and assess their effect on overall profits and environmental impact.

As global power transmission operators increasingly prioritize environmental sus-
tainability, it is becoming a common trend for companies worldwide to address their en-
vironmental footprint. This shift towards eco-conscious practices is exemplified by the
Greek Power Transmission Operator, which has also recognized the importance of miti-
gating its environmental impact. Amidst growing concerns about climate change and the
detrimental effects of traditional energy production methods, such as greenhouse gas
emissions and resource depletion, it is imperative for operators like the Greek company
to proactively embrace sustainable initiatives. The Greek PTO has initiated a project fo-
cused on organizing the management systems and procedures for all waste produced as a
result of their operations. More specifically, the operator has been diligently executing all
necessary actions to establish and activate an Electronic Waste Recording, Evaluation,
and Recycling System. Simultaneously, they are ensuring compliance with legislation
and updating the required data in the Electronic Waste Registry (EWR). This proactive
approach underscores their commitment to responsible waste management practices and
aligns with broader efforts to meet environmental regulations and standards. The aim is
to streamline the management procedures for waste generated by the company's opera-
tions. By implementing measures to reduce emissions, minimize waste, and promote re-
newable energy sources, these operators not only contribute to global environmental ef-
forts but also position themselves as leaders in the transition towards a greener energy

future.

The PTO responsible of the Greek market is developing an all-encompassing plan
to better manage the waste produced through various activities. This plan centers on the
implementation of a comprehensive initiative, which underscores the company's commit-

ment to adhering to environmental legislation and standards. It also demonstrates their



broader dedication to responsible waste management practices. This innovative, environ-
mentally conscious move involves a number of well-defined steps, with the ultimate goal
of significantly reducing the company's environmental footprint. These steps range from
updating census data to creating new sustainability targets.

The following is a comprehensive examination of the nine critical stages in the

implementation process:

1. The first step involves a meticulous update of the data and results obtained
from the previous year's census. These data were obtained from previous
studies on the condition of the waste. From these studies, three primary cate-
gories of risk were identified: environmental, financial, and reputational. En-
vironmental risks pertain to incidents such as oil spills, accumulator fluid
leaks, ashestos contamination, fires/arson, and the presence of materials con-
taining PCBs and PCTs. Financial risks generally involve legal actions or re-
quests for injunctive relief against the organization, as well as fines, penalties,
and theft. Reputational risks are related to deficiencies in waste management,
which can damage the organization's image and reputation, heighten local
community opposition to network expansion, and undermine the strategy for
sustainable development. This critical stage helps set benchmarks for the sub-

sequent strategies and identifies required improvements.

2. Defining the company's Environmental Policy with an emphasis on waste
management is the second phase. This stage showcases the company's dedi-
cation towards minimizing both direct and indirect effects on the environment

resulting from its operations.

3. Next is the creation of dynamic systems and quantifiable goals that focus on
recording, monitoring, and efficiently managing all waste streams. This pro-
cess also includes the establishment of control indicators for separate waste

categories to streamline management and monitoring efforts.

4. The fourth step is the detailed preparation of operational and technical speci-
fications required for the electronic waste management system. This platform
will buttress the management system and has been designed to comply with

the company's interoperability and cybersecurity requirements.



5. Next, we focus on human resources by organizing specialized training for
personnel involved in waste registration and management. This training
equips them with a thorough understanding of the company's environmental
policy, in particular waste management issues, and enables proficient utiliza-

tion of the waste management information system.

6. The sixth step is the pilot implementation of the designed information system.
This involves specific company personnel carrying out operations and data
entry checks for each waste category, followed by comprehensive system
tests, checks, and adjustments essential for the complete rollout of this sys-

tem.

7. Subsequently, the system garners results that reflect the company's environ-
mental performance in terms of waste management. These results are derived

using the defined control indicators, ensuring their credibility and accuracy.

8. This stage focuses on closely monitoring the management results of all waste
quantities within pre-defined priority categories. This process involves the
gradual expansion of data (results), aligning with the progress of environmen-
tal permit completion for various points or installations. This stage also en-
compasses data compilation required for the completion of the Electronic
Waste Register and the National Waste Register of Producers.

9. Finally, the culmination of this extensive process involves identifying new,
ambitious targets committed to further reducing the company's environmental
footprint. This reflects the company's ongoing dedication to sustainability and
responsible operational practices.

The following flowchart outlines the sequential steps involved in implementing

the comprehensive waste management initiative.
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Figure 1. 1 The nine critical stages in the implementation process

The principal goal of the system, currently in the implementation stage, is to en-
sure the company's adherence with both national and European legislative mandates con-
cerning appropriate waste management. This is to be attained through diligent recording,
monitoring, and evaluation of all determined waste flows, assuring their safe, lawful man-
agement, regardless of their ultimate disposal resolution, whether that can be reuse, recy-

cling, recovery, or energy recovery.

From a broader perspective, the system aims to create the necessary technical and
administrative conditions to contribute to the company's alignment with contemporary
environmental management requisites. Given the imperative to quantify, record, and in-
crementally attenuate its carbon footprint, and to potentially execute strategies for en-
hancing energy efficiency, this alignment is particularly crucial considering the nature of

its activities.



In conclusion, the system under development positions itself as an instrumental
tool in the ubiquitous move towards adherence to Environmental, Social, and Governance
(ESG) norms. As a precursor to meeting the mandates of ESG compliance, it constitutes

an invaluable resource in the constant pursuit of sustainable operational practices.

Incorporating these efforts with an Enterprise Resource Planning (ERP) system
propels the initiative to a whole new level of efficacy. By facilitating a centralized data
management approach, an ERP system smoothens the execution of operational and waste
management procedures. Consequently, the synergy of the Electronic Waste Recording,
Evaluation, and Recycling system and an ERP setup, offers an advanced, contemporary
approach to achieving sustainable operational practices. The enabling features of the ERP
system enhance the functionality of the waste management system, allow for seamless
data integration, and robustly support the accomplishment of the predefined sustainability

goals.

2.3 ERP System Integration

The integration of an ERP system into waste-reduction decisions will provide a transpar-
ent view of resource flow within an organisation and access to good information to reveal
where waste are created [Samaranayakea, Laosirihongthongb, Chanc, 2011]. A waste
management system can be integrated with an ERP system through two distinct methods.
The first method involves incorporating an additional module directly into the ERP sys-
tem, thereby enhancing its functionality and providing seamless integration. The second
method entails implementing a completely independent waste management system that
interfaces with the ERP system through various communication protocols and interfaces.
Both approaches aim to streamline operations, improve data accuracy, and enhance over-

all efficiency in waste management practices.

R

Waste

Management
System

Figure 2. 1 Decentralized Waste Management System
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Figure 2. 2 Waste Management System embedded in the ERP

Leveraging a decentralized Waste Management System, fosters a collaborative
environment where individual units can tailor their waste management processes to ad-
dress specific operational needs. This localized approach is facilitated by secure access
to critical data housed within a central master database. Through various interfaces, the
decentralized system seamlessly interacts with the central repository, ensuring consistent
updates for all relevant data points, including waste generation metrics, disposal records,
and resource utilization. This shared data foundation empowers comprehensive analysis
at both the central and unit levels, enabling informed decision-making across the entire

waste management ecosystem.

An ERP system is an integrated suite where individual operating systems, such as
the Waste Management system, fit together to serve the particular needs of all units within
the organisation [Chen, 2009; Yen & Idrus, 2011]. ERP driven software generates infor-
mation engineered to work together through a database designed to provide clear and
accurate information on raw material input and other resource usage through the system
including all transactions data from maintenance and initial installation activities [Sama-
ranayakea, 2009]. Establishing a database system is of paramount importance for making
informed decisions. The ERP system's robust data foundation enables administrators to
access both historical and current data [Lynch & Zhu, 2011]. This, as a result, proves
advantageous in recognizing trends related to process waste and facilitating the prediction
of future outcomes. Present systems for waste-reduction decisions in the Power Trans-
mission Operator (PTO) tend to separate economic, social and environmental factors at
the planning and management levels. An embedded Waste Management system is a de-
cision-making system that influences actions aimed at reducing waste, thereby impacting
efficiency and sustainable development. Hence, a fundamental adaptation or restructuring

11



of decision-making processes to address organization-specific circumstances is impera-

tive.

2.4 SAP Extended Warehouse Management and SAP Waste Management:
Key Features

Reducing waste in a warehouse can be facilitated with the assistance of SAP Extended
Warehouse Management (EWM) and its Waste Management process approach . SAP
EWM offers a range of features that support waste reduction efforts. For an organization
dedicated to electrical power transmission, the responsibility for managing the generation,
storage, transportation and disposing of materials deemed to be waste relevant. More in-
formation about the key features of this waste management process are provided in the
following table [SAP, 2023].
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Table 2. 1 SAP Waste Management processes

Process

Use

Prerequisites

Transporters &
Disposers

In order to comply with environmental regulations, the organization
is responsible for creating and editing business partners as desig-
nated transporters and disposers and linking them to specific waste
materials.

When creating new transporters and disposers, business partners
will only be visible if they have been assigned to a business partner
role corresponding to the relevant waste partner type. The waste
partner types, such as “Transporter” (01) and “Disposer” (02), are
predefined in the system. SAP provides standard business partner
roles for transporters (WTRAO1) and disposers (WDSP01), which
come pre-configured with the necessary mappings. These roles can
be assigned to business partners in their master data. It is also nec-
essary, the locations to be defined as waste generators in the “Man-
age Locations” under the “Environmental Details” tab.

Waste streams

In order to establish waste streams and define the relationship be-
tween a waste product and its production and storage locations, the
organization needs to follow the be-low steps:

1. Select a product when creating a waste stream.

The waste generator field is automatically populated based on
the assignment of waste material to a location previously de-
fined as a waste generator in the "My Transports and Disposers
- Waste Management" app.

2. Choose from waste storage locations and points of waste gen-
eration within the hierarchy of the waste generator.

When creating a waste stream with an "Outbound - With Stor-
age Location (OBWS)" type, an internal transfer request is re-
quired to move the filled container to a storage location.

For a waste stream with an "Outbound - No Storage Location

(OBNS)" type, an external transfer request to a disposal facil-
ity is initiated, triggering the creation of transport documents.

In order to access and manage waste streams in the “My Waste
Streams - Waste Management” app, the following requirements
must be taken into consideration:

1. Waste material to the location should be assigned (classified as a
waste generator) in the “My Transporters and Disposers - Waste
Management” app.

2. Locations (classified as waste generators) and points of genera-
tion should be defined using the “Manage Locations” app.
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Storage periods in the app are automatically set with corre-
sponding warnings based on the Customizing activity for
waste storage periods.

Container data and regulatory information are determined
from the validity area of the waste generator.

3. Regulatory codes may be required in some countries/regions
for the creation of waste transport documents.

Waste disposal
channels

Creation of a disposal channel to facilitate the ongoing transport
and subsequent disposal of waste material.

A new disposal channel could be created by linking it to an active
waste stream, which may already be predefined in the “My Waste
Streams” app. Additionally, permits can be added to the disposal
channel based on the country/region requirements, as defined in the
“My Permits” app.

In order for the setup to be completed, the packaged product must
be ensured that is defined in the “Manage Material Data - Environ-
ment Management” app, and the waste generator location be classi-
fied in the “Manage Locations” app.

Waste Transfer
Request

The disposal process, including waste product documentation, in-
volves recording de-tails such as the waste stream, disposal channel,
date of transfer request, and quantity of waste produced (including
the unit of measure). Logistics management covers movement from
the point of generation to a central or local collection point, fol-
lowed by transportation to the disposal facility by a designated
transporter. If no storage lo-cation is specified, direct transport oc-
curs from the point of generation to the disposal facility

A waste transfer request can be created to a location classified as a

waste generator. Waste transfer requests are exclusively available

for waste products that have been assigned to waste streams in the

“My Waste Streams - Waste Management” app. Additionally, the

following prerequisites must be met:

1. The packaged product should be defined in the “Manage Mate-
rial Data - Environment Management” app.

2. Locations need to be classified as waste storage locations and
points of waste generation using the “Manage Locations” app.

3. Activate the waste stream in the “My Waste Streams” app.

4. Disposal channel must be defined in the “Manage Disposal
Channel” app.

5. Waste business partners’” information must be provided in the
“My Transporters and Disposers” app.
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Waste Transporta-
tion Documents

To dispose of generated waste, each step in the waste disposal chain
needs to be documented in a legally compliant waste transportation
document.

In order a new waste transportation document to be created, an ac-
tive waste stream with a corresponding active disposal channel
needs to be predefined in the app “My Waste Streams - Waste Man-
agement”. Moreover, the following steps are the requirements in or-
der this process to be successfully completed:

1. Packaged product and waste codes should be defined and en-
tered in respectively, if necessary, in the app “Manage Material
Data”.

2. Waste stream and disposal channel should be defined and acti-
vated in the app “My Waste Streams - Waste Management”.

3. Adisposal channel should be defined and activated in the app
“Manage Disposal Channels”.

4. The location must be defined and classified as a waste genera-
tor, in the app “Manage Locations” .

5. Waste business partners information must be defined in the app
“My Trans-porters and Disposers - Waste Management”.
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For an organization dedicated to electrical power transmission, the implementa-
tion of SAP EWM vyields tailored benefits essential for its operational excellence. Ini-
tially, SAP EWM provides robust support for the storage of hazardous materials, ensuring
strict adherence to safety regulations and mitigating the potential for accidents or envi-
ronmental incidents. Through precise tracking and monitoring capabilities, SAP EWM
enhances safety protocols, effectively managing these critical assets to sustain operational

continuity and prevent disruptions.

