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Abstract Efficientinventory management is an important component of enterprises’
green growth model. By reducing the inventory levels and inventory costs and less-
ening resource waste, enterprises can efficiently achieve green growth. To realize
green transformation, enterprises need to form a closed-loop system from product
design to resource recovery and utilization and then implement the coordination of
“green’ and “growth”. Therefore, inventory management and control in a closed-loop
system plays an important role in the green growth model and value chain recon-
struction. Demand information mutation or the bullwhip effect of the supply chain is
one of the important reasons for a high inventory level. It refers to the transmission
of the market demand information from the downstream retailer to the upstream
supplier throughout the value chain in the course of the fluctuation and variation.
The bullwhip effect will cause higher inventory levels and inventory costs for the
supplier. And the demand information distortion increases the risk of production and
inventory management for upstream suppliers in the value chain and even can lead
to the disruption of production and supply. To efficiently achieve the green growth
of enterprises through efficient inventory management, this chapter focuses on the
impact of the product return, remanufacturing, and different value chain structures
on the bullwhip effect and inventory costs based on statistical theory and methods.
We analyze the coordinated control measures of the bullwhip effect under different
scenarios to lower the inventory levels and inventory costs of the enterprises. The
analysis will help enterprises better achieve the green growth model and the green
transformation of the value chain.
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11.1 Inventory Management and Enterprises’ Green
Growth Model

11.1.1 Concept of Inventory Management

Inventory management, also known as inventory control, is to manage and control
the finished products and other resources in the whole process of production and
operation in the manufacturing or service industry. The aim of inventory management
is to keep the reserves at an economically reasonable level. Inventory management
includes two parts: warehouse management and inventory control. The content of
warehouse management refers to the scientific storage of stock materials to reduce
losses and facilitate access. Inventory control is required to control a reasonable
inventory level. A reasonable inventory level should meet the demand use and reduce
the stock loss through the minimum input of materials and the lowest overhead.
The content of the inventory management includes materials in and out of storage,
the movement management of materials, inventory checking and the information
analysis of inventory materials.

The objective of inventory management is to control the operation costs of the
inventory system by adjusting the timing and quantity of replenishment. The target is
to determine the optimal replenishment time and the optimal replenishment batch to
minimize the operation costs of the inventory system. Effective inventory manage-
ment can improve service levels, reduce the occupancy of inventory space, and
decrease overall inventory costs. It will rationalize the allocation of stock capital and
resources and accelerate the capital turnover of enterprises. A reasonable inventory
mode or inventory management mode can help enterprises achieve more effective
inventory control. How to balance the inventory level and the demand quantity is the
key problem to be studied and solved by inventory management. Enterprises should
minimize the inventory costs and the inventory levels on the premise of achieving the
service levels expected by customers by selecting the reasonable inventory mode. The
inventory mode includes various inventory management strategies, storage strategies
and stock classification methods [1, 2], as shown in Table 11.1.

11.1.2 Inventory Management for Green Growth

The goal of inventory management under enterprises’ green growth model is to reduce
inventory levels and inventory costs and realize resource savings. The realization
methods include the zero inventory strategy and the cross-dock operation. The zero
inventory strategy refers to purchasing through a just-in-time system, which means
enterprises will purchase goods in accordance with the required quantity and quality
to achieve zero inventory. The strategy can reduce inventory holding capital, decrease
inventory management costs and timely avoid market risks. The cross-dock operation
means that the finished vehicle goods provided by each supplier are not put into the
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Table 11.1 The definition and classification of inventory mode

Inventory mode

Classification

Definition

Inventory management strategy

Just-in-time

It refers an inventory management
strategy where enterprises will
purchase goods in accordance with
the required quantity and quality to
achieve zero inventory [1]

Lateral transfer

It is an inventory management
strategy where distributors or
retailers at the same horizon of the
supply chain share inventory with
each other. It means the player with
insufficient stock can require the
player with rich stock to laterally
transfer [2]

Vendor managed inventory

It is an inventory management
strategy where the manufacturers or
retailers hand over the inventory to
suppliers to reduce costs and
improve service levels [3]

Jointly managed inventory

It is an inventory management
strategy developed on the VMI,
which balances power and
responsibility and shares risks
between upstream and downstream
enterprises. It emphasizes that both
sides should participate in making
the inventory plan together [4]

