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Abstract: Material Management (MM) is the engine that drives its Supply Chain and Logistics of manufacturing 
enterprises or other organizations. With the economy development and technical progress, many Logistics are 
transforming from 1PL (First-Party Logistics) & 2PL and 3PL to 4PL and 5PL continuously, and many 
manufacturers are transforming from Mass Production to Mass Customization and continuously to Social 

Manufacturing mode. So, MM should continuously apply the latest ICT & intelligent technologies or systems, 
like Barcode, RFID, IoT (Internet of Things), GPS, Cloud Computing, Big data, Parallel Control and Management, 
to realize its transformation and upgrade coordinately with its Supply Chain and Logistics. 
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1. Introduction 
Material Management (MM) is one important part of Logistics Management and Supply 

Chain Management, so to understand logistics and supply chain is helpful to understand the 
requirements of MM. Information and Communication Technology (ICT) & intelligent 
technologies or systems are the most important technical supports of the new Material 
Management System (MMS) to meet the more complex and challenge requirements. So, we 
organize the Chapter as follows: Section II introduces Logistics and Supply Chain of Material 
Management: Logistics Upgrade from 1PL to 3PLs; Material Management of Logistics; Material 
Coding and its Standardization; Material Procedure Management; Key Performance Indicator 
(KPI) for Materials Management. Section III introduces Material Management Solution of SAP: 
Three Important Flows of Material Management in Supply Chain; Material Management Solution 
of SAP. Section IV is the Material Management Case Study in a Global Chemical Company: “As 
Is” ERP & shop floor situation;“To be” ERP+MII solution; Business scope; Functional areas; 
Benefits analysis. Section V is Material Management Case Study of National Power Group: 
Technical Solution of Material Management System; Main Functions of Material Management 
System; Key Performance Indicator of Material Management System; Online Supermarket of 
National Power Group; Result Analysis and Conclusions. Section VI discusses Development 
Trend of Material Management: Logistics upgrade to 4PLs; Logistics upgrade to 5PLs. Section 
VII is Conclusions. 

2. Material Management of Logistics and Supply Chain 

2.1 Definitions of Logistics and Supply Chain 

 

Fig.1. Ssupply chain management process 



Logistics can be defined as the management of business operations, including the acquisition, 
storage, transportation, and delivery of goods (product, or material) along the supply chain. 
Supply Chain can be defined as a network of retailers, distributors, transporters, storage facilities, 
and suppliers that participate in the sale, delivery, and production of a particular product (Martin 
Murray 2006). 

So, logistics is one part of the supply chain process (Fig.1) that plans, implements and 
controls the efficient, effective flow and storage of goods, services and related information from 
the point of origin to the point of consumption to meet customers’ requirements. And, the targets 
of logistics operation can be summarized as “7R”, i.e. transfer right product to client in right time 
and at right place, with right quantity, right quality, right condition and right cost. 

2.2 Logistics Upgrade from 1PL to 3PLs 
The concepts of 1PL (First-Party Logistics), 2PL (Second-Party Logistics), 3PL (Third-Party 

Logistics), and 4PL (Fourth-Party Logistics, discuss later) reflect the evolving demands of supply 
chain management (Fig.2). 

 

Fig.2. Logistics upgrade from 1PL to 4PL 

1) 1PL (First-Party Logistics) 
A 1PL  manufacturer essentially owns and handles all logistics functions, such as trucking 

and warehousing. 1PL is normally the shipper and consignee, who have cargo to send from a point 
A to B. Most small businesses buying and selling in the same location are 1PLs. 

2) 2PL is capacity provider 
As the business expands geographically, the manufacturer will seek a 2PL provider to share 

its growing logistics burden. A 2PL provider is generally a commodity capacity provider (Henry 
Ho 2001), such as a transportation company or a warehouse operator, who physically owns 
transportation tools (truckers, air freighters or container lines) or storage warehouse. A 2PL 
provides service for a single or a small number of functions in the supply chain. They face low 
returns, with high levels of asset intensity but low barriers to entry. Airports and seaports are also 
categorized as 2PL; their returns are generally better and more stable due to their relative scarcity, 
natural monopoly geographically. The distributor is another 2PL, who can achieve higher returns 
through a dense network, legislative protection, and sizeable cost base. For example, the express 
parcel operators can earn higher margins as they can charge a premium pricing for timely delivery. 

3) 3PL is supply chain manager 

 

Fig. 3 3PL example: China Resources (Holdings) Co. Ltd (CRC) 



According to the Council of Supply Chain Management Professionals, 3PL is defined as "a 
firm that provides multiple logistics services for use by customers. Preferably, these services are 
integrated, or bundled together, by the provider. Among the services, 3PLs provide are 
transportation, warehousing, cross-docking, inventory management, packaging, and freight 
forwarding." China Resources (Holdings) Co. Ltd. (David J. Piasecki. 2003) provides one 3PL 
example (Fig.3). 

While 3PLs do own some assets such as key distribution centers in strategic locations or a 
small trucking fleet to fill emergency needs, they contract out most of their capacity needs to 
2PLs. Hence the terms 3PL and contract logistics are frequently used interchangeably (Henry Ho 
2001). 3PL provides such services as EDI information of warehousing and transportation, order 
fulfillment, automated replenishment, selection of transport, packaging and labeling, distribution, 
import and export of the product group, etc. 3PL providers focus on logistics solutions and look 
for the optimal combination of assets available from capacity providers. 3PLs are less assets 
intensive and are thus nimbler in operation, and therefore have higher returns on assets employed. 
Their management expertise helps to optimize supply chains for more and more customers. 
Moreover, the more integrated services of a 3PL, the closer to the customers’ operation. This 
closeness makes 3PL indispensable to the customer, as the 3PL provider becomes more a partner 
than a supplier. A customer is more reluctant to change its 3PL provider than a 2PL. There is 
therefore higher customer loyalty and revenue stability. Economies of scale are crucial for 3PLs to 
be profitable, as they need to support extensive logistics networks. 
 Differentiation of 2PL and 3PL 

2PL is an outsourced logistics provider with no system integration, 2PL works often on call 
(e.g. express parcel services); 3PL is always integrated in the customs system, so it is almost every 
time informed about the workload of the near future. 2PLs only provide standardized services 
which can’t be customized, so they have to face the fluctuating market with hard competition and 
a price battle on a low level. 3PLs often provide the customized and specialized services to meet 
the customer’s long term cost reduction strategy needs. Normally, a stable and long term contract 
can be signed between 3PL and its customer, which is cost effective for both sides. 
 Advantages and possible disadvantage of 3PL 

Advantages of 3PL: Cost and time savings for the customer; Low capital commitment; Ability 
of customer to focus on core business; 3PLs provide flexibility. 

The possible disadvantage of 3PL: The customer has to outsource its own logistics and loss the 
full control. Actually, this is not big problem in practice. 