Furthermore, SAP EWM optimizes the management of maintenance items, sub-
products, and waste generation—integral facets of power transmission operations. By
streamlining inventory processes, the system ensures the availability of essential mainte-
nance items, minimizing downtime and bolstering equipment reliability. Additionally, it
facilitates meticulous tracking and utilization of subproducts, identifying avenues for re-
cycling or repurposing to maximize resource efficiency and reduce waste output, thereby

aligning with sustainability imperatives.

Moreover, SAP EWM elevates the handling of waste storage and shipping, tack-
ling the complexities associated with regulatory compliance and environmental steward-
ship. With its advanced inventory management functionalities, SAP EWM enables or-
ganizations to methodically segregate, store, and label various waste types, ensuring se-
cure handling and mitigating environmental risks. By facilitating compliance with legal
mandates and industry standards for waste transportation, SAP EWM contributes to en-
vironmental responsibility, diminishing the ecological footprint of power transmission
endeavors. In essence, SAP EWM empowers electrical power transmission entities to
fortify safety measures, optimize resource utilization, and champion environmental sus-
tainability, ultimately bolstering the reliability and efficiency of power distribution en-

deavors.

Indeed, while the benefits mentioned earlier are indirect outcomes of SAP EWM's
impact on waste monitoring within the supply chain, the primary function revolves
around the accurate recording of waste generation, either at the point of production or
through reverse Bill of Materials (BOM) techniques. Specifically, SAP EWM facilitates
the meticulous tracking and documentation of waste occurrences, whether they occur in
the field where the waste is generated or through the validation of predictions via reverse
BOM methodologies.
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For instance, in the context of transformer maintenance, SAP EWM enables pre-
cise forecasting of waste generation, such as the production of oil or the release of SF6
and CO2 during the movement of transport equipment. By leveraging advanced predic-
tive analytics and reverse BOM analyses, SAP EWM provides organizations with inval-
uable insights into anticipated waste outputs, allowing for proactive waste management
strategies and resource allocation. This proactive approach not only enhances operational
efficiency but also minimizes environmental impact by enabling timely intervention and

mitigation measures.

Therefore, while SAP EWM indirectly facilitates broader waste management op-
timization across the supply chain, its core functionality lies in the accurate recording and
prediction of waste generation activities, empowering organizations to proactively ad-
dress waste-related challenges and uphold environmental sustainability standards
throughout their operations.

Finally, SAP EWM optimizes warehouse operations by automating most of its
processes. By automating its tasks, human errors and damages can be significantly re-
duced, leading to less waste. Also, the software enables efficient bin management and
space utilization, ensuring that goods are stored and allocated in the most optimal way,

minimizing wasted space.

Incorporating SAP EWM into waste management strategies offers a suite of spe-
cialized functionalities designed to streamline and optimize waste-related processes.
Firstly, the system enables meticulous recording of waste generation directly within its
framework, capturing essential data on the types, quantities, and origins of waste pro-
duced across operational activities. Leveraging sophisticated reverse Bill of Materials
(BOM) techniques, SAP EWM predicts waste generation with precision, facilitating pro-
active management strategies based on anticipated outputs from planned activities like

maintenance or production processes.

Additionally, SAP EWM ensures comprehensive tracking and traceability of
waste throughout the supply chain, from its inception to its ultimate disposal or recycling.

One leading technology in this sector is the RFID (Radio Frequency Identifica-
tion) scanners. SAP EWM can further support the organization in reducing the level of
waste through the use of RFID scanners, which can be executed on mobile or handheld

devices, enabling real-time tracking and monitoring of waste movement and inventory
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levels. This enhanced visibility facilitates proactive decision-making, allowing the organ-
ization to identify inefficiencies, minimize waste, and optimize resource utilization
throughout the supply chain. Additionally, RFID technology enhances accuracy and effi-
ciency in waste management processes, automating data capture and reducing manual

errors associated with traditional inventory management methods [SAP EWM100, 2021].

This end-to-end visibility not only ensures regulatory compliance and adherence
to environmental standards but also empowers organizations with insights to enhance op-
erational efficiency and sustainability. Through specialized inventory management fea-
tures, SAP EWM facilitates proper handling, labeling, and storage of waste materials,
minimizing risks of contamination and ensuring safety within storage facilities. Comple-
mented by robust reporting and analytics capabilities, the system empowers organizations
to analyze waste generation patterns, identify optimization opportunities, and make in-

formed decisions to drive continuous improvement in waste management practices.

Last but not least, SAP EWM provides comprehensive analytics and reporting
capabilities to identify areas of waste and inefficiency in warehouse operations, helping

businesses make data-driven decisions for continuous improvement.

In summary, SAP EWM plays a crucial role in reducing waste in a warehouse by
enabling accurate inventory management, automating processes, optimizing space utili-
zation, and providing valuable insights for waste reduction initiatives. Through its ad-
vanced functionalities, including waste recording, reverse BOM analysis, RFID scanning,
and comprehensive analytics and reporting capabilities, SAP EWM empowers organiza-
tions to proactively manage waste throughout the supply chain. By leveraging these tools
and capabilities, businesses can enhance operational efficiency, minimize environmental
impact, and drive continuous improvement in waste management practices, ultimately

fostering a more sustainable and resilient warehouse environment.
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3 Problem Description

3.1 Sustainability in the Modern Era: Transforming Business Strategies &
Fostering Economic Growth

In the modern era, there was a genuine need for the products and services to be increased
in this new market. Industries have to uprise their products and goods due to a dramati-
cally increasing demand. In order this aim to be achieved, the industry players are im-
pelled to alter the traditional ways of their production. Globalized workforces and supply
chains have raised environmental strains and associated business obligations. The rise of
new global powerhouses has escalated the rivalry for natural resources, thereby introduc-
ing a geopolitical perspective to the concept of sustainability [Lubin & Esty, 2010]. The
notion of sustainability not only pervades the itineraries of governments and organiza-
tions, but also the mission and vision of the educational and research programs worldwide
[Bettencourt & Kaur, 2011].

Despite the existence of some earlier precursors, these concepts gained formal
recognition and began to crystallize in the 1980s. Three interconnected objectives reflect
the provided definition of sustainability development: environmental, economic, and so-
cial [Elkington, 1994]. This is commonly referred as the Triple Bottom Line [Alhaddi,
2015]. This approach suggests that besides economic performance, corporations require
to engage in activities that positively affect the environment and the society. Nowadays,
a growing multitude of consumers have demonstrated an inclination towards sustainable
products and services and placing dependence on companies that adhere to progressive
sustainability practices. Extrinsic resources, including carbon dioxide emissions, waste
management procedures, and water utilization, hold a substantial role in influencing a

firm's overall performance.

Corporations are implored to enhance their flexibility to promptly adapt and re-
spond to market alterations, owing to the rapidly evolving business strategies and the
dynamic global business environment. Among the catalysts instigating changes, the de-
mands for corporate responsibility and sustainability are becoming ever imperative.

In light of a relevant research [Kiron et al., 2012], sustainability adoption drivers
consist of internal and external elements to an organization. The internal factors of sus-
tainability drivers are related to operating costs, revenue growth, brand integrity, em-
ployee engagement, and leadership. Along with these internal factors, the external factors
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include access to new markets, regulation, green score cards, media and nongovernmental
organizations, climate change science, resource scarcity, and consumer demand [Chofreh
et al., 2014]. Sustainability facilitates the creation of novel opportunities through innova-
tion, thereby providing a competitive edge and propelling cost reduction measures. Be-
yond the palpable cost-saving derived from reduced energy consumption, further benefits
encompass shifting behaviors that bolster productivity, enhance morale, expedite busi-
ness processes, foster creative innovations and optimize the use of technology. Conse-
quently, numerous organizations are integrating sustainability initiatives into their corpo-

rate strategies.

3.2 The Role of Enterprise Resource Planning Systems in Sustainable
Business Growth

There is a noticeable upsurge in the number of organizations progressively integrating

contemporaneous Information Technology (IT) applications and products into their oper-

ational processes. This is possibly sensible as such technologies help organizations to

perform business operations effectively, provide strategic advantages and have a potential

to lead organizations towards growth and innovation [Anaya & Qutaishat, 2022].

It is well defined that numerous IT solutions are available in the market. Although,
during this study, the EWM system was proposed to be implemented to the Greek PTO.
This system was selected, among others, to efficiently manage the stock and the waste

materials, alongside activating its Waste Management module (EHS-SUS-WA).

For sustainability to thrive, the implementation of sustainable business practices
is essential. Information systems serve a pivotal function in propelling an organization's
transition towards undertakings of sustainability. The above statement refers to the crea-
tion, execution, and maintenance of the information systems that support environmentally

friendly business procedures [Boudreau et al., 2008].

The predominant application frequently utilized is the Enterprise Resource Plan-
ning (ERP) systems. This progression transpires as ERP systems have been discovered to
yield substantial benefits and strategic advantages to organizations. Furthermore, they
embody a crucial role in endorsing and implementing best practices, thereby driving op-
erational excellence in business entities. Additionally, ERP systems serve as strategic cat-
alysts, stimulating organizations to achieve success in their development, fostering

growth, and promoting long-term sustainability. ERP is found to be associated with many

20



sustainability indictors in economic, social and environmental dimensions [Anaya &
Qutaishat, 2022], boosting the ability to enable data and process integration across mul-

tiple business functions.

3.3 ERP Systems in Sustainable Decision-Making for Waste Management

As a business strives for profit growth and new business value creation, it also aspires to
achieve sustainability and development. Decision-makers with immediate access to data
from an ERP system can efficiently manage and allocate enterprise resources by gaining
insights into business profitability and environmental impacts. This is facilitated by KPIs,
such as measurements of environmental permitting compliance for projects and activities,
adherence to permitting legislation, and compliance with Electronic Waste Register

(EWR) requirements.

This advantage facilitates competitiveness, stimulates cost-reduction initiatives
and aligns profit generation with societal impacts. It leads to the internalization of societal
and environmental factors and institutionalizes sustainability-oriented leadership via the
ERP system [Huang et al., 2019].

However, the manner in which businesses approach sustainability becomes a crit-
ical aspect of business strategy and operations [Chofreh, Goni & Klemes, 2018]. Consid-
ering the rapid evolution of information technology and its profound impacts on business
operations, it is essential for business management models to foster innovation and adapt-

ability for their survival and prosperity.

Enterprise Resource Planning (ERP) systems provide an essential resource for
waste management by harmonizing processes for optimal efficiency and sustainability.
Key features such as inventory management, supply chain integration, and material re-
quirements planning facilitate the reduction of waste. These systems ensure inventory
levels are maintained accurately, materials are procured timely, and appropriate quantities
are produced. ERP systems also enhance quality control, demand forecasting, and finan-
cial management, reducing waste caused by defects, overproduction, and ineffective re-
source allocation. Among the features, warehouse management stands out, as it effec-
tively oversees storage organisation, handles hazardous materials, and tracks waste dis-
posal. This leads to a reduction in waste leakage risks, contamination, and mishandling.
Additionally, ERP systems also assist with environmental compliance, integrating

smoothly with specialized waste management software, providing real-time data access,
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and promoting transparency. Therefore, ERP systems essentially enhance waste manage-

ment, aligning the organization’s initiatives with sustainability goals.

Building on the efficacy of Enterprise Resource Planning (ERP) systems in waste
management, this type of software dedicated to waste management, offers further bene-
fits. It enhances waste collection and disposal processes, simplifies regulatory compliance
[Lachance, 2023], and provides real-time operational visibility, whether for small busi-
nesses or large corporations. By centralizing data regarding waste varieties, disposal
methods, and associated costs, it optimizes record-keeping and generates accurate reports.
Such an overview supports data analysis that drives smart, informed decisions. Cost re-
duction is another advantage, with software unveiling opportunities to economize re-
sources and streamline operations. Further, it bolsters customer service by offering accu-
rate pickup schedules and real-time notifications. Importantly, efficient waste manage-
ment software aligns with broader objectives of environmental sustainability and corpo-
rate social responsibility. In essence, when combined with ERP systems, waste manage-
ment software empowers organizations to operate with heightened efficiency, regulatory

compliance, and commitment to a sustainable future.

3.4 Classification, Implementation and Challenges of the European List of
Wastes in Waste Management

The European List of Wastes (LoW), a substantial compilation consisting of 839 distinct
waste types organized into 20 chapters, represents the European Union's official waste
classification system. This system primarily functions as an administrative tool in permit-
ting and overseeing waste generation and management sectors [Commission of the Euro-
pean Communities, 2010]. Predominantly, wastes are categorized based on their original
source, meaning the specific economic sector or the original process that generated them.
Every type of waste is distinctively identified with a unique six-digit code [Government
of the United Kingdom, 2021].

e The first two digits are the chapter
e The next two are the sub-chapter

e the last two are the specific to the waste type

Note: Hazardous/special wastes are identified using an asterisk (*).
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The Waste Statistics Regulation compels the utilization of the European Waste
Catalogue (EWC-Stat) for relaying data to Eurostat, yet it refrains from prescribing any
certain classification scheme for data collation. Consequently, countries have the liberty
to adopt any waste classification system, given they ensure the delivery of the mandated
formats retaining the specified quality.

In order to acquire dependable and comparable data, it is essential to effectively
implement both the company's computerized waste management system and the List of
Waste (LoW), along with the overall organizational structure. The classification process
must align with the procedure described in No. 3 of the introduction to the Commission
Decision 2001/118/EC*. Should a specific waste require classification, the undermen-

tioned steps [Commission of the European Communities, 2010] should be pursued:

1. Identify the field of activity to which the waste producer belongs, i.e., chap-
ters 1 to 12 or 17 to 20.

2. ldentify the sub-chapter within the chapter which best characterizes the
source of the waste.