Storage strategy

Fixed quantity ordering system

It generally refers to the storage
strategy of deriving the ordering
alarming points and quantities
through formula calculation or
experience, whenever the inventory
level drops to the alarming points

[5]

Fixed period ordering system

It refers to the storage strategy of
replenishing orders at fixed
intervals to bring the inventory up
to a certain level [6]

Stock classification method

ABC control method

It refers to the quantitative
management method where the
management style is differentially
adopted to grasp the main
contradictions and distinguish
between the key and general
materials, carry out statistics,
arrangement, and analysis [7]. The
method uses mathematical statistics
to make statistics, arrangement, and
analysis according to the main
characteristics of the economy,
technology, etc.

(continued)
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Table 11.1 (continued)

Inventory mode Classification Definition

Critical value analysis It refers to a classification method
of dividing supplies into 3-5
categories and adopting different
inventory methods for each type of
material, according to the criticality
of materials for the enterprise
management [8]

warehouse after receipt but are immediately disassembled, sorted, stacked, loaded,
and delivered to the customer delivery point according to the customer demand and
the delivery location. All goods in cross-docking are kept out of the storage space of
the warehouse. Overstock operations are especially suitable for the rapid processing
of urgent orders and retailers directly delivering to customers. In the cross-dock
operation, goods flow through a warehouse or distribution center rather than being
stored. Through the strategy of cross-dock operations, the inventory levels can be
greatly reduced to decrease the inventory management costs and the loss rate and
speed up capital turnover. Efficient inventory management can lower the inventory
levels and inventory costs and reduce the waste of resources to better realize the
green growth of enterprises. Promoting a zero inventory strategy or low inventory
strategies of nodal enterprises in the value chain including manufacturers, distributors
and distribution centers, is an important component of implementing a green growth
model. It plays an important role in realizing green growth.

The green growth of enterprises needs to effectively deal with the new require-
ments of inventory management in the value chain, the environmental issues with
stock and the energy reuse problem in inventory control. The green value chain is
a low entropy manufacturing mode to achieve the lowest harm of the raw mate-
rials, industrial production, product use, scrapping and secondary raw material on
the environment. It is devoted to realize the highest resource efficiency in the whole
life cycle from designing, manufacturing, and using to product scrapping and recy-
cling. The green value chain considers the environmental attributes of products from
the point of view of system integration in the whole life cycle of products and can
change the original environmental protection method of end processing. It aims at
environmental protection from the source and considers the basic attributes of the
product. The product meeting the requirements of environmental objectives at the
same time can ensure that the product should have basic performance, service life
and quality. Achieving green growth requires enterprises to further reduce resource
waste and lower inventory levels and costs. It indicates that a reasonable inventory
management mode has important environmental and economic significance.

Inventory management for enterprises’ green growth model forms a closed-loop
system to reduce pollution emissions and waste residues. The closed-loop system
includes recycling and remanufacturing activities besides the processes of traditional
procurement, production, and marketing. The green value chain requires enterprises
to realize closed-loop management to achieve the efficient reuse of resources. It can
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be implemented through the complete supply chain cycle, from procurement, produc-
tion, sales, and recycling to remanufacturing. Simultaneously, it is of great signifi-
cance for the sustainable development of enterprises to provide services for customers
at a lower cost and form effective closed-loop management. Inventory management
is an important component of activities in reverse logistics and plays an important
role in the transformation of the green value chain. Producers in green value chains
must meet consumer demand for products and accept the recycling of used prod-
ucts. Manufacturers can order raw materials from outside to make finished products
and reproduce products by repairing recycled products. The inventory management
of the green value chain needs to coordinate the relationship between ordering and
remanufacturing to achieve the established service level at the lowest cost. Inventory
control can reduce resource waste and improve operational efficiency, which plays
an important role in optimizing the green value chain.