2.3 Material Management of Logistics 
MM is an integral part of the logistics function in the supply chain. The goal of MM is to 

provide an unbroken chain of components for production to manufacture goods on time for the 
customer base. Materials is generally measured by accomplishing on time delivery to the 
customer, on time delivery from the supply base, attaining a freight budget, inventory shrink 
management, and inventory accuracy. 
 Three important flows in MM 

There exist three important flows in MM (Martin Murray 2006): the material flow; the 
information flow; and the financial flow. The material flow describes the movement of materials 
from the vendor to the company and then on to the customer. Today companies are integrating 
with suppliers and customers, not just interfacing. Therefore any improvements companies can 
provide to the visibility of their material flow will allow them to be flexible and responsive to their 
customers. Customers will want to do business with companies who are responsive. Those 
companies will also be able to gain a competitive advantage and increase market share by being 
more flexible, quicker, and more dependable. The information flow includes the transmitting of 
orders (including EDI, fax, etc.) and updating the status of all deliveries. Companies that can show 
customers and vendors viability by using real-time information have a distinct competitive 
advantage over others. The financial flow includes the financial documents that are created at each 
material movement. 



 MM in Practice 
Redundancy can be reduced and effectiveness is increased when service points are clustered 

to reduce the amount of redundancy. Effective MM software can also resolve “island” approaches 
to shipping, receiving, and vehicle movement. Solutions include creating a new central loading 
location, as well consolidating service areas and docks from separate buildings into one. For 
example, MM plan may include planning guidelines or full design for the following: 

 Truck delivery and service vehicle routes, to reduce vehicle/pedestrian conflict. 
 Loading docks and delivery points, to increase accommodation and reduce queuing and 

vehicle idling. 
 Recycling, trash, and hazardous waste collection and removal, to increase waste 

diversion and reduce costs. 
 Service equipment and utility infrastructure relocation or concealment, to improve 

aesthetics and realize landscaping goals. 
 Regulatory and operation planning. 
MM are practiced from company to company, there are no standards. Some companies use 

ERP systems such as SAP, Oracle, BPCS, MAPICS and others to manage material. Some 
companies design, develop and use their own MMS to meet the specific short term and long term 
requirements. Some small companies which do not have or cannot afford ERP systems use a form 
of spreadsheet application to manage material. 
 MM’s Challenges 

MM’s major challenge is maintaining a consistent flow of materials for production. There are 
many factors inhibiting the accuracy of inventory which results in production shortages, premium 
freight, and often inventory adjustments. MM’s major issues are incorrect bills of materials, 
inaccurate cycle counts, un-reported scrap, shipping errors, receiving errors, and production 
reporting errors. 

MM’s another challenge is to provide timely releases to the supply base. On the scale of 
worst to best practices, sending releases via facsimile or PDF file is the worst practice, and 
transmitting releases to the supplier based the stable web site is the best practice. 

2.4 Material Coding and its Standardization 
Materials coding is the process to convert the symbol system that can represent various 

materials naturally into another standard and uniform symbol system that computers and human 
can identify and utilize more easily and efficiently. It is a technical tool to unify human’s 
recognition, exchange real-time information, and keep the high accuracy of various and 
complicated information for communication among all kinds of activities. 

To improve MM’s efficiency, a standard and scientific Materials Classification and Coding 
(MC&C) should be established to meet the collaboration and communication needs among 
enterprises. Typically, MC&C is one of indispensable pre-conditions for sharing all kinds of 
resources and achieving efficient MM. Each material code represents concrete equipment or 
material uniquely, which can be saved, extracted, modified and retrieved for the application 
purpose of classification and statistics. MC&C plays an important role in MM: 
 It could provide the unified and standard identifications for the collaboration of MM. 
 Material code is its unique “Identification Number”, so can avoid redundant storage of the 

same material. 
 It could avoid manual input and output errors, and improve the quality and efficiency of MM. 
 The fixed codes can prevent the fraud activities on MM. 

MC&C researches have been done earlier in western developed countries. The United States 
has invested to study MC&C since 1910s. Germany established the Defense Material Agency in 
1956, whose task is military supplies classification and coding. Japan completed "Standard 
Commodity Classification and Coding" in 1975. The Soviet Union established a unified coding 
management system with 19 categories in 1979. Chinese General Logistics Department completed 
the standard system of “Logistics Materials Classification and Coding” in 1990. 

In summary, all material coding methods can be classified into two categories: meaningful 



coding methods, meaningless coding methods. Meaningful coding methods mainly include the 
classification method, the combined features method and the combined coding method. In 
contrast, meaningless coding methods mainly include the sequence coding method and the 
structure coding method, etc. Kraftwerk-Kennzeichen System (KKS) consists of technical 
identifier, installation location identifier and position identifier. After the long-term practice and 
improvement, KKS has become mature and complete identification systems for MM. 

Currently, the most popular MC&C method is the combination of the property coding 
method and sequence coding method to identify the materials’ properties for the management 
convenience. According to the hierarchical design of MC&C system, the upper catalogs which are 
formed by the principles of the property coding method and the lower catalogs are designed by the 
sequence coding method to refine materials classification and improve the utilization percentage 
of coding space. 

2.5 Material Procedure Management 
Different management procedures come with the building of any new corporation, and 

become more and more complex with their development and growth. Each corporation and its 
sub-organizations have their own and specific procedures for different businesses and services, 
which are made up of various complex sub-procedures. So, those procedures and sub-procedures 
should be managed reasonably in order to realize the unified management on corporation level. 
Flexible business process can be realized by suitably connecting different procedures, so efficient 
procedures management can make many benefits, such as: Time and cost saving; Efficiency and 
quality improvement; Clear accountability and no duplication, etc. If the procedure management 
can't be operated effectively, the business process can't track the implementation details of 
management operations, and these would seriously affect the unified management of the entire 
system. 

Besides saving time and cost, efficient procedures management also help corporations to 
drastically reduce or even eliminate their faults or damages, which are normally caused by 
document lost, important information missing, or necessary review process ignoring. On the other 
hand, a clear procedure helps every employer and employee to know the general status of all 
involved projects and tasks and the accurate detail and status of his or her duty. And, the manager 
exactly knows all the information of the project and the duty detail of every participant. 

Efficient material procedure management is also the necessary pre-condition for the unified 
MM. Small adjustments of the procedure structure can only be made in a given mode by specific 
users, and no adjustment can be made in the most of traditional procedure management. For 
example, the procedure structure of material warehousing, storage and release is simple procedure 
structure including material purchase, material warehousing, material back process warehousing, 
finished product warehousing, material release, product release, and after-sales release, etc. 
Because of its inflexibility, the traditional procedure managements couldn't meet the unified 
material procedure management demand. 

A complex and flexible procedure management can make the procedure design easier for all 
kinds of procedures, which become the common communication mechanisms among different 
projects, different departments, different systems, and different units. The most procedures should 
be adjusted continuously for their optimization according to the various changing demands. So, 
the procedure management is not only a simple procedure structure changing, but also a 
complicated structure adjustment. Not just copying the given procedure structures, the procedure 
management should be re-designed, and the sub-procedures should be re-structured by using the 
latest IT, so the complex and flexible procedures of MM can be configured out easily and does not 
destroy the given procedures structure. 