3. Within the sub-chapter, identify the waste category which best characterizes
the waste. The specific is always to be identified over the general.

4. If no appropriate waste category can be found in chapters 01 to 12 or 17 to
20, chapters 13, 14 and 15 should be examined as described above in steps 2

and 3 before resorting to waste categories XX Y'Y 99.

5. If only one waste category XX Y'Y 99 comes into question, the waste should
be identified with a waste category in chapter 16, in accordance with steps 2
and 3 above.

6. If a suitable waste category cannot be found in chapter 16, then XX YY 99 is
to be used in the chapter and sub-chapter corresponding to the most appropri-
ate source producing the waste

Identifying the suitable procedure for the 99-codes in the List of Wastes (xx yy
99 codes) poses a challenge. The 99-codes are exclusively intended for non-hazardous

wastes that cannot reasonably be assigned a specific waste code from the list. Ideally, the

12001/118/EC: Commission Decision of 16 January 2001 amending Decision 2000/532/EC as regards the
list of wastes. Useful link Decision - 2001/118 - EN - EUR-Lex (europa.eu)
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use of 99-codes should not be necessary. However, if a particular type of waste is not
listed under the specific sector, one is required to browse through all other chapters of the

List of Wastes to find the most fitting code.

In the event that countries expand the List of Wastes with supplementary national
codes, a national transposition table needs to be implemented to assign these additional
codes to the appropriate LoW-code correctly. It is not accurate to assign the supplemen-

tary codes to the 99-code of the relevant sector.

The classification process is succinctly summarized and depicted in the decision

tree featured below.
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Figure 3. 1 Schematic flow chart on the correct assignment of wastes to LoW codes
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Table 3. 1 Waste Electronic and Electrical Equipment (WEEE)

Example Waste Electronic and Electrical Equipment (WEEE)

This example provides guidance on the classification of waste electronic

Scope and electrical equipment (WEEE) and related components.

The list of waste contains entries for WEEE in two chapters, 16 and 20.WEEE from domestic
households, and items of a similar type from industrial and commercial sources household, is clas-
sified in chapter 20. Although, this chapter takes precedence over chapter 16, the example will be
focused on waste produced by electricity generation and transmission. More specifically, commer-
cial / industrial-type or sized equipment, that a domestic household would not typically produce,
would be classified under chapter 16.

e 16 02 09* transformers and capacitors containing PCBs AH

e 16 02 10* discarded equipment containing or contaminated by PCBs other than those
mentioned in 16 02 09 AH

e 16 02 11*discarded equipment containing chlorofluorocarbons, HCFC, HFC AH

e 16 02 12*discarded equipment containing free asbestos AH

e 16 02 13* discarded equipment containing hazardous components other than those
mentioned in 16 02 09 to 16 02 12 AH

e 16 02 14 discarded equipment other than those mentioned in 16 02 09 to 16 02 13
AN

The entry 16 02 13* is an absolute hazardous entry because a *hazardous component’ is not a
hazardous substance either specifically or generally. It is the presence or absence of a hazardous
component in the equipment that determines code is used. If no hazardous component is present
in the equipment, 16 02 14 would be appropriate. A hazardous component is a component either:
e listed in the LoW as hazardous, or
o any other component that would possess a hazardous property if assessed in isola-

tion
The list of waste specifies that hazardous components include hazardous accumulators/batteries

(ones coded 16 06 01* to 16 06 03*); mercury switches; glass from cathode ray tubes and other

activated glass; mercury containing backlights and other similar items.

Similarly, the entries 16 02 09* to 16 02 12* are also absolute hazardous component entries
which contain reference to specific hazardous substances. The component alone is assessed to
determine whether it is hazardous due to the presence of the specific hazardous substance. The
entry is used if the equipment contains a component assessed to be a hazardous due to that sub-
stance (for example asbestos containing components like cables, washers or insulation). If it does
not, then the other entries in this sub-chapter (both hazardous and non-hazardous) must be con-

sidered.
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4 Methodology

4.1 Assess Pollution Impacts of Specific Operations, Illustrated by Elec-
tricity Production Facilities and Transfer

Even with significant advances in decreasing pollution from the electric power industry,
power plants that use fossil fuels are still major contributors to air, water, and land pollu-
tion affecting communities across the globe [US EPA, 2023]. A comprehension of the
various elements involved, and their environmental consequences is needed to assess the
pollution effect from activities such as power production installations. Electricity gener-
ation facilities, particularly those dependent on fossil fuels, have a varied array of envi-
ronmental implications, contributing to air and water contamination, soil degradation, de-

struction of habitats, and global warming.

4.1.1 Air Pollution

During the process of electricity generation, the combustion of fossil fuels discharges an
array of injurious atmospheric pollutants, such as Particulate Matter (PM), Sulfur Oxides
(SOx), Nitrogen Oxides (NOx), Volatile Organic Compounds (VOCs) and Cardon Diox-
ide (CO2) [Fengping & Yongming, 2021]. These pollutants pose a substantial threat to
public health, inciting or exacerbating respiratory ailments such as asthma and chronic
bronchitis, and inflict damage on the environment by acidifying landscapes and aquatic

ecosystems.

Power plants that generate and distribute electricity are recognized as the primary
source of substantial Carbon Dioxide (CO2) emissions, a greenhouse gas that exacerbates
global warming and climate change. All of these CO2 emissions are generated through
various activities involved in the PTOs. These activities include the removal of old infra-
structure, the transportation of materials and equipment, the installation of new power
lines, and the ongoing maintenance of the electrical grid. Each of these processes requires
significant energy consumption, typically involving the use of fossil fuels, which results
in the release of CO2 into the atmosphere. Consequently, these operational activities col-
lectively contribute to the overall carbon footprint of power plants.

4.1.2 Water Contamination

The distribution of electricity involves various processes that can have significant envi-
ronmental impacts on water bodies. While the production of electricity is often high-
lighted, the distribution network itself also poses several risks to aquatic ecosystems.
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One of the primary environmental impacts on water bodies from the distribution
of electricity by a Power Transmission Operator (PTO) is chemical contamination from
insulating fluids. Transformers and other electrical equipment often use insulating fluids
like polychlorinated biphenyls (PCBs) and mineral oils. Leaks or spills of these fluids can
contaminate nearby water bodies, harm aquatic life, and potentially enter the human food
chain. Another significant source of water pollution is thermal pollution. Electrical dis-
tribution equipment generates substantial heat, and cooling systems that use water from
nearby sources are sometimes employed to dissipate this heat. The discharge of heated
water back into water bodies can raise local temperatures, disrupt ecosystems, and harm
temperature-sensitive species. Lastly, the construction and maintenance of PTO assets
have a major negative impact on the environment, particularly on water bodies. Building
and maintaining power lines often involve extensive ground disturbance, leading to in-
creased erosion and sediment runoff into water bodies. This can smother aquatic habitats,

reduce water quality, and disrupt the life cycles of various aquatic species.

4.1.3 Climate Change & Global Warming

Carbon dioxide emissions from power plants contribute to climate change, which affects
ecosystems in multiple ways. Climate controls how plants grow, how animals behave,
which organisms thrive, and how they all interact with the physical environment. Climate
change poses the most notable longstanding environmental threat amplified by power
production installations. These installations make the electric power industry the second
predominant cause of carbon dioxide pollution, thereby worsening climate change [US
EPA, 2023]. As a result, we are seeing damaging ripples on public health and various
ecosystems, affecting biological communities, economies, people, and the services the
ecosystems offer. Predominantly, the use of fossil fuels discharges substantial volumes
of CO2 into the atmosphere. Being a greenhouse gas, CO2 ensnares heat, catalyzing the
Earth's average temperature increase, or global warming. Consequences of such change
include heightened occurrence and intensity of heatwaves, increased vulnerability to
droughts and floods, sea-level rise, alterations in precipitation patterns, and ecosystem
disruptions.

To moderate these effects, the focus is shifting towards adopting alternative elec-
tricity production methods such as wind and solar power, which generate minimal pollu-
tants and inflict significantly less environmental harm. Nevertheless, the shift towards
these renewable energy sources needs to be meticulously steered to alleviate potential

28



environmental repercussions while maintaining a dependable electricity supply. Alt-
hough, electricity transmission is unavoidable, capturing and mitigating associated pollu-
tion is critical for a cleaner energy grid. PTOs operations can be optimized to minimize
their environmental footprint through the implementation of pollution capture technolo-
gies and essential reduction strategies.

The fruitful evaluation and governance of these environmental impacts necessitate
the amalgamation of technological progress, regulatory initiatives, and societal responses.
Technological breakthroughs can augment the efficiency of power generation installa-
tions and electricity distribution minimizing their pollution. Meanwhile, policy-based ac-
tions can establish standards and implement guidelines to regulate the emission of pollu-
tants. Societally, the transformation of consumption habits towards energy-efficient prac-
tices and renewable energy sources can markedly decrease the environmental harm

caused by electricity production facilities.

4.2 ERP Systems: Driving Sustainable Growth & Compliance in the Elec-
tricity Production Sector

An Enterprise Resource Planning (ERP) system plays a crucial role in promoting the sus-

tainable growth of a company in the electricity production and transportation domain,

respecting both legal and business constraints. The following components are particularly

pertinent:
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Figure 4. 1 ERP Components that promote sustainable growth

Regulatory Compliance: ERP systems can help track and manage compliance

with local, national, and international regulations like environmental laws,
safety standards, and industry-specific standards. They also ensure compli-

ance with renewable energy targets and emission reduction goals.

Resource Management: ERP systems can optimize resource allocation and

utilization, reducing waste and improving efficiency. For instance, this en-
compasses everything from the planning of material requirements, such as
submarine cables for interconnecting island regions, to the scheduling of
equipment and personnel. This approach would reduce the environmental
footprint of these interconnections.

Energy Efficiency: An ERP system can track energy usage and identify areas

where efficiency can be improved, thus reducing both costs and environmen-

tal impact.

Supply Chain Management: ERP systems can manage relationships with sup-
pliers to ensure the use of sustainable and ethically-sourced materials, such
as paper and packaging products that are not associated with deforestation
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activities, and to optimize delivery and transportation to reduce environmen-

tal impact.

e Waste and Emission Management: ERP systems can help quantify and man-

age waste products and emissions, targeting reduction, recycling, and proper
disposal, in line with environmental regulations. Moreover, there has been a
technological breakthrough in forecasting the pollution generated by pre-

planned maintenance activites.

e Risk and Disaster Management: ERP systems help in better predicting, miti-

gating, and managing risks including operational, financial, and environmen-

tal risks.

Investing in an ERP system that considers these aspects can help an electricity
production and distribution company align its business strategy with sustainability objec-

tives, while adhering to all legal and commercial constraints.

4.3 Legal Requirements Valid for EU & Local Industries: Pollutant &
Dangerous Goods

Predicated on the tenets of precaution, prevention, pollution mitigation at its genesis, and
the 'polluter pays' doctrine, the European environment policy seeks to address an array of
multifaceted ecological predicaments. The European Union (EU) grapples with intricate
environmental dilemmas that span from climate variations and biodiversity decline to
resource scarcity and pollution. Recent developments have seen environmental policy
gaining a pivotal role within EU legislation. The Commission has instigated the imple-
mentation of the European Green Deal (2019), positioning it as the principal impetus be-
hind the EU'’s economic augmentation strategy [European Parliament, 2023]. The Euro-
pean Union is competent to act in all areas of environment policy, such as air and water

pollution, waste management and climate change.

Since 1973, the Commission has issued multiannual Environment Action Pro-
grammes (EAPS) setting out forthcoming legislative proposals and goals for EU environ-
ment policy. In May 2022, the 8th EAP entered into force, as the EU’s legally agreed
upon common agenda for environment policy until the end of 2030 [European Parliament,
2023].
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It reiterates the seventh EAP’s vision for 2050: ensuring well-being for all, while
staying within planetary boundaries. The new program endorses and builds on the envi-
ronmental and climate objectives of the European Green Deal along six priority objec-

tives:

Achieving the 2030 greenhouse gas emission reduction target and climate
neutrality by 2050;

e Enhancing adaptive capacity, strengthening resilience and reducing vulnera-

bility to climate change;

e Advancing towards a regenerative growth model, decoupling economic
growth from resource use and environmental degradation, and accelerating

the transition to a circular economy;

e Pursuing a zero-pollution ambition, including for air, water and soil and pro-

tecting the health and well-being of Europeans;

e Protecting, preserving and restoring biodiversity, and enhancing natural cap-
ital (notably air, water, soil, forest, freshwater, wetland and marine ecosys-
tems);

¢ Reducing environmental and climate pressures related to production and con-
sumption (particularly in the areas of energy, industrial development, build-
ings and infrastructure, mobility and the food system).

It is worth mentioned that electricity generation and distribution are influenced by
nearly all of the aforementioned objectives, as they involve structures on land, sea, and

in the air.

Parliament significantly influences the development of environmental regulations
within the EU. In its eighth term (2014-2019), it addressed legislative matters related to
the circular economy action plan, encompassing areas such as waste management, batter-
ies, end-of-life vehicles, and landfilling. Additionally, the Parliament tackled climate
change issues, including the ratification of the Paris Agreement, efforts regarding emis-
sions sharing, accounting for land use changes and forestry in the EU's climate commit-
ments, as well as reforms to the Emissions Trading System (ETS), among other topics.

Industrial activities play a pivotal role in the European economy; however, they

concurrently exert notable adverse environmental impacts. Prominent industrial
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installations contribute significantly to the overall emissions of key atmospheric pollu-
tants, generate substantial waste, and consume considerable amounts of energy. These
emissions detrimentally affect water and soil quality, posing threats to ecosystems, crops,
and the built environment. In response to the substantial environmental and health impli-
cations associated with industrial installations, comprehensive EU-wide legislation has
been enacted. This regulatory framework aligns with the Zero Pollution action plan, em-
phasizing the imperative to systematically address and mitigate the environmental reper-

cussions of industrial activities [European Commission].