11.2 Inventory Management and Bullwhip Effect

11.2.1 Bullwhip Effect

The bullwhip effect refers to the phenomenon of amplified demand information
disturbance throughout the supply chain when each nodal enterprise makes the order
decision only according to the demand data of adjacent subordinate enterprises. The
bullwhip effect will result in damage to the interests of companies, inventory backlog,
occupancy of capital and disrupted operation schedules [9-13]. Forrester [14] first
proposed the amplification effect of demand information and proved its existence
through system dynamics simulation modeling. The analysis put forward that the
main reason for the bullwhip effect is irrational decisions among organizational
subjects in supply chains, which leads to a distorted transmission of demand infor-
mation among upstream node enterprises. Burbidge [15] observed that the bullwhip
effect is generated from the isolated decision-making, management and implementa-
tion of enterprises and analyzed the causes of demand information variation and the
restraining measures. Sterman [16] proved that the bullwhip effect is caused by the
irrational behaviors of participants in the supply chain and the incorrect judgment of
feedback information. Information volatility in the value chain can be controlled by
cultivating managers’ systematic thinking. An important milestone in the field of the
bullwhip effect is in Lee et al. [11-13], who made a systematic quantitative analysis
of demand information distortion for the first time. The analysis indicated that the
main causes of the bullwhip effect are batching order, price fluctuation, shortage
gaming and demand signal processing.

The restraining and coordinating measures of the bullwhip effect mainly include
information sharing, stable price control, limited supply, shortening lead time, accu-
rate forecasting technology, adjusting ordering strategy and so on. Information
sharing: The bullwhip effect is essentially the distortion and disturbance of market
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information and demand data throughout the supply chain. The bullwhip effect can
be effectively restrained by encouraging nodal enterprises in the supply chain to
strengthen cooperation and share demand and inventory information. In addition, the
management model integrating modern information technology is widely applied in
the supply chain, which has a significant effect on reducing the inventory backlog
and smoothing the information fluctuation in the supply chain. Stable price control:
Consumers’ prediction of future prices and their purchase behavior in advance will
result in a bullwhip effect. The corresponding solution is to appropriately reduce the
frequency and amplitude of product discounts and maintain price stability. Limited
supply: Shortage gaming between downstream retailers and upstream suppliers is
another important cause of the bullwhip effect. The game behavior in ordering can
be restrained by suppliers adopting a reasonable allocation mechanism to limit the
supply quantity. Shortening lead time: Chen et al. [17] proved that the lead time
between organizational entities in the supply chain would amplify the bullwhip effect.
Promoting the negotiation between downstream retailers and upstream suppliers
and formulating an appropriate lead time can coordinate information variation in
the supply chain. Accurate forecasting techniques and adjusting ordering strate-
gies: Encouraging enterprises in the supply chain to select the optimal forecasting
method and inventory strategy can reduce the forecasting error and the expected cost.
The minimum mean square error prediction technique and the order-up-to inventory
policy are widely adopted to effectively mitigate the information distortion in the
supply chain [18]. However, the above measures can suppress the bullwhip effect
only to a certain extent and cannot completely eliminate the fluctuation of order
information in the supply chain. In particular, with the development of modern infor-
mation technology and the emergence of new business models, the market environ-
ment, supply chain structure, and interaction of logistics and information flow in a
supply chain will become more complex. How to coordinate the bullwhip effect in
complex supply chain contexts has significant research value.

11.2.2 Bullwhip Effect and Inventory Management

By restraining the bullwhip effect, enterprises can reduce inventory levels and inven-
tory costs to achieve more effective inventory management and control. The bullwhip
effect of the supply chain will directly lead to inventory overstocking and misleading
production plans for upstream enterprises, increase inventory costs and reduce the
efficiency of the supply chain. Therefore, coordinated control measures should be
adopted to restrain the bullwhip effect in the supply chain. When suppliers at all
levels of the supply chain make supply decisions based only on the demand informa-
tion from their neighboring subvendors, the distortion of demand information trans-
fers upstream throughout the supply chain. When the distorted ordering information
reaches the source supplier, such as the general seller or the manufacturer, there will
be a huge deviation between the obtained demand information and the customer
demand information. The coefficient of variation of demand is much larger than that
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of distributors and retailers. As a result of the demand amplification effect, upstream
suppliers tend to maintain higher inventory levels than downstream retailers to cope
with the uncertainty of orders. Thus, it artificially increases the risks of upstream
suppliers in the supply chain and even leads to the distortion of production, supply
and marketing.