2.6 Key Performance Indicator (KPI) for Material Management 
Currently, there is less research and discussion on the performance management about the 

organization of enterprise compared to the performance management about the employees. In fact, 
the performance management of organization reflects not only the performance of individual 



employees, but also the management level of leaderships, resource allocation, knowledge, and 
teamwork, etc. Hence, it is necessary to design and optimize the organization-level KPI system to 
support healthy and rapid development of enterprises. 

KPI is a performance measure tool commonly used to help an organization define and 
evaluate its performance, typically in terms of making progress towards its long-term goals. KPI 
should be defined objectively to provide quantifiable and measurable indications of the 
organizations progress towards achieving its goals. KPI can be monitored by using Business 
Intelligence (BI) techniques to assess the present state of the business and to assist in prescribing a 
course of improvement action. 

It is the key to improve the enterprise performance management efficiently by establishing a 
clear and reasonable KPI. Furthermore, KPI could be quantifiable, pre-approved and can reflect 
the realization process of organizational goals. KPI is the effective means of performance 
management and the driving force to promote the actual business value of an enterprise. From the 
perspective of functions, KPI can be applied to show the crucial aspects of the business values 
based on the decomposition of the enterprise's strategic goals, to classify the qualitative and 
quantitative factors and implement the enterprise’s strategy strongly, and to provide an objective 
basis for communicating between senior managers and lower managers of an enterprise for the 
evaluation of performance management. 

 

Fig.4 KPI support on the strategic objectives of an enterprise 

Fig.4 shows the irreplaceable functions of KPI in the performance management of an 
enterprise. Without the implementation of KPI management, sub-goals are chaotic and can’t 
promote the strategic goal of an enterprise effectively. In contrast, with the help of KPI 
management, the sub-goals can keep pace to achieve the top goal of an enterprise effectively. 

For designing KPI for performance management, it should comply with the principles of 
SMART where “S”, “M”, “A”, “R”, and “T” represent Specific, Measurable, Attainable, Realistic, 
and Time-bound, respectively. 

3. Material Management Solution of SAP 

3.1 Three Important Flows of Material Management in Supply Chain 
MM is one important module in the logistics functions of ERP, Fig. 5 shows a typical MM 

process. The Logistics function and the flows are defined within the supply chain, and SAP ERP 
should be developed to manage this supply chain to gain a competitive advantage for the clients 
(Martin Murray 2006). For example, it can provide a company with the ability to have the correct 
materials at the correct location at the correct time, with the correct quantity and at the most 
competitive cost. The competitive advantage is achieved when the company can manage the 
process. This involves managing the company’s relationships with its vendors and customers, 
controlling their inventory, forecasting customer demand, and receiving timely information with 
regards to all aspects of the supply-chain transactions. 

Although MM is an integral core part of Logistics, it is only one core part of the big picture. 



The Logistics function in ERP includes the following: MM, Sales and Distribution (SD), Quality 
Management (QM), Plant Maintenance (PM), Production Planning (PP), Project System (PS), 
Finance (FI), Warehouse Management (WM),and Logistics Information System (LIS). There is 
additional functionality in the Logistics area, such as Batch Management, Handing Unit 
Management, Variant Configuration, Engineering Change Management, Environmental, Health, 
and Safety (EHS). These can be important in the Logistics area, depending on the individual 
customer requirements. 

 

Fig. 5 A typical material management process 

1) Material flow of supply chain 
As defined already, material flow is the material movement from the vendor to the customer 

(Martin Murray 2006). To instigate a flow, a material need would be have to be created by either 
PP module via a Materials Requirements Panning (MRP) system or by a sales order created in SD. 
The need is created, and a Purchase Requirement is sent to the vendor, relating to instructions in 
delivery date, quantity and price. 

The vendor sends the material, and it is received and may be subject to a quality inspection in 
QM. Once approved, the material can be stored and may be stored in a WM. The material could 
be required in a Production Order in PP or be part of a larger project defined in PS. Once a final 
material is available for the customer, it can be picked from the warehouse and shipped to the 
customer using the SD module. From the description of this simple flow it is easy to see that MM 
is highly integrated with the other ERP modules. 

2) Information flow of supply chain 
The information flow can be easily described by using the simple example. Initially, there 

may be an order from a customer. This order could be transmitted via Electronic Data Interchange 
(EDI) to the SAP ERP system. The information will communicate whether the item is in stock, 
and if not, the information is sent to the MRP tool and sent back to the customer to give the 
delivery date. 

The MRP tool takes all information regarding production schedules, capacity of production 
facility, and the available materials involved in production to create production orders and 
material requests that appear as information in the procurements system. 

The information in procurement system creates orders with required delivery date, which are 
transmitted to vendors. The return information from the vendor will confirm the  delivery date of 
the material. The vendor can send EDI transmissions informing the company the delivery status. 
Upon receipt of the material, the information is passed from the receiving documents to WM, in 
order to store the material correctly. The information is passed to PP to calculate if the production 
order is ready to commence. Once the material is ready to ship, SAP ERP produce the shipping 
information and send it to the customer. 

At all of the touch points with ERP, information has been recorded available to be reviewed 
and analyzed. The more information that is shared across the total supply chain, the more cost 
benefits can be achieved based on the analytical data. The Logistics Information System (LIS) and 
other standard reports in SAP ERP can give the supply chain management team invaluable 



insights into how their logistics function operates. 

3) Financial flow of supply chain 
The typical flow of financial information in the supply chain includes the invoices received 

by the company from their vendors, the payments to the vendors, the billing of the customers for 
the materials, and the incoming payments. 

The vendor supplies material to the company and sends it an invoice. The company has 
choices on how to pay the vendor: either pay on receipt of the materials (two-way match), or more 
often, on receipt on the vendor invoice (three-way match). The accounts payable department 
carries out this function. The invoice-verification process is an excellent example of the 
integration between MM and Finance modules. 

The financial flow, the information and material flows of the supply chain has not changed in 
magnitude. However, the SAP R/3 system allows the supply chain users to analyze the financial 
KPI that are part of the overall supply chain. These can include Inventory Turns, Days of Working 
Capital, Days of Inventory, Days Sales Outstanding and Days Payables Outstanding. The 
integration of MM and other key module within the Logistics function combine to provide this 
important information in an accurate and timely fashion. 

Developments in the financial flow of the supply chain have direct impacts on MM module. 
The imagining of invoices is an important development that allows companies to scan the 
incoming invoices (either internally or using a third party) and create a Workflow (WF) to speed 
approval. A message is sent to the purchaser, and approval time is shortened. 

Companies now use Procurement cards (P-cards) to reduce costs and speed up the financial 
flow. Purchasing with a P-card ties purchasers into an approved vendor list and allows companies 
to focus on obtaining discounts and favorable rates with certain vendors. The other benefit is that 
the P-card reduces the invoice processing by the accounts payable department. The individual 
purchases are managed by spending limits associated with each p-card user and payment is made 
directly to the vendor by the P-card company. The use of P-cards is an example of how the 
development in the supply chain management outside of ERP influence the integration between 
ERP modules, in this case FI and MM. 