Increasingly, companies responsible for the electricity distribution in their re-
gions, are committing to meet the sustainability goals for 2025 and 2030. These goals
focus on forecasting a responsible value chain, which includes promoting biodiversity,
leading in the circular economy and driving change among their suppliers. Recent sus-
tainability reports from electricity distribution companies based in countries across Euro-
pean region, such as Spain, Belgium, Norway, Italy and United Kingdom, indicates that
these companies are implementing significant measures in order to integrate environmen-

tal and waste management techniques into their operations.

The first company in the world exclusively involved in electricity system opera-
tion and transport, based in Spain, has already taken significant actions to address its
environmental footprint. In 2022, 29.8 million euros earmarked for environmental issues,
681.2 km of lines marked with bird-saving devices in critical priority areas (70.1% of the
total), 197 ha of forest were restored and 92.7% of waste were recycled. In 2023, the
company made remarkable progress in the implementation of the Zero-Waste Model. Ad-
ditionally, the Spanish company has already set their objectives for the circular economy
roadmap for 2025 and 2030. More specifically, in 2025 their most valuable key targets
are: the elimination of waste to landfill to 0%, the implementation of the SF6 reuse pro-
cedure and the reduction of hazardous land waste with the strategy of zero accidents and
zero contaminated sites. By 2030 the company targets to accomplish 100% of SF6 waste
reduction and 100% reduction of soil waste in all their operating assets. In order all the
above objectives to be achieved, the company is focusing on establishing three crucial
elements for maintaining smooth operations, optimizing the functionality and ensuring

safety in their facilities and operational environment:

1. Preventive or corrective maintenance tasks: This includes servicing and in-

spections, parts replacement, oil renewal, etc.
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2. Facility improvements: This involves the replacement of obsolete switchgear,

the adaptation of accident prevention systems, etc.

3. Action protocol in the event of accidents: This covers the containment

measures used in the event of leaks or spills and the clean-up work can in-

volve a large amount of waste.

The company, in addition to its environmental objectives, has released some met-
rics & KPIs for year 2023. These include details on the waste management method was
applied to each type of waste (hazardous & non-hazardous). More specifically, regarding
the total hazardous waste generated by the company, 90.08% was recycled, 1.10% was
removed, 8.80% was regenerated and 0.02& was reused. For the non-hazardous waste,
76.46% of the total waste produced was recycled, 4.83% was removed, 1.51% was re-
generated and 17.20% was reused [Redeia, 2024].

Hazardous waste (2023) Non-hazardous waste (2023)

1.10%
0.02% op 4.83%
8.80% _ _ ° 1.515% 17.20%

>

Figure 4. 2 Waste management methods for hazardous and non-hazardous waste

= Reuse
= Recycling
= Regeneration

Removal (landfil)

90.08% 76.46%

Moreover, an electricity transmission company from Belgium has released its sus-
tainability report for the year 2023 and it is mentioned that the company has established
a waste management policy for its administrative and local technical sites (service cen-
ters), which includes contracts with authorized collectors who specialize in the collection,
transport and recycling of hazardous and non-hazardous waste. The company acquire as-
set management policies that prioritise avoidance/minimization of waste over waste treat-
ment (reuse, repair, refurbish). More specifically, regarding waste from its own opera-
tions and the upstream value chain, the company comply with all national and federal
laws and regulations. On its construction sites (value chain upstream), contractors must
apply the waste hierarchy and comply with the applicable environmental legislation to
remove and sort the waste generated on site and have it collected by a registered waste
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collector. Waste management companies provide information about the way our waste is
disposed of (and necessary certificates). On the other hand, regarding the waste produced
by the company's own sites (own operations), waste is removed by authorized waste man-
agement companies, which collect, transport and recycle hazardous and non-hazardous

waste.

Additionally, the Belgian company has released some metrics about their waste
management activities for 2023. More specifically, the company generated approximately
1,101 tonnes of waste, form which 726 tonnes waw hazardous waste and 376 tonnes was
non-hazardous waste. All the waste generated form company's activities was fully recy-
cled (recycling rate: 100%). It is worth to mention that all recovery and disposal opera-
tions happened offsite [Elia Group, 2024].

Furthermore, a company from Norway that represents the system operator of the
Norwegian power system that owns and operates the transmission grid and maintains the
balance between consumption and production, has published its annual and sustainability
report for 2023. The Norwegian company plays a key role in Norway’s transition to a
low-emission society and manages waste so that it does not harm people or the environ-
ment. The waste is appropriately managed and sorted so that materials can either be re-
used, recycled, or used for energy recovery. More specifically, the waste that company
produced, diverted from disposal for waste handled by a Norwegian waste collector, cov-
ering 727 metric tons of waste, for which the split was 53.9% recycled materials (392
mt), 37.6% recycled as energy (273 mt) and 8.7% disposed to landfill (62 mt) [Statnett,
2024].

In addition, the largest independent electricity transmission system operator in It-
aly & Europe is engaged in driving and enabling the ecological transition. Their goal is
to establish a new development model based on renewable sources and respect for the
environment. Sustainability, innovation and distinctive competencies drive all aspects of
the company’s operations, with the aim of providing the generations to come with a clean,

accessible and emission-free energy future.

Based on the sustainability analysis for the waste type and management method-
ology practiced by the company, the materials used in the electricity infrastructure are
recovered for reuse in operations, at the end of their normal life cycle. Only a residual
portion is sent to landfill, thereby impacting on the environment. The percentage of waste
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recovered amounted to 87% (91% in 2022 and 86% in 2021). More specifically, the total
waste that was produced in 2023 estimated to 7,672 tonnes. From the total waste gener-
ated, 6,685 tonnes (87%) were sent for recovery and 1,064 tonnes (13%) were sent for
disposal, of which 770 tonnes (72%) and 294 tonnes (28%) were hazardous and non-
hazardous waste respectively. The total non-hazardous special waste produced from ac-
tivities related to machinery, equipment, pylons, conductors, cables, packing was 2,971
tonnes, of which 2,728 tonnes (92%) was sent for recovery. Additionally, the total haz-
ardous special waste produced from activities related to machinery, equipment, pylons,
conductors, cables, oils, waste comprising material containing asbestos, was 4,701

tonnes, of which 3,956 tonnes (84%) was sent for recovery.

Last but not least, the English company, which is the United Kingdom’s largest
electricity distribution network and serves nearly 8 million customers in the East and
West Midlands, South West and Wales, is committed to achieve net-zero by 2050, ac-
cording to its latest sustainability report of 2023. The company, in its sustainability report,
sets environmental commitments for the next stage of its operation. More specifically, the
enterprise will reduce greenhouse gas (GHG) emissions 80% by 2030, 90% by 2040, and
to net zero by 2050 from a 1990 baseline. Moreover, the company aims to reduce SF6
emissions from its operations 50% by 2030 and reduce energy consumption in its offices
20% by 2030 from a 2019 baseline. Following these targets, the results are promising.
Notably, the company aims to eliminate all SF6 gas from all company’s assets by 2050
and to successfully operate a zero-carbon system by 2025 [National Grid, 2022].

The company undertakes various projects that produce waste, including cleaning
up former gas plant sites, retiring old fossil assets and leak-prone equipment, building out
grid infrastructure and supporting various renewable energy projects. Despite the ongoing
generation of waste, the company aims to continue ensuring that all waste is properly
disposed of with appropriate environmental permits and compliant with regulatory stand-
ards. The total waste generated in the period 2023/24 was 331,612 tonnes of which
311,504 tonnes (94%) and 20,108 tonnes (6%) was non-hazardous and hazardous waste
respectively. Also, from the total waste produced, 259,224 tonnes (78%) was reused and
recycled. In more detail, approximately 22% of hazardous waste is recycled and 45% is
sent to landfill. Moreover, approximately 10% of non-hazardous waste is sent to landfill,
with 43% been reused and 39% been recycled. For the remaining 8% the company uses
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disposal methods which include thermal processing and incineration [National Grid,
2024].

4.4 Detection of the Waste Generated by a Warehouse of Electricity
Transportation Company

The effective management of waste within warehouse facilities of electricity transporta-
tion accompany plays a pivotal role in upholding environmental sustainability and regu-
latory adherence. With a multitude of contributors, spanning from maintenance tasks on
plant machinery to the disposal of office and facility waste, a comprehensive strategy is
indispensable for handling diverse waste streams efficiently. From waste oils and hazard-
ous material spills to electronic waste and municipal refuse, each category presents
unique challenges that require specialized management techniques. Understanding these
distinct waste types and implementing appropriate disposal methods are imperative for
maintaining operational efficiency and mitigating environmental impact. Herein lies an
exploration of the primary waste streams identified within the specific warehouse envi-

ronments:

e Waste oils resulting from maintenance activities on the plant's equipment, in-
cluding production machinery and motorized equipment, are directed to an
authorized management entity engaged in an alternative lubricating oil waste

management system.

e Liquid waste spills originating from waste storage areas are gathered in con-
tainment basins and subsequently forwarded to a suitable hazardous waste
management facility.

e Used batteries extracted from the plant's motorized equipment, such as fork-
lifts, are collected by a designated management body contracted for an alter-

native battery management system.

e Used tires from the plant's motorized equipment, for instance, forklifts, are
retrieved by a management entity contracted for an alternative waste tire man-

agement system.

e Waste originating from Electronical and Electronic Equipment (WEEE),
found in office premises and electrical equipment, is gathered by a contracted
management body specialized in an alternative WEEE management system.
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Based on the European Waste Catalogue (EWC) as detailed in Section 3.4 of this

paper, the aforementioned wastes have been categorized and are presented in the table

below according to their respective types:

Table 4. 1 Categorization of Waste types produced by a warehouse

Waste code by EWC

Waste type by EWC

Waste category

13 02 05*

13 02 08*

1302 16*
16 01 03*

16 02 13*

16 02 14*

16 02 16*

16 10 01*

16 06 02*

16 06 03*

1502 02*

1501 10*

20 01 33*

20 01 34*

20 01 35*

Non-chlorinated engine, gearbox and
mineral-based lubricating oils

Other engine, transmission and lubricat-
ing oils

Synthetic engine, transmission and lubri-
cating oils

Tires at the end of their life cycle

Discarded equipment containing hazard-
ous components other than those men-
tioned in 16 02 09 to 16 02 12
Discarded equipment containing hazard-
ous components other than those men-
tioned in 16 02 09 to 16 02 13
Components removed from discarded
equipment other than those mentioned in
16 02 15

Aqueous liquid waste containing hazard-
ous substances

Ni/Cd batteries

Batteries containing mercury

Absorbent materials, filter materials (in-
cluding oil filters not otherwise speci-
fied), wiping cloths, protective clothing
contaminated with dangerous substances
Packaging containing residues of or con-
taminated with dangerous substances
Batteries & accumulators included in 16
06 01, 16 06 02 or 16 06 03 and mixed
batteries & accumulators containing these
batteries

Batteries & accumulators other than those
mentioned in 20 01 33

Discarded electrical and electronic equip-
ment other than those mentioned in

20 01 21 and 20 01 23 containing hazard-
ous components
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Waste Lubricating
Oils (WLO)

WLO

WLO

Tires

WEEE

WEEE

WEEE

A tank to collect any
effluent
Waste Electric Bat-
teries & Accumula-
tors (WEBA)
Waste batteries and
accumulators (WBA)
Contaminated materi-
als to deal with spills
of hazardous sub-
stances
Plastic or metal or
composite packaging

WEBA

WEBA

WEEE



5 Implementation

5.1 Registration Steps of Waste by the Responsible Teams in the ERP Sys-
tem

The subsequent chapters will delve into the examination of the registration steps involved

in waste management within a warehouse setting in an SAP ERP environment. Each of

these steps encompasses a distinct methodology that is consistently implemented by the

responsible team.

=
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1. Recording the creation of waste 2. Organisation of the collection of the
generated by each facility in the stored quantity of waste from each

4 Data entry of assignment
contracts to the

3. Classification Committees
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company facility to the responsible storage site collaborating collectors
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targets designated by the
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Figure 5. 1 High-Level Overview Workflow
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5.1.1 Recording the creation of waste generated by each facility in the company

- =

m
External input from Fill in one of the 6
another database Proposed fields/
options related to the
material

B ®
= Aek §

1. Entry of Work Order 2 Registration of Work Order 3. Confirmation of the Work Conformation of correct data entry
Completion by the relevant Order Completion by (external contractor)

team members the Audit Committee
ET7s/aHANA

EYY's/aHANA
EIYs/a HANA

Figure 5. 2 Workflow No.1

Following the utilization of the aforementioned visual aid (Flowchart No. 1), the primary
objective is to accurately record the generation of waste from each facility. This initiative
is undertaken alongside enhancements to Work Order management, ensuring a seamless
progression from task inception to finalization. Further clarification regarding the com-

ponents of each stage is elaborated upon in the subsequent paragraphs.

1. Entry of Work Order

The Work Order must be entered in SAP S/4AHANA, consider transferring the specific

data from another application already running to track Work Orders.
The external data input to be entered from the merged database includes:
e The data of the crew that will implement the job

e The identity/name of the installation (in the coding that will be done there
will be a provision to make it clear to the crews whether it is a licensed or

unlicensed installation)

e The type of work, among the following categories:

o0 work without the use of a spare part/production of waste

0 work with the use of a spare part / waste production
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o maintenance of Fluorinated Greenhouse Gases? (FGASES) equipment

o maintenance of Sulfur hexafluoride® (SFs) equipment

e The consumable, spare part or equipment to be received by the workshop and

the identity of the storage area from which it will receive it.

e Instruction on whether to leave the material produced at the facility or to
transfer it to a Warehouse and to which Warehouse in case it is identified by

the crew as reusable or unusable.
e The key number (F-GASES & ODS platform code) of the machine in case
the work involves FGASES & SFs.