Reasonable inventory management strategies also can reduce the bullwhip effect
in supply chains. Different inventory strategies will have significant impacts on
demand information mutation. The bullwhip effect of manufacturers and retailers
can be minimized by adopting optimal inventory strategies. In the research field
of the bullwhip effect, the widely used inventory strategies include the order-up-to
inventory policy, (s, Q) policy and (s, S) policy. Therefore, the order-up-to inventory
policy is widely used in supply chain analysis, has been proven to be a locally optimal
inventory strategy, and can minimize the total discounted holding and shortage costs
[11]. Order-up-to inventory policy: The retailer sets the corresponding order-up-to
level according to the expected lead-time demand of consumers and places orders to
upstream suppliers according to the order-up-to level and the actual inventory level
in each period. In addition, each node enterprise in the supply chain independently
manages inventory and sets inventory control targets and corresponding strategies.
A lack of information communication and exclusive inventory information between
each other will inevitably produce demand information distortion and time delays.
Thus, suppliers cannot meet market demand quickly and accurately. The vendor
managed inventory (VMI) policy can effectively mitigate the bullwhip effects of
enterprises. Suppliers should make accurate predictions of demand according to real-
time sales data, determine order quantity more accurately and reduce the uncertainty
of prediction, thus decreasing the safety inventory and supply costs. At the same
time, the VMI policy allows suppliers to respond to the user demand more quickly,
improve the service level, and effectively lower the inventory level. The VMI policy
promotes the sharing of information about enterprises in the supply chain so that the
bullwhip effect can be inhibited significantly.

In summary, the coordinated control of the bullwhip effect can reduce the inventory
levels and inventory costs in the supply chain, thus achieving more effective inven-
tory management. However, adopting a reasonable inventory management strategy
can mitigate the bullwhip effect. Therefore, it plays an important role in realizing
the green growth of enterprises to reduce inventory costs and resource waste by
restraining the bullwhip effect.

11.3 Bullwhip Effect in Green Value Chain

The green value chain realizes the circular and efficient utilization of resources by
establishing a closed-loop system from procurement to resource recovery. In addition
to the activities of the traditional supply chain, the recycling, remanufacturing and
distribution of recycled products also should be considered [19]. The processes of
product recovery and remanufacturing in reverse logistics supplement the traditional
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supply chain [20]. The inventory control and management of the value chain is an
important component of all reverse activities. The coordinated control of the bullwhip
effect in the value chain can decrease inventory costs and inventory levels, reduce
enterprise resource waste, and improve operation efficiency. It plays an important
role in optimizing the green value chain.

For environmental protection and resource conservation, most of the research on
the bullwhip effect in the value chain mainly focuses on the recovery and reuse of
products. Product return in the value chain will directly affect the retailer’s inven-
tory levels and ordering decisions, thus affecting the retailer’s ordering information
transfer to upstream suppliers and the bullwhip effect. The bullwhip effect in tradi-
tional offline retail has been extensively studied. Scholars have proven that product
return in the value chain can restrain the bullwhip effect and improve the operation
efficiency through statistics, simulation, and empirical research methods [21, 22].
The process of reverse logistics in the green value chain mainly includes product
recovery, product return and exchange, reuse, and remanufacturing. Therefore, the
bullwhip effect in the green value chain is mainly focused on product recycling and
remanufacturing. Based on statistical theories and methods, this chapter focuses on
the impact of new factors, such as product return, remanufacturing and different value
chain structures, on bullwhip effects and their coordination strategies. We establish
the demand function and the ordering model based on the characteristics of the green
value chain. Then, we study the bullwhip effect and the expected cost of retailers
under different value chain scenarios, and analyze the impact of product return on
value chain performance [23-30].

We measure the impacts of different retail policies on the bullwhip effect and
inventory costs. The research design is as follows:

(1) Build aclosed-loop supply chain system network by comparing the differences
with the traditional supply chain. The supply chain system is usually composed
of three or more parties, such as manufacturers, remanufacturers, retailers,
logistics service providers and consumers. Identify the interaction relationships
and the transmission processes of logistics and information flow among the
organization subjects in the supply chain system.