3.2 Material Management Solution of SAP 
MM is the term applied to all processes and business activities relating to how materials are 

moved into, stored, used, and moved out of a company. Correctly defining MM organizational 
structure is the foundation for a successful SAP implementation. It is extremely important to make 
accurate decisions about entities such as company codes, plants, and storages. The processes of 
MM are based on various types of Master Data which are stored in Master Records for sharing 
among all departments access to perform their business activities across Modules. For example, 
The Material Master and Vendor Master Files are at the core of Procurement, Inventory 
Management, and Invoice Verification. Material Requirements Planning (MM-MRP) is for 
Consumption- based Planning: Based on past consumption values, which are used as basis when 
creating future requirements. MRP has to meet three objectives simultaneously: to ensure the 
material availability for production and delivery to customer; to maintain the lowest possible level 
of inventory; To plan manufacturing activities, delivery schedule, and purchase. Procurement 
(MM-PUR) is for the acquisition of materials, supplies and services according to the requirements. 
With its help, purchasing department can negotiate with suppliers for larger saving, better material 
quality, and more secure supply. Warehouse Management (MM-WM) keeps track of material 
inventory per storage bin in a warehouse; Processes stock movements into, out of & within a 
warehouse; Manages stocks within complex warehouse structures; Supports physical stock 
counting; Controls interfaces between WM and automated warehouse control systems; Provides 
information to assist with the planning of warehouse space & usage. Inventory Management 
(MM-IM) involves the receipt, storage, control and disbursement of materials and supplies: 
Manage the stocks on a quantity and value basis; Planning, entry, and proof of Goods movements; 
Carrying out the physical inventory. Invoice Verification (MM-IV) is the procedure through 



which vendors will be paid for the material that delivers to the customer. The procedure can 
involve a three-way matching process between the customer’s purchase order, the good-received 
note, and the vendor’s invoice. SAP MM module also includes Information System (MM-IS), and 
Electronic Data Interchange (MM-EDI), etc. 

 

Fig. 6 Material management solution of SAP 

4. Material Management Case Study of Global Chemical Company 

4.1 The Existing Problems 
For manufacturing enterprise, its IT systems’ connection among factory level, enterprise 

level and supply chain level is critical for production personnel to cost-effectively deliver on 
customer expectations. Unfortunately, the most of existing ERPs are separated from 
Manufacturing Execution Systems (MES) and Production lines, the situation can be described as 
in Fig.7. According to the customer survey executed by Managing Automation and AMR 
Research, “Less than 1% of respondents indicated that manufacturing data is automatically 
integrated with ERP with no manual intervention”. 

In fact, the ERP-MES integration is very important, which main contents include: Production 
capacity information (What is available for use?); Product definition information (How to make a 
product?); Production schedule (What to make and use?); Production performance (What was 
made and used?). Their integration is the key to realize Manufacturing Integration & Intelligence 
(MII), and then to create more profits, benefits and competences for the chemical enterprises. 

 
Fig.7 Typical scenario existing in manufacturing enterprise 

4.2 Manufacturing Integration & Intelligence (MII) Solution 
MII solution can solve those existing business and technical challenges described in previous 

part. It is important that one company becomes adaptive, and then its plants profitably replenish 
the supply chain, while dynamically responding to unpredictable changes enables the company 



and their production personnel to deliver superior performance through higher visibility and 
responsiveness. MII solution owns such capabilities as Manufacturing Operations, Manufacturing 
Integration, Manufacturing Intelligence and Manufacturing Innovation, where Manufacturing 
Synchronization and Manufacturing Excellence are two enabling technologies (Fig.8).  

 

Fig.8 Manufacturing integration and intelligence for the maximum return 

MII solution automatically synchronizes the orders, materials, maintenance, quality and 
master data between real-time manufacturing plants and enterprise business processes, to provide 
a “single version of the truth” and drive manufacturing excellence. MII is composed of a set of 
integrated tools, like data access, business logic, visualization, KPI's, alerts, metrics, SPC engine 
and visualization. It aggregates, transforms and visualizes data from multiple sources, like SAP 
business suite, MES, non-SAP business systems, process control, shop floor, quality, lab systems, 
PM, and QM, etc. Its visual information for plants can enhance asset reliability, extend PM 
capability and simplify PM operation for managers, operators, and planners. xMII offers a broad 
library of pre-built connectors for connecting to shop floor systems. Generally to say, typical 
benefits of MII solution include the improvement of visibility, responsiveness, and performance. 

4.3 Material Management Case Study in a Global Chemical Company 
We name the global chemical company of our case study as CO Company. CO mainly 

produces oil additives that improve the performance of fuels and lubricants, such as: viscosity 
modifiers, industrial engine oil additives, automotive engine oil additives, passenger car and heavy 
duty diesel marine lubricant additives, and chemicals & components, etc. 

1) “As Is” ERP & shop floor situation 
Before the project was executed, there are many disparate IT systems running in four plants 

and many sale offices, seven ERPs running at the same time in the enterprise, MES is not 
integrated with ERPs. So, learning about the exception too late to address and resolve it losts a 
huge customer order and thereby lost revenue opportunity. Process Control Systems (PCS) and 
MES are vastly different among regions in terms of functionalities and integration. Some has 
functions belong to ERP. Some has only partial functions of typical MES. For example, Asian 
plant doesn’t have existing MES. Some parts of MES are done by Material Movement System 
Daily Operating Instructions and blend program. North American plant uses Production Tracker 
(PT) as MES. Europe plant uses GESCOM as MES, which has downloading process (order, recipe 
and QM) from SAP to PCS, Uploading process (status, material consumption) from PCS to ERP, 
Optimal blend calculation etc. South American plant doesn’t have existing MES system. 

2) “To be” ERP+MII solution 
The project, a global implementation of ERP, results in a single global system, which 

provides access to global real time demand, production and cost information no more than 24 



hours refresh to assure reliably service for customers, provides an improved ability to identify and 
interpret trends, enables CO company to increasingly differ itself from its competitors by taking 
full global advantage in the delivery of products and services to customers, enable the capability to 
cost and price innovative solutions to global customers, and provide a solid IT foundation to 
support future functionality additions that will support CO’s long term strategy. 

 

Fig.9 “TO BE” IT situation in CO’s enterprise level 

“TO BE” IT situation in enterprise level can be shown as Fig. 9. The objectives are to 
consolidate older technologies and reduce annual maintenance fees, to keep long-term stability 
and reusable content throughout ERP systems, and to reduce the hand-off of information and 
failure points between technologies. The purpose of MII subprojects is to serve as MES of all four 
manufacturing plants, to provide a front end for shop-floor operators, and integrate ERP and 
existing shop-floor systems through integration technologies like XI and MII etc. Although MII 
solution was rolled out first in Asian plant as part of the scope of ERP project, the goal is to create 
a single global design to cover the business requirements of all four regions. MII connects many 
IT systems, like SAP R/3, DCS, blend program, MMS, Plant Information Management System 
(PIMS), Drumming Scheduling System, and StarLIMS. MII develops those functionalities not 
covered by ERP and requested by actual business, like optimal blend calculation, component 
manufacturing system, Weight Bridge, drums field management, drums labeling and bar coding. 
The business purposes of the ERP+MII Solution are: 
 Provide a 360 degree view of manufacturing operations: the production schedules & visibility 

to the front-line operators can be delivered real-time, then critical events of manufacturing 
execution can be easily identified, and better planning can be made and executed. Utilization 
of manufacturing assets (people, machine, etc.) can be monitored to improve operational 
effectiveness. 