2. Registration of Work Order Completion by the relevant team members

After completing the required work, the maintenance teams will access SAP S/AHANA
to automatically log their code, the date, and the installation or serial number of the ma-

chine.
At this stage, the maintenance teams should choose to select one of the following
6 cases:
I.  The material produced has been identified as scrap material but could not be
weighed
ii. The material is suitable for reuse, so it will be recorded in pieces in the cate-

gory designated for materials destined for reuse

2 Fluorinated greenhouse gases play a significant role in exacerbating global warming, with their warming
potential often thousands of times greater than that of carbon dioxide (CO.). Initially introduced as substi-
tutes for ozone-depleting substances (ODS), F-gases were discovered to effectively trap heat from the sun,
accelerating the planet's warming process. These gases, which are anthropogenic in origin, encompass hy-
drofluorocarbons, perfluorocarbons, sulfur hexafluoride, and other fluorinated compounds. Among these,
hydrofluorocarbons (HFCs) account for approximately 90% of all F-gases. [European Commission, 2024]
3 Sulfur hexafluoride is a synthetic fluorinated compound with an extremely stable molecular structure.
Because of its unique dielectric properties, electric utilities rely heavily on SF6 in electric power systems
for voltage electrical insulation, current interruption, and arc quenching in the transmission and distribution
of electricity. Yet, it is also the most potent greenhouse gas known to-date. [US EPA, 2024]
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Vi.

The material cannot be identified by the maintenance team, so it will be rec-
orded in pieces in the category identified for these materials

The materials will be received by the external contractor responsible for the
activities, pending declaration of quantities, waste categories, and their ap-
propriate disposal methods. This category will be selected to indicate that it
is pending, enabling the supervising agency to monitor the completion of
data entry

The resulting material is classified as waste, weighed, and either retained
within the facility or, if deemed non-hazardous and transferable, it is relo-
cated to the warehouse

The assignment relates to the maintenance of a machine containing F-

GASES or SF¢ or a leak detection system

These records will form the dataset for submitting declarations to the FGASES

Platform [Ministry of Environment and Energy of Greece, 2024], including ODS catego-

rized by equipment serial number.

3. Confirmation of the Work Order Completion by the Audit Committee

With the data recorded by the maintenance team through SAP S/4AHANA, the Audit Com-

mittee, utilizing the software, will be able to:

Conduct mass or individual checks to verify the execution of work orders and
confirm the completion of data entry. Additionally, they will have the capa-

bility to identify orders that have not yet been confirmed.

Monitor the "pending” orders recorded under cases 1, 3, 4. This oversight will

enable efficient tracking and management of pending tasks.

The impact of these steps is evident in the monitoring of waste quantities stored

per facility to streamline waste collection planning. The application may incorporate
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guidelines for setting maximum storage limits for each type of waste at each facility. If

these quantities exceed the specified limits, an alert is generated.

5.1.2 Organisation of the collection of the stored quantity of waste from each facility to
the responsible storage site

In this process, within SAP S/AHANA, predefined thresholds will be set for the quantity
of waste per category and materials earmarked for inspection. Upon surpassing these
thresholds, it becomes incumbent upon the Administration to commence the transfer pro-
cedure from the pertinent facility to the responsible storage facilities, using the SAP
EWM. In accordance with software specifications, an alarm will be activated upon reach-
ing these predefined thresholds, thereby indicating the necessity for immediate action.

The detailed flowchart illustrating this process is presented below:

= .

1. Waste Collection

et 2. Dispatch of the Collection Order 3. Waste Collection & Transportation 4. Recording of Waste Collection
Order creation in to the proper transporter by the transporter Order information in SAP S/AHANA
SAP S/AHANA E ewm ETYs/4 HANA
ET7's/4HANA

Sl 5

) . 5. Notification of completion of
6. Confirmation of receipt information entry to

of waste products at SAP EWM
EV ewm

the warehouse supervisor

Figure 5. 3 Workflow No.2

1. Waste Collection Order creation in SAP S/AHANA

In this step, the creation of the Waste Collection Order is underway from SAP S/AHANA.

2. Dispatch of a Waste Collection Order to the proper transporter
Following the creation of the specific Order, a notification is dispatched to the designated

transporter. These notifications correspond to three distinct types of waste “collections”,
which are indicated in the initial cases of the preceding flowchart:
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Collection of waste materials from a licensed facility (Case V) or the scrap
material has emerged from a licensed facility but has not been weighed (Case
).

In this collection type, the transporter receives the Order in which is stated:

e The identity/name of the receiving facility
e The category of material

e The EWC code of the waste

e The quantity pieces/weight of the material

e Warehouse details where the delivery will be made

Collection of waste materials from an unlicensed facility entails transporting
the material as material for inspection rather than as waste.

In this collection type, the transporter receives the Order in which is stated:

e The identity/name of the receiving facility
e The category of material
e The quantity pieces/weight of the material

e Warehouse details where the delivery will be made

Collection for material that has been classified as usable (Case Il) or has not
been characterized by the workshop and is either in a licensed or unlicensed fa-
cility (Case IlI).

In this collection type, the transporter receives the Order in which is stated:

e The identity/name of the receiving facility
e The category of material

e The quantity pieces of the material
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e Warehouse details where the delivery will be made

3. Waste Collection & Transportation by the transporter

In this step, subsequent to the dispatch of a Waste Collection Order, the designated trans-
porter retrieves the waste material from the facility and conveys it to the specified, by the
Collection Order, warehouse in SAP EWM.

4. Recording of Waste Collection Order information in SAP S/AHANA

Following the collection process, the driver accesses SAP S/AAHANA and initiates the
Collection Order, correlating it with their unique identification code. This code, specific
to the transporter’s data, is provided to them beforehand. Subsequently, the information
pertaining to the command for each case is automatically recorded, as previously de-
scribed. If the entered data does not align with the actual data, the transporter is required
to make the necessary adjustments within SAP S/4AHANA.

5. Notification of completion of information entry to the warehouse supervisor

Upon completion of the transporter’s registration into the SAP EWM, a notification will
be sent to the respective warehouse supervisor to confirm the information entry of the

waste material.
By entering the above data, we have information regarding:
e the transportation of waste generated per facility
e the transportation of materials that are either usable or require evaluation
e the transportation of waste from unlicensed facilities, which cannot be de-

clared in the Electronic Waste Registry (EWR)

6. Confirmation of receipt of waste products at SAP EWM

Within the SAP EWM system, the last step confirms that incoming waste products have

been received and documented, ensuring accurate inventory management.
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5.1.3 Classification Committee
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Figure 5. 4 Workflow No.3

1. Identification of received materials as waste products

When the materials are collected in the warehouse, then the Classification Committees
characterize the materials produced by the maintenance and replacement operations to
classify them into 2 categories, with the assistance of SAP EWM:

e Reusable products or

e Waste for disposal

2. The warehouse managers send the quantities of waste to be disposed of to the

Tendering Department

This identification process serves to reduce errors in distinguishing between materials
designated for disposal as waste and those suitable for reuse as usable products. Further-
more, it aids in determining the quantity slated for disposal, thereby facilitating the or-
ganization of recycling efforts by companies and enabling forecasts regarding the volume
of waste expected within a specific timeframe. As a result, with the assistance of SAP
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EWM, Classification Committees wield the authority to categorize materials as waste for

disposal or as candidates for reuse, thus integrating them back into operational processes.

5.1.4 Data entry of assignment contracts to the collaborating collectors
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1. Signing contracts with 2. Data entry for each EWC code for
Waste Collection partners the hazardous & non-hazardous waste
& FGASES/SF6 in SAP S/4AHANA
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Figure 5. 5 Workflow No.4

1. Signing contracts with Waste Collection partners

Expanding upon the flowchart provided above, the Department responsible for tendering
evaluates the EWC codes and associated waste quantities for each project. Once the ten-
dering process concludes and contracts are signed by the designated collectors, they are
then transferred to the Department tasked with entering contract data into the ERP system.

2. Data entry for each EWC code for the hazardous & non-hazardous waste &

FGASES/SF6 in SAP S/AHANA

In this phase, the user accountable for data entry, which process is facilitated within the
SAP S/AHANA, must provide the following inputs for each EWC code pertaining to haz-

ardous waste, non-hazardous waste, and F-GASES/SF6:

e For hazardous waste:

1. Contract number with the PTO & its expiration date
2. The code of the company managing the waste disposal

3. Code of the company managing the waste disposal from the EWR
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4. Quantity of waste to be disposed of in case it is based on a tender for
a specific quantity. If it is a framework contract, there will be an-
other provision.

5. Expiration date of the responsible Collector's license

6. Collector's ADR4 driver names & licenses

7. Expiration date of Collector's Intermediary Liability Policy

8. Fee/unit of weight or Charge/unit of weight (optional)

e For non-hazardous waste:

1. Contract number with the PTO & its expiration date

2. The code of the company managing the waste disposal

3. Code of the company managing the waste disposal from the EWR

4. Quantity of waste to be disposed of (in case it is based on a tender for a
specific quantity)

5. Expiration date of Collector's Intermediary Liability Policy

6. Fee/unit of weight or Charge/unit of weight (optional)

e For the maintenance of a machine containing F-GASES or SF6:

1. Maintenance license number & certification authority
2. Taxpayer Identification Number (TIN) & name of the responsible or-
ganisation for the maintenance activities

3. Maintenance license number

4 ADR is a French acronym for the “European Agreement concerning the International Carriage of Dan-
gerous Goods by Road” which is a treaty signed in Geneva dating back to 1957 from the United Nations
regarding the governance of international transport of Dangerous Goods. The original French name for this
Treaty was: “Accord européen relatif au transport international des marchandises Dangereuses par
Route” [UNECE, 2023]
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4. Authentication Key number (related to the TIN, for tax purposes), type
of controlled substance added, type of controlled substance recovered

per equipment
5.1.5 Entry of a Collection Order to Waste Management companies
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Figure 5. 6 Workflow No.5

Following the utilization of the aforementioned flowchart, the primary objective is to no-
tify the companies responsible for the collection and disposal of the waste.

1. Registration of Waste companies in SAP S/4HANA

This action was undertaken during the initial stages of customizing and installing SAP
S/IAHANA. Specifically, the designated user registered all companies/organizations in-
volved in waste disposal and management. These entities have entered into contracts with

the waste-producing company, signifying their agreement to handle waste disposal.

2. Delivery coordinator records the Collection Order in SAP EWM

At this juncture, the waste management companies designated for each waste code have
been meticulously recorded within the SAP EWM. It is now incumbent upon the delivery
coordinator to promptly transmit the Order to the associated entities.

3. The coordinator forwards the Collection Order to the associated companies to

begin the collection process

The procedure for this step will be as follows:
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The company will receive the Collection Order (with a specific code) for the load-

ing in which it will be declared:

e The EWC code of the waste
e The quantity/weight of the waste
e The identity of the facility where the waste is temporarily stored
5.1.6 Submission of the Waste Identification Form (WIF) & Hazardous Waste Identifi-

cation Form (HWIF) after the completion of the collection of waste material by
the responsible waste management companies
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from the associated contractor SAP EWM & SAP S/AHANA by selecting the information regarding the waste being
Collection Order code generated by the company collected into SAP S/4AHANA
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Figure 5. 7 Workflow No.6

Following the depiction of the related flowchart, the main objective of this step is
to systematically submit information concerning the disposal of waste, by the contractor,
immediately after the collection of this type of material.

1. Waste collection & management form the associated contractor

In this action, the contractor (associate collector) has already collected the waste and
transferred it to the designated area where the disposal procedure takes place.
2. The contractor will gain access to SAP EWM & SAP S/4HANA by selecting

the Collection Order code generated by the company

Immediately after loading and transporting the waste material, the contractor accesses the
SAP EWM using the unique Collection Order code generated by the company during the
collection process. Automatically, the following data pertaining to the waste material are
recorded in the system:
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e The EWR code and its details

e Field where the drivers and ADRs declared will be shown to select who made
the collection. If a new driver has been used there will be a field to fill in his
name and ADR license number and expiration date (in case, he/she is carrying

hazardous waste)

e The facility from which the collection is being made

3. The contractor enters the relevant information regarding the waste being col-

lected into SAP S/AHANA

At this point, the contractor should enter the following data regarding the waste:
e The quantity/weight of waste without packaging

e The details (EWR code) of the facility where the waste was delivered (sec-

ondary storage depot of the collector or recycling facility)
e \Waste management operation (R & D)

These records will constitute the data for the submission of the report of each

warehouse to the EWR.

5.1.7 Processing of the SAP S/AHANA data to verify the accurate implementation of the
assignments determined by the company to the cooperating collectors
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by contractors contractual obligations have been SAP S/IAHANA to trigger the submission to the EWR
fulfilled by the contractors alarm when relevant ET7S/4 HANA
EXY'S/4HANA infringements are detected
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Figure 5. 8 Workflow No.7

The primary objective of the above stage is to confirm the accuracy of data entry
conducted within SAP S/AAHNA Dby the designated contractor responsible for waste ma-

terial collection. Additionally, it emphasizes the system's capability to issue notifications
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& alarms in case any oversight of predetermined waste management rules occur. Lastly,
it underscores the ERP system's proficiency in generating relevant reports for uploading
to the EWR, inclusive of all necessary specific information.