(2) Determine the market demand process, which will directly affect the retailer’s
ordering decision and the bullwhip effect of the closed-loop supply chain.
Constructing the demand function depends on the supply chain complexity,
market environment and research objectives. The demand function in bull-
whip modeling is more complicated due to the drastic fluctuation of demand
information in the retail market and the complexity of the supply chain. Select
the optimal demand forecasting technology and inventory strategy to make the
retailer’s order decision based on the market demand information. Different
forecasting techniques will lead to different forecasting accuracies. Meanwhile,
different inventory strategies also will have significant impacts on ordering
decisions. Therefore, adopting the optimal forecasting method and inventory
strategy plays an important role in suppressing information distortion. When
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modeling the bullwhip effect, the minimum mean square error prediction tech-
nique and order-up-to inventory strategy are widely identified as the optimal
demand forecasting technique and inventory strategy, respectively. Quantify
the bullwhip effect and the expected cost of the retailer according to the ordering
decisions in different supply chain contexts. The quantitative expression of the
bullwhip effect is derived as the ratio or the difference between the order vari-
ance and the demand variance. To simplify its quantitative expression, scholars
usually directly adopt the order variance as a substitute. In addition, the bull-
whip effect usually leads to inventory overstocking of upstream suppliers, thus
increasing the inventory costs. Therefore, analyzing the bullwhip effect and
inventory costs are mutually reinforcing in measuring information fluctuation
in the supply chain.

Make simulations and sensitivity analyses according to the bullwhip effect
and expected costs of the supply chain. Measure the impacts of parameters in
the supply chain on the information fluctuation, such as the replenishment lead
time, delivery lead time, return lead time and return rate, etc. Draw the research
conclusions and the management enlightenment based on the analytical results.

The parameters of the models in this chapter are shown in Table 11.2:
Considering a closed-loop supply chain with a manufacturer, a remanufacturer, a

logistics center and a retailer, the external demand of a single product is expressed
in Eq. 11.1:

Table 11.2 Notations of
parameters

Parameter | Definition Parameter | Definition
(o Expected cost M; Remanufacture
quantity
DtL Lead-time demand | P Unit penalty cost
ﬁ[L Prediction of D: Market price
lead-time demand
d; Demand qr Order quantity
c?, Prediction of Vi Order-up-to level
demand
H Unit holding cost | Z Safety factor
I; inventory level &t Demand
disturbance term
K Historical 6k Demand
observation period forecasting error
L Lead time of X The standard
manufacturer deviation
L, Lead time of 03 Variance of
remanufacturer demand
L, Random lead time 0(12 Order quantity
variance

l Return lead time | BWE Bullwhip effect
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Lead time of manufacturer L

Manufacturer Retailer »| Customer
I
| __» Forward logistics
Lead time of remanufacturer [, < Reverse logistics
E v
Remanufacturer ]1 LC

Return lead time [/

Fig. 11.1 The closed-loop supply chain network with product return
d=pn+¢g (11.1)

where u is the constant term of the market demand and ¢; N (O, 02) is the demand
shock, an independently and normally distributed random variable. In addition, the
inappreciable probability of negative demand is due to a large constant term of
demand.

Consider a green value chain system for recycling and remanufacturing, as shown
in Fig. 11.1. The total lead time in the reverse logistics in Fig. 11.1 is defined as the
indirect return period. Thereinto, L, is the lead time of the remanufacturer and / is
the return lead time of the consumers, which refers to the delivery lead time from the
consumers to the remanufacturer. Since there is only one return channel, both intact
and defective products will be delivered to the remanufacturer by the logistics center.
Then, after [ periods, the remanufacturer receives the total returned products from
the consumers. The remanufacturer receives the returned products from the logistics
center as 7y 1:

rig=01di—i—1 + i (11.2)

where 0 < 6, < 1 is the defective rate, and ¢,; N(0,07) is the random distur-
bance, an independently and normally distributed random variable. Assume that
shock term ¢&; ;| has no relation with market demand d,. Then, the covariance is zero
as Cov(dt, ;,f,l) =0, (Vt, t’).