 Support cultural & clinical initiatives, like lean production, 6-sigma, OEE, TPM, and 
Demand Flow, etc. 

 Radical user simplification for plants. For example operator front-end is simplified; 
automated and/or manual production confirmations are simplified. 

 Support the disconnected operation, and then improve the limited local survivability. 

3) Business scope 
Across the globe, all shop floor personnel perform the same basic business functions. Table. I 

shows a summary of the business functions and activities performed by shop floor personnel at all 
plants, which then decides MII’s technical design. 

TABLE.I BUSINESS PROCESS MAPPING BETWEEN ERP AND MII 

Business Function Activity 
Receiving Product Display Purchase Orders; Create or Cancel Goods Receipt 
Manufacturing Product Display Process Orders; Create Process Messages 



Moving Product Display Stock Transfer Orders; Create or Cancel Goods Movement; 
Create or Cancel Goods Issue 

Shipping Product Display Sales Orders; Create or Display Deliveries; Create or Cancel Goods 
Issue; Print Shipping Documents 

Plant Maintenance (PM) Work order; Time tickets; Work assignment; Component consumption 
Material Management (MM) Inventory Control; Goods Movement; Batch information; Material 

reservations; Material characteristics; Purchasing 
Production Planning (PP) Production/Process orders; Operations; Time tickets; Production Results; 

Material consumption 
Quality Management (QM) Inspection tasks; Inspection lots; Sample management; Usage decision; Test 

result recording 
Others Weight; Test Results; Recipe Information; Status Messages; Quantity 

Information 

4) Functional areas 
xMII are mainly used to develop those functional areas: Loads (Goods Issue); Unloads; 

Transfers; DOI (Digital Object Identifier)/Special Instructions; Inventory; Blending; and 
Dashboard/ KPI’s. They are described in detail below. 

a) Loads 

Loads mean Goods Issue. The plant physically loads product into vessels for outbound 
shipment or return product to a vendor. The loading is based on the Sales orders or Stock issue to 
third-party sub contractor for storage or stock transport order. Shipping documentation is always 
required for a load. A load is a separate process from an intra-plant transfer. Product can be loaded 
on top of product which already exists in the destination vessel. 

b) Unloads 

All inbound for unloading is scheduled before it can come into plant. If it is also indicated in 
DOI, MMS Instruction, and then Plant unloads is based on MMS instruction and the Purchase 
Order. The inbound drive is accompanying with the documentation, e.g. bill of loading or delivery 
orders documents before plants can accept the inbound shipments. There are four modes of 
incoming materials: ISO Tank (Tank truck), Lorry Drums, Bulk, and Container (Bags, Bins and 
Drums). The weigh bridge and warehouse contractor do the good receiving from ERP system, and 
its variance quantity will then adjusted by the finance. In-house weigh is compared with bridge 
weight according to its supply documents. All the in-bound data will store in the weight bridge 
system and upload daily into MMS. Historical data for all in-bound are stored in MMS. For 
activities payment to contractor, track the truck/ISO tanks demurrage and waste send out to third 
party for disposal. For bulk vessel in bound: we engaged the surveyor for all the tanks gauging and 
confirm the actual quantity received. For activities base payments, we pay them by each 
movement In/Out of the plant.  

c) Transfers 

The transfer activity is scheduled through the daily activity report (Excel spreadsheet). This 
document is generated by production planning and control department on the day before. Before 
the transfer begins, the shift supervisor fills in an “Instruction Sheet”, which has relevant 
information about the transfer, like: product, quantity to be transferred, source tank, and 
destination tank. This instruction sheet is then sent to the process operator for execution: 
 The current quantity on the source tank is ascertained. 
 The current quantity on the destination tank is ascertained. 
 The new quantity on the source tank is ascertained. 
 The new quantity on the destination tank is ascertained. 

The quantities are all based on manual gauging, mass flow or tank monitoring systems. After 
completion, the shift supervisor creates and completes the transfer order (document type “IT”) on 
ERP system. 

d) DOI/Special Instructions 

All blending (except drum mode) DOI are based on sales order. The DOI is issued for the 



safe and efficient operation of the blending & shipping unit, drumming, ISO-tank loading & 
discharging, ship loading & discharging, tanks transfer, process units and other activities, such as 
equipment preparation for maintenance, special sampling, system flushing for the compatibility, 
and any non-conformance product or short weigh drum recovery. View the process order list for 
specific process units and input the list, which needs to be executed, into the DCS system. The 
batch gets into production once the preceding batches are completed. 

e) Blending 

The DOI is issued for the safe and efficient operation of the blending unit. Priority of the 
specific blend products order, destination of the vessel, batch numbers, quantity and date of the 
requirements before the plant execution, the blend program is downloaded into DCS for 
production. The process steps and key component modules of the blend program are: a). ERP 
imports to blend program; b). Update product package mode; c). Blend demand; d).Upload blend 
calculation into DCS recipe. There are nine masters maintained by the blend program: Destination 
such as vessel/blend tank; Key metal; Component; Component source; Component key metal; 
Product package; Product ERP instructions; Product blend instructions; Product component. 

f) KPI’s Dashboards 

Measurement of the daily, weekly, and monthly production unit performance can be shown 
on KPI’s Dashboards. Planned & unplanned equipment’s down times attribute to the production 
delay, and measure the plants overall equipments availability, performance and quality. 
Production planner sees the alerts on his dashboard and drills down for the root causes. 

5) Benefits analysis 
After xMII solution was applied into the global chemical company, the complete value chain 

integration and visibility is achieved, and value chain agility and customer responsiveness is 
enhanced. 

The tactical benefits has made are: 
 Reduce manufacturing costs 3-5%, through enhancing manufacturing process monitoring and 

visibility. 
 Increase plant efficiencies 15-20%, through manufacturing processes optimization and its 

integration with the enterprise. 
 Increase production yields 5-8%, through proactive monitoring of manufacturing events. 
 Reduce maintenance costs 8-10%, through streamlined maintenance processes and alignment 

with manufacturing metrics. 
 Reduce asset capital investments 6-12%, through the improved asset performance and the 

greater asset reliability. 
 Reduce inventory 8-15%, through streamlining lean process enablement and reducing 

execution variability. 
 Reduce premium freight costs 10-15%, through manufacturing events integration with the 

enterprise and supply chain. 

5. Material Management Case Study of National Power Group 
With the development of Chinese market economy, MM of power plant and power enterprise 

has changed dramatically. With the help of IT technologies, such as database and Internet, the 
suitable MMS can then be developed for power enterprises to solve many existing problems and 
challenges, and to improve their management level and market competitiveness. 