1. Execution of waste collections by contractors

During this phase, the designated collector, typically a contracted entity, has completed
the collection of waste from the company's warehouse and subsequently transported the
material to their own premises for disposal.

2. The company verifies if the contractors have fulfilled the contractual obliga-

tions

Throughout the waste collection process conducted by contractors, SAP S/AAHANA em-
powers the company to verify the fulfillment of contractual obligations, ensuring adher-
ence to specified standards and requirements.

3. Aprovision is made in SAP S/AHANA to trigger the alarm when relevant in-

fringements are detected

The System will include provisions to trigger alarms in the following scenarios:

e Utilization of a driver with an expired ADR certification, especially relevant

in hazardous waste management.
e Expiration of the liability insurance policy.
e Expiration of the collection license for the partner collector.
e Delivery to afacility or final recipient (such as secondary storage or recycling

company) not registered in the EWR.

4. Reports extraction for their submission to the EWR

The system will facilitate report exports for submission to the EWR, encompassing the

following data per installation, per year, and per EWC code:

¢ Quantity of waste managed or still stored at the facility
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e Timestamp of waste generation (current year or preceding period)
e Nature of recovery or storage management activity

e Details of the management company and collection company

e Information regarding the final recipient facility

The described process provides several advantages. Initially, it guarantees data
precision by validating the input of waste material collection details, thus decreasing in-
accuracies in waste management procedures. Secondly, it enables proactive adherence
monitoring by highlighting any deviations from preset regulations, minimizing the possi-
bility of regulatory breaches. Thirdly, the notification and alarm system promptly notifies
relevant personnel of any oversights, allowing for immediate corrective actions and pre-
venting potential issues from escalating. Lastly, the ERP system's streamlined reporting
capabilities simplify the compilation and submission of comprehensive reports to the
EWR, facilitating compliance with regulatory standards and ensuring transparency in
waste management operations.

5.1.8 Export of data from SAP S/4AHANA for preparing declarations to the F-GASES &
ODS platform

N
- >

V| h
1. Reports eftraction from 2. Reports submission to the F-GASES
SAP S/AHANA & ODS platform

EYY'S/4HANA

Figure 5. 9 Workflow No.8
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1. Reports extraction from SAP S/AHANA
2. Inthis step, the ERP system generates the reports that are intended for submission
to the F-GASES & ODS® platform by the company. These reports will contain spe-

cific data for each machine key number per year, including:

Maintenance date

e Type and frequency of operations
e Detection of leaks

e VAT, company name, license number, certificate number, and certifying
agency of the maintainer

e \Work Order number

3. Reports submission to the F-GASES & ODS platform

During this phase, the reports are submitted to the F-GASES & ODS platform, marking
a pivotal step in the process. The primary objective is not only to transmit the reports but
also to meticulously fill out all essential fields within the platform. This meticulous ap-
proach ensures the accurate and comprehensive submission of data, aligning with regula-

tory standards and organizational protocols.

The advantage of producing these reports via SAP S/4AHANA is the optimization
of the declaration submission process to the F-GASES & ODS platform for the company.
By centralizing all pertinent data within the ERP system, the company can ensure preci-
sion, thoroughness, and punctuality in their submissions. This not only aids in adhering
to regulatory obligations but also enhances operational efficiency by diminishing manual

labor and potential inaccuracies linked to manual data input. Furthermore, the availability

®> The F-GASES & ODS database serves as a centralized electronic platform for collecting and organizing
information and data related to the utilization of fluorinated greenhouse gases and ozone-depleting sub-
stances. In addition to storing legal, economic, and scientific information and documents, it also records
annual submissions from facility owners using controlled substances, as well as from professionals and
businesses involved in the import, trade, distribution, and management of these substances.
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of comprehensive reports supports improved monitoring, analysis, and decision-making
concerning machine maintenance and compliance with environmental regulations.
5.1.9 Retrieving outcomes from SAP S/4AHANA pertaining to the evaluation indicators
and targets designated by the company
The extraction of results from SAP S/AHANA involves retrieving data related to
the evaluation indicators and targets chosen by the company. This process entails access-
ing pertinent information within the System, focusing on the specific metrics and objec-
tives set by the company for evaluation purposes. By extracting these results, the com-
pany gains insights into its performance against predetermined benchmarks, facilitating

informed decision-making and strategic planning.

5.1.10 Analysis of projected waste production in the SAP S/4AHANA environment
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Figure 5. 10 Workflow No.9
Analyzing projected waste production not only aids in maintaining regulatory
compliance but also enhances operational efficiency and supports sustainable practices.
This process involves a meticulous five-step approach to ensure accurate forecasting and
strategic decision-making. The following steps detail the comprehensive methodology for
analyzing projected waste production, from data submission and extraction to historical

analysis and strategic forecasting.

1. Data submission into SAP S/AHANA regarding the quantity of waste generated

and handed to the contractor for disposal
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The first step involves accurately recording the amount of waste that has been transferred
by the contractor. This data entry is crucial as it serves as the foundational dataset for the
entire analysis. Ensuring precision at this stage helps in maintaining data integrity and
reliability throughout the subsequent steps.

2. Data submission into SAP S/4AHANA regarding the actual quantity of waste

were disposed of by the contractor

In this step, the contractor provides detailed records of the waste they have finally dis-
posed of. This information is crucial for comparing the initial waste quantities with the
disposed amounts, enabling a thorough tracking of waste management practices. It helps
in identifying any discrepancies or inefficiencies in the disposal process.

3. Data gathering regarding the production and disposal history of the waste gen-

erated

Once the data on waste handover and disposal is submitted, the next step is to extract
historical data on waste production and disposal. This historical data provides a compre-
hensive view of past waste management activities, highlighting trends, patterns, and any

irregularities in waste production and disposal practices over time.

4. Analyze the historical data & setting up forecasting models

With the historical data in hand, the analysis phase takes place, utilizing specific SAP
functionalities and tools. This involves using statistical methods and modeling techniques
to analyze past data and project future waste production and disposal rates. Moreover, the
company could develop & schedule custom annually and monthly reports in order moni-
tor waste generation trends and review projected waste against actual waste generated.
Additionally, the company could set up a variety of key performance indicators (KPIs)
and dashboards in order to track waste generation and projection accuracy. The main goal
is to identify patterns that can predict the future waste generation and measure the effi-
ciency of its disposal.
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5. Examine the waste forecasting reports & KPIs to enable strategic decision-

making

The final step involves leveraging the insights gained from the waste production forecasts
to inform strategic decision-making. By understanding potential future waste trends, com-
panies can develop more effective waste management strategies, optimize resource allo-
cation, and implement proactive measures to reduce waste generation. This step is critical
for aligning waste management practices with sustainability goals and regulatory require-

ments.

By following this structured approach analyzing projected waste production en-
sures that companies can effectively manage their waste, enhance sustainability, and
make informed decisions that support long-term environmental and operational goals,
based on a forecasting analysis and reports in SAP Waste Management. As a result, this

could lead to a more efficient waste handling and better environmental compliance.
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6 Recommendations & Conclusion

6.1 Recommendations

In order to further impulse the discerning and challenging management activities of
waste, in a warehouse environment, the following two recommendations are proposed.
Firstly, the proper extraction and the appropriate use of ERP metrics and Key Perfor-
mance Indicators (KPIs) related for environmental policies and waste management could
be very crucial to businesses, such as PTOs, by offering a structured pathway to more
successful achievements. More specifically, these KPIs and metrics enable businesses to
monitor progress toward strategic objectives and milestones, foster transparency and fa-
cilitate alignment at all different scales of the waste management process. As a result,
these indicators further assist organizations to maintain focus on their prime goals, confi-
dently formulate evidence-based strategic decisions and adapt to rapid market conditions
by pivoting leveraging unexpected progress. Secondly, the adoption of the new extension
of SAP Waste Management module, SAP Green Token, could assist supply chain net-
works in achieving traceability and transparency, regarding the waste management activ-
ities. Especially for the management of the waste activites of PTOs, SAP Green Token
could enhance their performance by leveraging innovative solutions of managing and

tracking waste, thereby aligning with sustainability goals and regulatory requirements.

6.1.1 ERP System Metrics & KPIs for Environmental Policy & Waste Management

The ensuing chapter sheds light on an extensive collection of metrics, crafted to establish
a benchmark and the requisite assessment methodologies necessary for a structured ap-
proach. The paramount objective of these Key Performance Indicators is to foster coher-
ent execution and unvarying evaluation across a broad spectrum of environmental as-
pects, particularly emphasizing waste management. The systematic assessment and mon-
itoring indicators, amplified with relevant and detailed content analysis, are predestined
to have an influential role in molding environmental policy formulation while concur-
rently acting as a fundamental touchstone during the derivation of ideal principles for
their deployment. Additionally, it is essential to highlight some of the proposed indicators
for this undertaking, encompassing principles such as environmental permitting adher-
ence, compliance with the Electronic Waste Register, and the tactical management of

alternative waste streams.
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This refers to a collection of indicators that establish a general guideline and pin-
point the assessment methodologies required. There is a need to disperse this assessment
process throughout all actions concerning environmental waste management elements.
Further enriched with relevant and thorough analysis, these diverse indicators for moni-
toring and evaluation become a crucial component in steering the creation of environ-
mental policy. It also serves as a fundamental source when identifying the best practices
for implementing these indicators. Specifically, the proposed indicators for this purpose

include:

e A measure of environmental permitting compliance for projects and activities

e A measure of adherence to permitting legislation

e A measure of compliance with Electronic Waste Register (EWR) requirements

e A measure of adherence to the Electronic Waste Management System (EWMS)
requirements

e A measure of Public Procurement's adherence to EMPA requirements

e A performance measure of alternative management goals in selected waste
streams such as:

0 Paper packaging

Plastic packaging

Glass packaging

Plastic bottles

Batteries

O O O O O

White goods and Electronic Infrastructure Devices
0 Waste tires
e An index to track the withdrawal and alternative recovery of historically stored
waste (such as scrap metal and used spare parts).
e A measure to compare the management of waste quantities generated in the facil-
ities.
e Key performance indicators regarding SF6 emissions:
0 Measure SF6 leaks as a percentage of total installed
0 Measure the SF6 amount
0 Detect the SF6 emissions
e KPIs related to reduction of emissions thanks to circular economy projects and

green transformers:
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0 % of recycled waste

0 Number of green transformers sold

o0 Energy and fuel consumption
6.1.2 SAP Green Token: A Novel Mass Balance Method for Sustainability, Traceability

& Transparency

In today's landscape, the absence of visibility beyond tier-1 supply chain partners, along-
side the ongoing mixing and processing of raw materials and components, poses a chal-
lenge for organizations and supply chain networks in achieving traceability and transpar-
ency. Consequently, this impedes the acceleration of this transition. To credibly assert the
utilization of bio-based and circular materials in products, there is a critical need for a
method to effectively track and trace verified raw materials throughout the supply chain

life cycle, from processing through to sale to downstream members [SAP, 2023].

This practical implementation of SAP Green Token, a Software-as-a-Service
(SaaS) solution designed for mass balance material traceability and transparency. This
platform specifically targets commingled and difficult-to-trace raw materials. Leveraging
innovative principles such as mass balance, tokenization, and blockchain for chain of
custody, SAP Green Token demonstrates its efficacy through an extensive pilot program.
This pilot focuses on certified sustainable chemicals and products sourced from bio-cir-
cular waste streams, which are indistinguishable from conventionally produced materials
and utilized throughout the supply chain. The adoption of bio-circular and certified sus-
tainable materials in place of conventional ones offers the potential to redirect waste cur-

rently not reintegrated into the supply chain [SAP, 2023].

6.1.3 Main key findings & outcomes from SAP Green Token pilot

The transformative impact of SAP Green Token is explored through a rigorous pilot pro-
gram. The key findings and outcomes of this pilot are mainly focused in the pivotal role
of SAP Green Token fostering a sustainable and responsible approach to material sourc-
ing and utilization, ultimately driving positive environmental impact and industry-wide

transformation of the organizations.

The primary key findings and outcomes derived from the SAP Green Token pilot
phase encompassed:

1. Related to mass balance accounting
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SAP Green Token allowed for managing certifications, credits transfer, and other
relevant information from a single place in a continuous, automated and secure
manner.

The solution provided validated enforcement of mass balance material accounting
rules across the supply chain ensuring claims of sustainable deliveries/inventory
were directly tied to tokenized volumes preventing “double counting”.

It ensured that ownership and delivery of sustainable volumes were maintained in
an unbroken chain of custody which can be audited at each level of the supply
chain.

SAP Green Token provided automatic generation and transferring of ISCC decla-
rationse.

The combination of mass balance accounting and tokenization in the solution is

considered a unique value proposition.

2. Related to Traceability and Transparency

SAP Green Token successfully handled a complex supply chain network with 7
participating business partners , 9 active sites and multi-sites (online members),
and 18 representative tier-1 business partners (offline members).

The flexibility of working with online and offline members was proven.

The solution proved to be agnostic & run on any operating system to handling
different types of materials throughout the supply chain network.

The solution ensures reliable supply chain transparency information that can be
leveraged to ensure sustainable sourcing; and shared with various types of stake-
holders.

With the chain of custody backed by the blockchain ledger, the stakeholders had
a high degree of confidence and trust in the resulting chain of custody.

The SAP Green Token platform offered a secure way to pass ESG information
along the supply chain so that only the business partners who needed to see the
information had a clear text copy.

& The ISCC system documents are the guidelines and instructions for certifications and their requirements.
They define the obligations and responsibilities that companies and certification bodies must abide by and
lay out the different types of certifications that can be applied for. [ISCC, 2024]
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e SAP Green Token leverages a ‘green’ blockchain that uses a similar amount of
energy compared to other standard cloud databases and runs on 93 percent of en-

ergy from green sources with a low carbon impact.