Normally, one power enterprise is composed of multiple units in three tiers, i.e. power groups, 
distribution centers and power plants. For a long time, many power enterprises in China manage 
their material with very simple and traditional way. Each department of each unit can purchase its 
material separately, so any kinds of material can be purchased anytime from any vendor at any 
price and quantity, by anybody according to their own requirements and specification, which has 
caused many problems, such as the repeated and wasteful purchasing leading to overstocking, 
material quality and the occupation of funds, etc. 



National power group (NPG) is the case study customer. To strengthen and improve MM and 
fulfill the challenge demands: "Unified management, centralized purchasing, regional 
distribution". The unified MMS is developed by NPG to support its unified MM procedure on 
three tiers (Fig.10), and share accurate and real-time material information across NPG. 

 

Fig.10. Unified material management procedure on three tiers of NPG 

5.1 Technical Solution of Material Management System 
The technical solution of MMS greatly affects the whole system's availability, scalability 

security, and portability, so the solution should consider the technical architecture development 
trend, the future expansion and maintenance of MMS, must be designed and developed to meet 
the dedicated needs and specifications of MMS. So, the technical solution applies J2EE 
application server technology (Fig.11), B/S architecture with three tiers. J2EE is a fully functional, 
stable, reliable, safe and fast enterprise-class computing platform; J2EE can help us quickly build 
the distributed, scalable, portable, reliable and secure server-side configuration. J2EE is composed 
of several Java-based technologies: EJB, and Servlet/JSP, and JNDI, JTA, JDBC etc. Concretely, 
the technical solution uses the following technologies: 
 Follow J2EE specification and its B/S multi-tier architecture. 
 Object-oriented component design and integration. 
 Layer or specific data structure design. 
 Standard XML data exchange. 
 Visual and flexible control of process engine supports. 
The separate procedure management of MMS also chooses the same technical solution to assure 

MMS’s compatibility. Back-end database is ORACLE Oracle9i Server. And, MMS is designed 
and developed with component program, standard unified interface for its extensibility. The 
business process of MMS is quite complex, which can be divided into 3 tiers of management level, 
i.e. power group, distribution center, and power plant. MM functions of NPG are executed by 
MMS and online supermarket, which are described separately in detail below. 

 

Fig.11 J2EE technical architecture of MMS 



5.2 Main Functions of Material Management System 
The main functions of MMS are: system architecture, system management, customization 

management, process management, material code management, purchase plan management, 
contract management, settlement management, vendor management, bid management, warehouse 
management, inventory management, and KPI statistics management and interface management, 
etc. 

1) Purchase plan management 
Material purchase plan are related with business process and data management, including 

material purchase claim plan, material supply, material procurement and query support. 
 Materials purchase claim plan: to make initially by specific unit members and form plans 

after the approval of the department leader. Then, the procurement staff collects those plans, 
accumulates the same material from different members to form one material purchase claim 
plan of NPG. 

 Procurement plan formula: material quantity ordered = material demand claimed + inventory 
reservation of period end – inventory reservation of period beginning – available resources 
within NPG. 

 Preparation, decomposition and approval function of material purchase plans. 
 Preparation and approval function of purchase order: procurement staff prepares purchase 

order according to procurement task. 
 To track purchase order: to query material delivery time, deliver status, and arrive time of 

purchase order. 
 Preparation and approval function of sales orders. 
 To track sales orders: to query material arrival time of sales orders and material delivery and 

shipping information for sales orders. 
2) Contract management 
Managing all material purchase contracts of NPG is its responsibilities. The function includes 

basic information, contract information, contract ordering and payment, and contract document. 
Its purposes are: to realize the standard accounting of contract management and the classified 
statistics function of procurement contract; to monitor contract implementation status for suitable 
action; to close the contract after its complete execution; to provide the resource plan staff about 
the material’s expected arrival time, then the extra cash for payment can be prepared in advance to 
decrease the accounting gaps, and the overdue items can be tracked for the prompt warning. 

3) Settlement management 
Settlement is divided into three categories: the purchase material settlement; the sales materials 

settlement; supermarkets material settlement. Settlement management deals with the approval and 
management for those three settlements, provides the settlement query and statistics function, and 
tracks the settlement status, etc. 

4) Vendor management 
The vendor’s document is saved digitally in MMS, so the vendors can be evaluated with MMS 

automatically. The main function of vendor management is to monitor all vendors in their 
lifecycles, whose targets are like real-time material delivery, and purchase cost reduction, etc. 

5) Bid management 
The bidding application is extracted from the purchase order of the bidding documents. The 

bidding application is executed with the purchase order, like determining the bidding way (open, 
inviting), the material content, the bidding specifications and business specification, and the 
vendors invitation. The bidding application is submitted to the bidding organization after the 
internal approval. 

6) Warehouse management 
Storage management manages the storage detailed information of warehouse material, which is 

the business process happens most frequently in warehouse management. It mainly manage 
material quantity & quality check for acceptance, and then insert, delete, modify, approve, book 
keep, and return the storage record, print out the storage record, audit the achieved storage 



documents, and  insert the audited material storage record into the inventory account and also 
material diary. 

Material reception includes order goods reception and non-order goods reception. Non-order 
goods normally are the gift or bonus come with order goods reception. Goods are accepted for 
storage after passing the check, then to the supplier if the check fails. The accepted goods with 
order primarily are moved into a temporary storage in warehouse, then into formal storage after its 
invoice comes; the accepted goods without order is moved into formal storage directly. 
 Material usage management 

Manage the detailed usage information of warehouse material, which works only within one 
internal business unit, like power group, distribution center, or power plants. It is another business 
process occurred most frequently in warehouse management. It mainly insert, delete, modify, 
approve, book keep, and return the material usage bill, print out the material usage bill, audit the 
achieved material usage documents, and insert the audited material usage record into the inventory 
account and material diary. 
 Sales management 

Manage the detailed sales information of warehouse material. It mainly insert, delete, modify, 
approve, book keep, and return the material sales record, print out the material sales record, audit 
the achieved the material sales record, and add those audited the material sales record into the 
inventory account and material diary. 

Sales management also manages the material usage details across one unit. For example, the 
materials move from power group or distribution center to power plant or external customer; the 
material move from power plant to another power plant or external customer. 