Once more, the above findings underscore SAP Green Token's capacity to expe-
dite the extended chemical industry's transition towards circular and certified sustainable
material utilization. Its status as an industry-agnostic solution signifies its potential ap-
plicability across a multitude of raw material supply chains. By leveraging the principles
of tokenization, mass balance, and blockchain for chain of custody, SAP Green Token
enables visibility of any one or more unique attributes (such as origin, circularity status
or carbon footprint) of materials across global supply chain networks.

6.1.4 The two main approaches of SAP Green Token
There are two primary approaches utilized by SAP Green Token:

1. Stand-alone internal solution

SAP Green Token can function independently as an internal solution for manag-
ing mass balance accounting and certification compliance. It tracks sustainability data
and credits across raw materials, components, and products. The inbound, processing
and/or conversion, and outbound flow and data are captured through CSV upload or in-
tegration with the ERP system. Tier-1 supply chain partners can be represented in SAP
Green Token even if they do not actively participate on the platform (offline members)
[SAP, 2023].

2. End-to-End Sustainability & Traceability solution

SAP Green Token can be leveraged as an end-to-end traceability and transparency
solution for sustainability data across the supply chain network. By harnessing the power
of this solution, organizations can seamlessly track and manage sustainability-related in-
formation at every stage of the supply chain journey. This robust platform empowers
stakeholders with real-time insights into the origin, composition, and environmental im-

pact of materials, fostering greater accountability and informed decision-making.

Overall, SAP Green Token provides full visibility at all stages on a mass balance
level of the materials and their sustainability attributes related to their origin as well as
the supply chain flow [SAP, 2023].
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6.2 Conclusion

Organizations are progressively realizing the importance of information systems to sup-
port sustainability initiatives. They are trying to design and reengineering their business
processes so that their activities, products and services are environmentally friendly. In
this case, organizations need to align between their sustainability strategy and information
system strategy. PTOs are focusing on effective practices, adopting related techniques
and establishing information systems that provide comprehensive solutions for waste
management. By aligning waste management with their broader sustainability goals,
these companies promote a holistic approach to environmental sustainability resource ef-
ficiency. In more detail, waste management in electricity distribution is a necessary prac-
tice for the protection of the environment and the sustainable development of energy com-
panies. However, organizations still have problems in collecting, integrating and report-
ing sustainability information. The lack of integration affects the sustainability produc-
tivity and effectiveness. To solve this problem, the organizations need to have an inte-
grated information system, such as SAP ERP system. Therefore, SAP ERP system poten-
tially becomes a focus area in solving the integration issues for organizations through
sustainability practices.

SAP ERP systems assist an organization to provide complete sustainability data
and integrate all sustainability information and processes across business functions. It can
be seen as a holistic, integrative and complete solution for industry to solve sustainability
business issues. The implementation of SAP Waste Management (WM) and Extended
Warehouse Management (EWM) systems offers integrated solutions for waste manage-
ment. The first one integrates all waste management processes into a single system,
providing tools for monitoring and generating compliance reports, while the second one
offers solutions for efficient waste management in warehouses, facilitating optimal ma-

terial flow and inventory management.

By implementing these SAP ERP systems, these companies can automate pro-
cesses, reduce human error, increase efficiency, ensure compliance with regulations, ex-
port related reports and measure useful KPIs to leverage strategy decisions and save re-
sources by optimizing their use and reducing operating costs.

63



7 Bibliography

The White House (2021) Whitehouse President Biden Invites 40 World Leaders to
Leaders Summit on Climate. The White House. Washington, DC, USA. Available at:
President Biden Invites 40 World Leaders to Leaders Summit on Climate | The White
House [Accessed 3 September 2023]

Yu, W., Chavez, R., Feng, M. & Wiengarten, F. (2014) Integrated green supply chain
management and operational performance, Supply Chain Management, Vol. 19, pp.
683-696. Available at: Integrated green supply chain management and operational
performance [Accessed 3 September 2023]

Acar, M.F., Zaim, S., Isik, M. & Calisir, F. (2017) Relationships among ERP, supply
chain orientation and operational performance: an analysis of structural equation
modeling. Benchmarking, VVol. 24, pp. 1291-1308. Available at: Relationships among
ERP, supply chain orientation and operational performance: An analysis of structural
equation modeling [Accessed 3 September 2023]

Tarigan, Z.J.H., Siagian, H. & Jie, F. (2021) Impact of Enhanced Enterprise Resource
Planning (ERP) on Firm Performance through Green Supply Chain Management.
Sustainability, Vol. 13, pp. 4358. Available at: Impact of Enhanced Enterprise Re-
source Planning (ERP) on Firm Performance through Green Supply Chain Manage-
ment [Accessed 3 September 2023]

Salam, M.A. (2017) The mediating role of supply chain collaboration on the relation-
ship between technology, trust and operational performance: an empirical investiga-
tion, Vol. 24, pp. 298-317. Available at: The mediating role of supply chain collab-
oration on the relationship between technology, trust and operational performance:
An empirical investigation [Accessed 3 September 2023]

Zhang, Q., Zhao, Q. & Zhao, X. (2019) Manufacturer’s product choice in the pres-
ence of environment-conscious consumers: Brown product or green product. Int. J.
Prod. Res., China, Vol. 57, pp. 7423-7438. Available at: Manufacturer's product
choice in the presence of environment-conscious consumers: brown product or green
product: International Journal of Production Research [Accessed 3 September 2023]

Michael Bamidele Fakoya, Huibrecht Margaretha van der Poll (2013) Integrating
ERP and MFCA systems for improved waste-reduction decisions in a brewery in
South Africa, Journal of Cleaner Production Vol. 40, pp. 136-140. Available at:
https://doi.org/10.1016/j.jclepro.2012.09.013 [Accessed 15 October 2023]

Samaranayakea, P., Laosirihongthongb, T., Chanc, F.T.S. (2011). Integration of
manufacturing and distribution networks in a global car company-network models
and numerical simulation. International Journal of Production Research 49 (11),
3127-3149 [Accessed 15 October 2023]

Chetty, S. (1996). The case study method for research in small-and medium-sized
firms. International Small Business Journal 15 (1), 73-85. [Accessed 15 October
2023]

Samaranayakea, P. (2009). Business process integration, automation, and optimiza-
tion in ERP: integrated approach using enhanced process models. Business Process
Management Journal 15 (4), 504-526. [Accessed 15 October 2023]

Lynch, A.L., Zhu, X. (2011). Electronic conferencing: understanding computer-me-
diated systems. Journal of Corporate Accounting & Finance 22 (4), 77-81. [Accessed
15 October 2023]

64


https://www.whitehouse.gov/briefing-room/statements-releases/2021/03/26/president-biden-invites-40-world-leaders-to-leaders-summit-on-climate/
https://www.whitehouse.gov/briefing-room/statements-releases/2021/03/26/president-biden-invites-40-world-leaders-to-leaders-summit-on-climate/
https://www.emerald.com/insight/content/doi/10.1108/SCM-07-2013-0225/full/html
https://www.emerald.com/insight/content/doi/10.1108/SCM-07-2013-0225/full/html
https://www.emerald.com/insight/content/doi/10.1108/BIJ-11-2015-0116/full/html
https://www.emerald.com/insight/content/doi/10.1108/BIJ-11-2015-0116/full/html
https://www.emerald.com/insight/content/doi/10.1108/BIJ-11-2015-0116/full/html
https://www.semanticscholar.org/paper/Impact-of-Enhanced-Enterprise-Resource-Planning-on-Tarigan-Siagian/b53cf094a3976ac5ddfae4be4724d861cbabe93d
https://www.semanticscholar.org/paper/Impact-of-Enhanced-Enterprise-Resource-Planning-on-Tarigan-Siagian/b53cf094a3976ac5ddfae4be4724d861cbabe93d
https://www.semanticscholar.org/paper/Impact-of-Enhanced-Enterprise-Resource-Planning-on-Tarigan-Siagian/b53cf094a3976ac5ddfae4be4724d861cbabe93d
https://www.emerald.com/insight/content/doi/10.1108/BIJ-07-2015-0075/full/html#:~:text=The%20study%20findings%20suggest%20that%20through%20an%20ongoing,supply%20chain%20collaboration%20and%20on%20firms%E2%80%99%20operational%20performances.
https://www.emerald.com/insight/content/doi/10.1108/BIJ-07-2015-0075/full/html#:~:text=The%20study%20findings%20suggest%20that%20through%20an%20ongoing,supply%20chain%20collaboration%20and%20on%20firms%E2%80%99%20operational%20performances.
https://www.emerald.com/insight/content/doi/10.1108/BIJ-07-2015-0075/full/html#:~:text=The%20study%20findings%20suggest%20that%20through%20an%20ongoing,supply%20chain%20collaboration%20and%20on%20firms%E2%80%99%20operational%20performances.
https://www.tandfonline.com/doi/abs/10.1080/00207543.2019.1624853?journalCode=tprs20
https://www.tandfonline.com/doi/abs/10.1080/00207543.2019.1624853?journalCode=tprs20
https://www.tandfonline.com/doi/abs/10.1080/00207543.2019.1624853?journalCode=tprs20
https://doi.org/10.1016/j.jclepro.2012.09.013

Oikokiklios.gr. Evpawnaixoc Kotaloyog Amofintewv E.K.A. — Heprypopn amofinitwv.
Available at: www.oikokiklios.gr [Accessed 8 December 2023]

Commission of the European Communities (2010) Guidance on classification of
waste according to EWC-Stat categories. Supplement to the Manual for the Imple-
mentation of the Regulation (EC) No 2150/2002 on Waste Statistics, Version 2.
Available at: Table 1: List of waste categories (europa.eu) [Accessed 10 December
2023]

European Union Law (2001). Commission Decision: 2001/118/EC. Available at: De-
cision - 2001/118 - EN - EUR-Lex (europa.eu). [Accessed 10 December 2023]
NetRegs. European Waste Catalogue (EWC) - waste codes. Environmental guidance
for your business in Northern Ireland & Scotland. Available at: European Waste Cat-
alogue (EWC) - waste codes | NetRegs | Environmental guidance for your business in
Northern Ireland & Scotland [Accessed 10 December 2023]

Government of the United Kingdom (2021). Waste classification technical guidance
WM3. Available at: Waste classification_technical_guidance_ WM3.pdf (publish-
ing.service.gov.uk) [Accessed 10 December 2023].

Luay Anaya, Fadi Qutaishat (2022). ERP systems drive businesses towards growth
and sustainability. International Conference on Industry Sciences and Computer Sci-
ence Innovation. Procedia Computer Science 204 (2022) 854-861.
Available at: https://doi.org/10.1016/j.procs.2022.08.103 [Accessed 3 January 2024]

A. G. Chofreh, F. A. Goni, A. M. Shaharoun, S. Ismail, J.J. Klemes (2014). Sustain-
able enterprise resource planning: imperatives and research directions. Journal of
Cleaner Production, vol. 71, pp. 139-147.
Available at: https://doi.org/10.1016/j.jclepro.2014.01.010 [Accessed 4 January
2024]

Lubin D.A. & Esty D.C. (2010). The sustainability imperative. Harvard Bus. Rev. 88,

42-50. Available at: http://refhub.elsevier.com/S0959-6526(14)00019-5/sref83 [Ac-
cessed 4 January 2024]

Bettencourt L.M.A., Kaur J. (2011). Evolution and structure of sustainability science.
Proc. Natl. Acad. Sci. U. S. A. 108, 19540e19545. Available at: Evolution and struc-
ture of sustainability science | PNAS [Accessed 4 January 2024]

Elkington J. (1994). Towards the suitable corporation: win-win-win business strate-
gies for sustainable development. Calif. Manage. Rev. 36, 90-100. Available at:
https://journals.sagepub.com/doi/10.2307/41165746 [Accessed 4 January 2024]

H. Alhaddi (2015). Triple Bottom Line and Sustainability: A Literature Review. Red-
Fame. Available at: Triple Bottom Line and Sustainability: A Literature Review |
Alhaddi | Business and Management Studies [Accessed 4 January 2024]

D. Kiron, N. Kruschwitz, K. Haanaes, I. Von Streng Velken (2012). Sustainability
Nears a Tipping Point. MIT Sloan Management Review, Vol. 53, Issue 2, Pages 69-
74.

Available at: https://www.scopus.com/record/display.uri?eid=2-s2.0-
84856880212&origin=inward [Accessed 4 January 2024]

M.C Boudreau, A. Chen, M. Huber (2008). Green IS: Building Sustainable Business
Practices. R.T. Watson (Ed.), Information Systems. A Global Text, pp. 1-17.
Available at: Green IS: Building Sustainable Business Practices [Accessed 4 January
2024]

65


http://www.oikokiklios.gr/
https://ec.europa.eu/eurostat/documents/342366/351806/Guidance-on-EWCStat-categories-2010.pdf/0e7cd3fc-c05c-47a7-818f-1c2421e55604
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32001D0118
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32001D0118
https://www.netregs.org.uk/environmental-topics/waste/duty-of-care-your-waste-responsibilities/european-waste-catalogue-ewc-waste-codes/
https://www.netregs.org.uk/environmental-topics/waste/duty-of-care-your-waste-responsibilities/european-waste-catalogue-ewc-waste-codes/
https://www.netregs.org.uk/environmental-topics/waste/duty-of-care-your-waste-responsibilities/european-waste-catalogue-ewc-waste-codes/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1021051/Waste_classification_technical_guidance_WM3.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1021051/Waste_classification_technical_guidance_WM3.pdf
https://doi.org/10.1016/j.procs.2022.08.103
https://doi.org/10.1016/j.jclepro.2014.01.010
http://refhub.elsevier.com/S0959-6526(14)00019-5/sref83
https://www.pnas.org/doi/suppl/10.1073/pnas.1102712108
https://www.pnas.org/doi/suppl/10.1073/pnas.1102712108
https://journals.sagepub.com/doi/10.2307/41165746
https://redfame.com/journal/index.php/bms/article/view/752
https://redfame.com/journal/index.php/bms/article/view/752
https://www.scopus.com/record/display.uri?eid=2-s2.0-84856880212&origin=inward
https://www.scopus.com/record/display.uri?eid=2-s2.0-84856880212&origin=inward
https://www.researchgate.net/publication/242112741_Green_IS_Building_Sustainable_Business_Practices

A.R. Al-Ali, A. EI-Hag, M. Bahadiri, M. Harbaji, Y. Ali EI Haj (2011). Smart home
renewable energy management system. Energy Procedia. Vol. 12, pp. 120-126.
Available at: https://doi.org/10.1016/j.eqypro.2011.10.017 [Accessed 4 January
2024]

M.D. Ahmed, D. Sundaram (2012). Sustainability modelling and reporting: from
roadmap to implementation. Decision Support Systems. Vol. 53, Issue 3, pp. 611-
624.