Material sales should be a profitable process, so sales price is generally higher than its inventory 
cost price. Sale price guide can be generated automatically by MMS according to user-defined 
pre-conditions. For example, material cost, management cost, shipping cost and othe reasonable 
costs should be taken into consideration. 
 Materials transfer management 

Material transfer refers to the physical or logical migration of material for the better 
management. 
 Counting management 

Normally, inventory counting table is generated according to inventory attributes, like last 
counting date and cycle, as well as counting stock, booking, engineering projects and other 
conditions in this time. New inventory counting details can also be added in accordance with 
actual needs. The counting cycle can one year, one month, or others. For temporary inventory 
counting, counting cycle properties is not considered for generating inventory counting table. 
 Profit and loss management 

Profit and loss account can be updated after importing the updated records of material gain and 
loss table. After auditing the difference reports, the updated quantity and value record can be 
inserted into the inventory account and material diary. 
 Scarping MM 

Focuses on registration management of the scrapped material, the required modifications can be 
inserted into the corresponding inventory account and material diary. 
 Backlog MM 

There are many backlog materials existing in every unit of power group. Backlog MM collect 
the information of backlog materials, power group centrally manages those backlog materials; 
adjust each backlog material among different units of NPG and external customers for effective 
usage. 
 Central reserves management 

For effective usage of all reserve of inventories existing in distribution centers, power group 
will centrally manage them. After the centralized reserve records are reported to power group and 
distribution centers, the reasonable transfer plan of each material can be found and executed 
among internal units and external customers. 



7) Inventory Management 
The account and diary of inventory management is the concentrated reflection of inventory 

material balance and its ledger changes within an accounting cycle. 
All changes affected by business within inventory system, like stock quantity, unit price, and 

value amount, etc. which should be reflected in stock ledgers and inventory account accurately. 
Then, by querying the ledger, users can check the real-time and historic records about material 
receiving, storing and delivery within inventory system. 
 Virtual inventory management 

Virtual inventory exists in power group or distribution center, its materials are backlog 
materials of every unit and central reserves materials. So, virtual inventory can centrally manage 
and make full use of them. 
 Swap management 

With the help of virtual inventory stock, internal customer can easily find the materials existing 
in internal inventories. When internal customer wants to purchase one material, he can firstly 
apply for the internal transfer from the material owner. If the material owner accepts the transfer 
agreement, the material purchase process can be executed internally, which means the lower 
material price and the shorter purchase time. 

5.3 Key Performance Indicator of Material Management System 
With the help of KPI, MMS can execute information management and support the 

communication, coordination and organizing of the whole material business activities, like 
inspecting, monitoring, tracking and evaluating process. 

MMS should meet the business needs of power plant, distribution center and power group. Its 
decision-making should be based on statistics, classification and analysis of various data from 
different IT systems. The major KPI requirements for MM of NPG are as follows: 
 To be suitable for statistical reports analysis of collected data, and to display 

multi-dimensional analysis results. 
 To be suitable for the sensitivity analysis of supply chain management, the ultimate 

satisfaction of customers and the performance evaluation of 3 tier units of NPG. 
 The scientific KPI model meets the needs of management and business. To achieve KPI 

based management target, the overall objective of MM can be divided into quantitative, 
operational and contrastive sub-objectives. 

In particular, MM KPI of NPG is established with data reporting and extracting mechanism. 
Firstly, all data referring to indicators are centralized. Then, the analyzed results can be obtained 
with date mining & analyzing mechanism, and are shown as charts, pie charts, histograms, and 
trend flows, etc. Finally, the 3 tiers managers of NPG can obtain the comprehensive and accurate 
KPI analysis results of material planning, procurement, contract, storage, distribution and logistics 
finance in real-time, and then can make their decisions for production and management according 
to their experiences and KPI data. 

The whole KPI of NPG is divided into three different levels: 
 Top Level: KPI of power group includes macro management indicators which can be 

obtained through the specific indicators of distribution center and power plant. 
 Middle Level: KPI of distribution center can carry out all kinds of management and 

performance evaluation based on the data and preliminary analysis from power plant. 
 Bottom Level: KPI of power plant is derived from MM functions and its business flows. 

According to MM functions, all indicators are divided into four major aspects: administrative 
indicators, financial indicators, service quality indicators and operating indicators. According to 
MM business process, all indicators can be classified as planning indicators, 
purchasing/ordering/contracting indicators, storage indicators and supply chain indicators. So, all 
KPIs are classified into 16 different zones (Fig.12). Each indicator has its specific meaning, 
purpose of utilization, computing model, and data sources, etc. The KPIs was included in MMS, 
which has been applied successfully. 



 

Fig.12 KPIs classification of MMS 

5.4 Online Supermarket of National Power Group 
To become the common e-business platform for Chinese power industry, the online supermarket 

should have general MM function, efficient inventory control, standard and concise purchasing 
procedure, and complete analysis and reporting, etc. The main user’s requirements of online 
supermarket are described as below: 
 Demand side of power materials. By using computer browser or PDA, internal and external 

users or customers can login online supermarket. 
 Suppliers side of power materials. After their qualified certification is checked and approved, 

an agreement is signed, external material suppliers can login online supermarket, where their 
advertisements can be released and their products can be found and sold online. 

 Management department of online supermarket. To ensure information safety of all trade 
partners like customer and supplier, to offer the supervision of safe business transaction, and 
to provide the seamless and safe connection with NPG’s internal MMS. 

 E-bank (3rd party payment platform). It provides material buyers and sellers with secure and 
cheap online finance services around the clock, which are different from the traditional 
banking business. Besides the online payment, there are other payment ways, like COD (cash 
on delivery), bank transfer, post office remittance, and mobile-phone payment services, etc. 

 Certificate authority. It keeps the integrity of transmission information and identify the users 
with digital certificate, which is a kind of digital files issued by specific authorities and 
always be individual identity in e-business affairs. The digital certificate includes personal 
information, public key, certificate serial number and e-signature of certificate authority. 

 Distribution center. To accept the delivery application, track the delivery process, and assure 
its integrity. The deliveries can be divided into domestic distributions and international 
distributions according to destinations, COD and delivery after online paid by payment ways. 

   

Fig.13. The main functions of online supermarket       Fig.14 Online supermarket homepage 



The main functions of online supermarket are shown as Fig.13, which can connect the 
upstream customer enterprises and downstream supplier enterprises. The internal subsidiaries 
plants are main customers, so the online supermarket offers the functions like planning, ordering, 
purchasing and settlement for suppliers and manufacturers. It also offers external users like 
registered suppliers, the relevant information services, and can connect with their internal IT 
systems. Online supermarket is composed of three parts: 
 Information share platform of suppliers. It provides the member registration and 

authorization, supplier management, supply and demand information broadcasting, pricing 
service, online consulting and communication, online sell, and other related services like the 
integration with the internal MMS. 

 Purchase transaction information platform. It provides the integrated online trade services for 
power enterprise group and its upstream manufacturers, such as purchasing plans, 
cooperation plans, e-procurements, contract managements, order managements, and 
settlements, etc. After fully developed, it would be used as the comprehensive e-business 
platform to offer trading servers for power enterprise group and its upstream manufacturers, 
its upstream manufacturers and their suppliers. 

 Data exchange center. It provides data exchange services for e-business participants, 
including data exchanges between e-business and internal IT system, and data exchanges 
between e-business and external IT systems. 
Now, the online supermarket of NPG (Fig.18) is running on the homepage: 

(http://www.gdmec.net/phx/bidIndex.action). 