Available at: https://doi.org/10.1016/j.dss.2012.02.004 [Accessed 4 January 2024]

D.S. Markovic, D. Zivkovic, I. Branovic, R. Popovic, D. Cvetkovic (2013). Smart
power grid and cloud computing. Renewable and Sustainable Energy Reviews. Vol.
24, pp. 566-577. Available at: https://doi.org/10.1016/j.rser.2013.03.068 [Accessed 4
January 2024]

S. Brooks, X. Wang, S. Sarker (2012). Unpacking green IS: a review of the existing
literature and directions for the future. Green Business Process Management, pp. 15-
37.

Available at: Unpacking Green IS: A Review of the Existing Literature and Directions
for the Future [Accessed 4 January 2024]

L. L. Chuma (2020). The Role of Information Systems in Business Firms Competi-
tiveness: Integrated Review Paper from Business Perspective. International Research
Journal of Nature Science and Technology, Vol. 2 Issue 4. Available at: The Role of
Information Systems in Business Firms Competitiveness: Integrated Review Paper
from Business Perspective [Accessed 10 February 2024]

A. G. Chofreh, F.A Goni, J. J. Klemes (2018). Sustainable enterprise resource plan-
ning systems implementation: A framework development. Journal of Cleaner Produc-
tion, Vol. 198, pp. 1345-1354. Available at: Sustainable enterprise resource planning
systems implementation: A framework development - ScienceDirect [Accessed 10
February 2024]

M. Lachance (2023). How Software Can Make Managing Waste Easier. Cority.
Available at: How Software Can Make Managing Waste Easier [Accessed 12 Febru-
ary 2024]

US EPA | United States Environmental Protection Agency (2023). Human Health &
Environmental Impacts of the Electric Power Sector. Available at: Human Health &
Environmental Impacts of the Electric Power Sector | US EPA [Accessed 2 March
2024]

H. Fengping & G. Yongming (2021). Impacts of electricity generation on air pollu-
tion: evidence from data on air quality index and six criteria pollutants. Discover
Applied Sciences, Vol. 3, Article number 4. Available at: Impacts of electricity gen-
eration on air pollution: evidence from data on air quality index and six criteria pol-
lutants | Discover Applied Sciences [Accessed 2 March 2024]

M. M. Curmei & C. Kurrer (2023). Environment policy: general principles and basic
framework. European Parliament. Available at: Environment policy: general princi-
ples and basic framework | Fact Sheets on the European Union | European Parliament
[Accessed 6 March 2024]

European Commission. Industrial emissions and safety. Available at: Industrial emis-
sions and safety - European Commission [Accessed 6 March 2024]

European Commission. Industrial Emissions Directive. Available at: Industrial Emis-
sions Directive - European Commission (europa.eu) [Accessed 6 March 2024]

66


https://doi.org/10.1016/j.egypro.2011.10.017
https://doi.org/10.1016/j.dss.2012.02.004
https://doi.org/10.1016/j.rser.2013.03.068
https://link.springer.com/chapter/10.1007/978-3-642-27488-6_2
https://link.springer.com/chapter/10.1007/978-3-642-27488-6_2
https://scienceresearchjournals.org/IRJNST/2020/volume-2%20issue-4/irjnst-v2i4p103.pdf
https://scienceresearchjournals.org/IRJNST/2020/volume-2%20issue-4/irjnst-v2i4p103.pdf
https://scienceresearchjournals.org/IRJNST/2020/volume-2%20issue-4/irjnst-v2i4p103.pdf
https://www.sciencedirect.com/science/article/pii/S0959652618320699
https://www.sciencedirect.com/science/article/pii/S0959652618320699
https://www.cority.com/blog/benefits-of-waste-management-software/
https://www.epa.gov/power-sector/human-health-environmental-impacts-electric-power-sector#:~:text=Electric%20power%20generation%20is%20the%20second%20largest%20emitter,services%20they%20provide%20to%20communities%2C%20economies%2C%20and%20people.
https://www.epa.gov/power-sector/human-health-environmental-impacts-electric-power-sector#:~:text=Electric%20power%20generation%20is%20the%20second%20largest%20emitter,services%20they%20provide%20to%20communities%2C%20economies%2C%20and%20people.
https://link.springer.com/article/10.1007/s42452-020-04004-2
https://link.springer.com/article/10.1007/s42452-020-04004-2
https://link.springer.com/article/10.1007/s42452-020-04004-2
https://www.europarl.europa.eu/factsheets/en/sheet/71/environment-policy-general-principles-and-basic-framework
https://www.europarl.europa.eu/factsheets/en/sheet/71/environment-policy-general-principles-and-basic-framework
https://environment.ec.europa.eu/topics/industrial-emissions-and-safety_en
https://environment.ec.europa.eu/topics/industrial-emissions-and-safety_en
https://environment.ec.europa.eu/topics/industrial-emissions-and-safety/industrial-emissions-directive_en
https://environment.ec.europa.eu/topics/industrial-emissions-and-safety/industrial-emissions-directive_en

United States environmental Protection Agency. Sulfur Hexafluoride (SF6) Basics.
Available at: Sulfur Hexafluoride (SF6) Basics | US EPA [Accessed 7 April 2024]

European Commission. About F-gases. Available at: About F-gases - European Com-
mission (europa.eu) [Accessed 7 April 2024]

UNECE | Sustainable Development Goals. About the ADR. Available at: About the
ADR | UNECE [Accessed 10 April 2024]

SAP (2023). The Power of Tokenization. A new mass balance approach to accelerate
sustainability, traceability, and transparency in chemical & plastics supply chain net-
works. White paper.

ISCC (2024). ISCC System and Guidance Documents. Available at: ISCC Documents
— ISCC System (iscc-system.org) [Accessed 14 April 2024]

SAP (2023). Material Traceability for Increased Circularity in the Chemical Indus-
try. A blockchain-based mass balance approach using SAP Green Token. White pa-
per.

SAP (2023). Waste Management (EHS-SUS-WA). Available at: Waste Transportation
Documents | SAP Help Portal [Accessed 6 June 2024]

SAP EWM100 (2021). Processes in SAP Extended Warehouse Management. Official
Training Handbook

Ministry of Environment and Energy of Greece (2024). F-GASES & ODS Monitoring
Information System. Available at: [TAnpogopiaxd Xvotuo [Mopakorodbnong F-
GASES & ODS - (ypen.gov.gr) [Accessed 18 June 2024]

Redeia (2024). Sustainability Report 2023. Available at: Sustainability Report 2023 |
Redeia [Accessed 30 June 2024]

Elia Group (2024). Integrated annual report 2023: Fully charged for change. Elec-
trifying the net-zero movement. Available at Elia Group’s ‘Integrated annual report
2023 by Elia Group - Issuu [Accessed 30 June 2024]

Statnett (2024). Annual and Sustainability Report 2023. Accelerating the green tran-
sition. Available at: Annual and Sustainability Report 2023 (statnett.no) [Accessed
30 June 2024]

Terna (2024). Annual Report — Integrated Report 2023. Available at: Annual Report
— Integrated Report 2023 (terna.it) [Accessed 30 June 2024]

National Grid (2024). Delivering the energy transition now. Responsible Business
Report. Available at: NG_RBR_2023_2024.pdf (ournationalgrid.com) [Accessed 30
June 2024]

National Grid (2020). Responsible Business Charter 2020. Available at: National
Grid Responsible Business Charter 2020 US (nationalgridus.com) [Accessed 30 June
2024]

67


https://www.epa.gov/eps-partnership/sulfur-hexafluoride-sf6-basics
https://climate.ec.europa.eu/eu-action/fluorinated-greenhouse-gases/about-f-gases_en
https://climate.ec.europa.eu/eu-action/fluorinated-greenhouse-gases/about-f-gases_en
https://unece.org/about-adr
https://unece.org/about-adr
https://www.iscc-system.org/certification/iscc-documents/#:~:text=The%20ISCC%20system%20documents%20are%20the%20guidelines%20and,types%20of%20certifications%20that%20can%20be%20applied%20for.
https://www.iscc-system.org/certification/iscc-documents/#:~:text=The%20ISCC%20system%20documents%20are%20the%20guidelines%20and,types%20of%20certifications%20that%20can%20be%20applied%20for.
https://help.sap.com/docs/SAP_S4HANA_ON-PREMISE/1b3596cc5dd5428d887966a4193ddc29/90603f1136dd433787ecbb0669ec9d58.html
https://help.sap.com/docs/SAP_S4HANA_ON-PREMISE/1b3596cc5dd5428d887966a4193ddc29/90603f1136dd433787ecbb0669ec9d58.html
https://ypen.gov.gr/perivallon/klimatiki-allagi/pliroforiako-systima-parakolouthisis-f-gases-ods/
https://ypen.gov.gr/perivallon/klimatiki-allagi/pliroforiako-systima-parakolouthisis-f-gases-ods/
https://www.redeia.com/en/publications/sustainability-report-2023
https://www.redeia.com/en/publications/sustainability-report-2023
https://issuu.com/eliagroup/docs/elia_group_2023_annual_integrated_report_en?fr=xIAEoAT3_____
https://issuu.com/eliagroup/docs/elia_group_2023_annual_integrated_report_en?fr=xIAEoAT3_____
https://www.statnett.no/globalassets/om-statnett/investorrelasjoner/arsrapporter/annual-and-sustainability-report-2023.pdf
https://download.terna.it/terna/Terna_2023_Integrated_Report_8dc5f14f587b168.pdf
https://download.terna.it/terna/Terna_2023_Integrated_Report_8dc5f14f587b168.pdf
https://ournationalgrid.com/rbr/publication/contents/templates/NG_RBR_2023_2024.pdf
https://www.nationalgridus.com/media/pdfs/our-company/usnationalgridresponsiblebusinesscharter2020us.pdf
https://www.nationalgridus.com/media/pdfs/our-company/usnationalgridresponsiblebusinesscharter2020us.pdf

	1 Introduction
	2 Literature Review
	2.1 Environmental Impact of a Power Transmission Operator
	2.2 Current Status of Capturing PTO Waste Management Information
	2.3 ERP System Integration
	2.4 SAP Extended Warehouse Management and SAP Waste Management: Key Features

	3 Problem Description
	3.1 Sustainability in the Modern Era: Transforming Business Strategies & Fostering Economic Growth
	3.2 The Role of Enterprise Resource Planning Systems in Sustainable Business Growth
	3.3 ERP Systems in Sustainable Decision-Making for Waste Management
	3.4 Classification, Implementation and Challenges of the European List of Wastes in Waste Management

	4 Methodology
	4.1 Assess Pollution Impacts of Specific Operations, Illustrated by Electricity Production Facilities and Transfer
	4.1.1 Air Pollution
	4.1.2 Water Contamination
	4.1.3 Climate Change & Global Warming

	4.2 ERP Systems: Driving Sustainable Growth & Compliance in the Electricity Production Sector
	4.3 Legal Requirements Valid for EU & Local Industries: Pollutant & Dangerous Goods
	4.4 Detection of the Waste Generated by a Warehouse of Electricity Transportation Company

	5 Implementation
	5.1 Registration Steps of Waste by the Responsible Teams in the ERP System
	5.1.1 Recording the creation of waste generated by each facility in the company
	5.1.2 Organisation of the collection of the stored quantity of waste from each facility to the responsible storage site
	5.1.3 Classification Committee
	5.1.4 Data entry of assignment contracts to the collaborating collectors
	5.1.5 Entry of a Collection Order to Waste Management companies
	5.1.6 Submission of the Waste Identification Form (WIF) & Hazardous Waste Identification Form (HWIF) after the completion of the collection of waste material by the responsible waste management companies
	5.1.7 Processing of the SAP S/4HANA data to verify the accurate implementation of the assignments determined by the company to the cooperating collectors
	5.1.8 Export of data from SAP S/4HANA for preparing declarations to the F-GASES & ODS platform
	5.1.9 Retrieving outcomes from SAP S/4HANA pertaining to the evaluation indicators and targets designated by the company
	5.1.10 Analysis of projected waste production in the SAP S/4HANA environment


	6 Recommendations & Conclusion
	6.1 Recommendations
	6.1.1 ERP System Metrics & KPIs  for Environmental Policy & Waste Management
	6.1.2 SAP Green Token: A Novel Mass Balance Method for Sustainability, Traceability & Transparency
	6.1.3 Main key findings & outcomes from SAP Green Token pilot
	6.1.4 The two main approaches of SAP Green Token

	6.2 Conclusion

	7 Bibliography