5.5 Result Analysis and Conclusions 
MMS (Fig.15) has been applied to NPG and its subsidiaries, including more than 100 power 

plants (Fig.16). Application results are summarized as below: 
 The “one code refers one material, one material refers one code” accuracy of MM is 

improved by about 50%, temporary coding (user codes) is declined by over 80%. The 
purchase claims for unclear purpose is cut down by about 80%. With the help of MMS, the 
purchase process is shortened by 30%. 

 MMS assures an open, transparent and standardized material procurement process; It 
acquires the relevant change information of MM, masters comprehensive, accurate and 
real-time material status understanding, and improves modernization and automation level of 
NPG’s MM. 

 MM of NPG is unified to control material purchase cost, project cost and operation cost, and 
improve the overall efficiency of NPG. 

 The usability of MMS is accepted by end users from more than 100 units of NPG. The good 
results and achievements are praised by SASAC officer: “By referring large commercial 
chain’s operation experience, NPG realizes the online supermarket operation mode and ’Zero 
inventories‘ of general materials, saves the reserved capital about 390 million RMB Yuan 
annually.” 

    

Fig.15 MMS user interface of NPG                                      Fig.16 NPG’s unit distribution 



6. Development Trend of Material Management 
MM is the engine that drives its Supply Chain and Logistics of manufacturing enterprises or 

other organizations. With the economy development and technical progress, Logistics will be 
transformed from 3PL continuously to 4PL and 5PL, and many manufacturers are transforming 
from Mass Production to Mass Customization and continuously to Social Manufacturing. So, MM 
should continuously apply the latest ICT & intelligent technologies or systems, like Barcode, 
RFID, IoT, GPS, Cloud Computing, Big data, and Parallel Control and Management, etc. Then, 
MM can realize its transformation and upgrade coordinately with its Supply Chain and Logistics. 
For examples, artificial system can be developed to improve the safety and reliability of power 
plants. Complex network can be applied for the vulnerability identification in Smart Power Grid. 
The latest cloud computing is introduced to enhance power distribution network management. 

6.1 Logistics upgrade to 4PLs 
Fourth-Party Logistics (4PL) is a modern logistics operation mode, which originally 

introduced by Accenture in 1998. 4PL is the emerging industry (blue ocean strategy) of advisory 
firms to design specifically for 1PL, 2PL and 3PL to provide new services, such as: logistics 
planning, consulting, logistics, information systems, supply chain management and other 
activities. 4PL will provide an integrated logistics for the logistics industry, including finance, 
insurance, logistics and distribution arrangements. So, 4PL’s main aim is to realize the logistics 
information sharing and make full use of the social logistics resources and realize the optimism 
operation of the logistics enterprises. 

The main difference between 3PL and 4PL: 3PL is only mere provision of logistics services; 
4PL also can assist in import and export tariffs, collection and other functions. 4PL is the logistics 
system designer, integrator and operator. For example, Accenture consulting company is 4PL 
operator, who does not actually participate in the specific logistics operations, and mainly 
provides software and planning, consulting, logistics information systems, supply chain 
management, and other services for 1PL, 2PL and 3PL companies. 

4PL is a SCM provider, who provides the totally integration SCM solution for the customers: 
 To manage and direct the activities of multiple 3PLs, serving as an integrator. 
 To refinement on the idea of 3PLs. 
 4PLs are not asset based like 3PLs. 
 To assemble and manage the resources, capabilities, and technology of its own organization 

and other organizations to design, build and run comprehensive supply chain solutions. 

 

Fig.17 4PL's basic operating mode 

4PL's basic operating modes (Fig.17. Zhiyong Yang 2014) are: Cooperative operation mode; 
Integration operation mode; Industry cluster innovation operation mode; and Dynamic alliance 
operation model. Cooperative operation mode: Customer-oriented supply chain outsourcing, 
where the strategic capacity, supply chain management, IT and project management of 4PL can be 
realized through specific 3PL implementations; Integration operation mode: as a leader and hub, 
4PL integrates the resources of multiple service providers into the dedicated logistics solution for 
one important customer; Industry cluster innovation operation mode: according to the specific 



requirements of specific industry, the mode leads the industry-wide supply chain innovation and 
upgrade of specific industry, integrates the industry-wide supply chain functions, and makes the 
best interests and benefits of the entire industry; Dynamic alliance operation mode: with the strong 
support of powerful 4PL IT platform, those independent service providers can be assembled into 
the supply chain management strategy alliance at one period for the dedicated purpose. The 
alliance’s composition and dissolution depends on the major market opportunities and 
disappearances. 

 

6.2 Logistics upgrade to 5PLs 
In the beginning of 21st century, United States Morgan Stanley first-ever created 5PL 

concepts, and describes the pyramid map from 1PL to 5PL. During the evolution process from 
1PL to 5PL, the logistics service providers have less and less physical assets, the capacity of data 
and information processing and usage increases, so it can realize the collaboration and 
optimization of the logistics and the supply chain better and better. 

In summary, 5PL is logistics service providers, which provide customers with new 
collaborative supply chain services, system integration & optimization. Logistics organization set 
up the integrated linkage mechanisms to achieve the optimization of logistics system; By using 
logistics technologies, like e-commerce, Internet, and IT, an integrated supply chain can be 
established; By using information system, logistics operation executes the overall coordination, 
optimization and implementation of the logistics solutions; logistics service assemblies the 
portfolio members for the logistics optimization of supply chain. 5PL service factors and products 
are shown as Fig. 18 (Shufeng Wang, 2014). 

 

Fig.18 5PL service factors and products 

The main difference between 4PL and 5PL: 4PL involves in the actual operation, and the 
logistics information system can realize the integrated optimization of a single supply chain. The 
greatest advantages of 5PL are the supply chain logistics information and resources and their 
integrated management model. 5PL does not actually run the specific activities of the logistics 
operation, mainly provide value-added service activities, such as logistics information platform, 
supply chain logistics system optimization, supply chain integration, and supply chain capital 
operation. For example, the standardized logistics information systems of multiple supply chains 
help to achieve the integrated optimization. Possibly, 5PL can achieve the characteristics or 
benefits as below: 
 Integrated Operation. To meet customer service needs, IT helps 5PL to link every phases of 

the supply chain of the customer cluster, to place the platform system into the customer's 
actual operations, and to collect real-time information by using the tracking, monitoring, 
assessment and rapid feedback of logistics operational information. 

 Standardized Product Categories. The systematic convergence through benchmarking can 
help the realization. 

 Customization market. Accurate market positioning can be found by logistics planning 



technology and system, through a combination of qualitative and quantitative analysis 
methods. 

 IT supported services. By strategic design, a multi-interface, multi-user and trans-regional 
logistics service platform can be built up, where the service system can provides a variety of 
service combinations for every customer anytime. 

7. Conclusions 
The business and functional requirements of MM are from their Logistics and Supply Chain. 

The most important technical supports of MM are the latest ICT & intelligent technologies or 
systems. In the future, Logistics will upgrade from 3PL to 4PL and 5PL, and the upgrade of MM 
and Logistics Management will get support from intelligent technologies and systems, like IoT, 
GPS, Cloud Computing, Big data, Parallel Control and Management Systems. 
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