This research adopts the assumption that the time delay of the remanufacturing
process is neglected to simplify the supply chain model. When a remanufacturer
receives defective returns r, | at period ¢ to undergo the remanufacturing process, the
actual output in the remanufacturing process will be M;:

M, =&ra+a (11.3)
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where & is the average yield rate of the remanufacturer and ¢, N(0,07) is the
random term irrelevant with the demand shock. Therefore, we obtain the covariance
Cov (gt, r,r,l) =0, (Vt, Vt’). The total quantity delivered by the remanufacturer to
the retailer M,, the remanufacturing lead time L, and the manufacturing lead time
L are well known by the retailer. The remanufacturer informs the retailer as soon as
the remanufacturing process is finished. Thus, there is no asymmetric information
between the remanufacturer and the retailer. The reproduced items are then sent into
the retailer’s stock to partially satisfy the market demand supposing that those repro-
duced products function as well as new products. Therefore, the returned products
received by the retailer in period ¢ are r;:

ry = Mt—L, = Srt—L,.l + Gr-1L, (11.4)

To derive the order-up-to level, retailers need to use forecasting techniques to
predict the mean lead-time demand. The three most commonly used forecasting
techniques in bullwhip modeling are minimum mean square error (MMSE), moving
average (MA) and exponential smoothing (ES). Among them, MMSE has the
smallest error. The MMSE is provided by the conditional expectation given to
previous observations and is considered an optimal forecasting procedure that mini-
mizes the mean-squared forecasting error. Thus, this paper uses the MMSE fore-
casting technique and the order-up-to policy to analyze the bullwhip effect in the
value chain. It will be conducive to comparative analysis of the bullwhip effect and
expected costs under different value chain scenarios and thus not affected by different
inventory strategies and forecasting techniques in the value chain. We suppose that
the retailer in the value chain has adopted the optimal inventory policy and the optimal
forecasting technique [11]. Accordingly, the prediction of the market demand c?,Jr,-
is c?t+,- = E(d;4i|d;—1) made at the end of period ¢ — 1. L is the manufacturing lead
time or the retailer’s replenishment lead time, and the estimated lead-time demand
during [¢, t + L) is:

L-1 L-1
Df =) dui=Lu+) e (11.5)
i=0 i=0

We adopt the following sequence of events during the replenishment period. The
retailer observes consumer demand d;_; and return data r,_; at the end of period
t — 1, calculates the order-up-to level y,, and then places an order of quantity g,
to the manufacturer at the beginning of period ¢ according to its current inventory
level. After lead time L, the retailer receives the product from the manufacturer at
the beginning of period ¢ + L.

The order-up-to policy is one of the most widely studied policies of supply chain
models. When demands are stationary, resupply is infinite, product purchase cost is
stationary, and there is no fixed order cost, the order-up-to policy is considered as
the locally optimal inventory policy. The policy can minimize the total discounted
holding and shortage costs [11]. Assuming that the retailer adopts the order-up-to
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inventory policy, the ordering decision is as follows:

g =y — (V-1 —di—1) (11.6)

The order-up-to level consists of an anticipation stock that is retained to meet
the expected lead-time demand and a safety stock for hedging against unexpected
demand. Therefore, the order-up-to level is updated in every period according to the
following:

yi = DE 4 z6F (11.7)

where ﬁlL is the lead-time demand equal to the sum of the demands of L periods,
z is a constant that has been set to meet a desired service level and is often referred
to as the safety factor, and the estimate of the standard deviation of the L period

forecasting error is 6F = | Var (DtL - ﬁf)

In a traditional supply chain without product returns, the retailer’s ordering deci-
sionis ¢; = y; — (y;—1 — d,—1) with the order-up-to replenishment policy. However,
in a green value chain, items returned from the remanufacturer can partly satisfy
the actual demand of the retailer, assuming that the remanufactured products func-
tion as well as new products. Thus, the practical lead-time demand should be the
total demand short of the total return quantity, as ﬁ,L - IétL. Therefore, the actual
order-up-to level of the green value chain is:

yi = DF — RF 4 z6F (11.8)

where ﬁlL =LK (Z[LZ_O] d,+,~) is a prediction of lead-time demand during the

time interval [¢,7 + L), and IétL = FE (ZlL:_Ol r,+,~) is an estimate of the total

return quantity of L periods from the remanufacturer during interval [¢, ¢ + L).

ok = \/Var<<D,L — ﬁf) - (R,L — Iéf)) is the prediction for the standard devi-

ation of the forecasting error during L periods. In addition, z = ®~![P/P + H] is
a safety factor with the standard normal distribution & [11, 13]. P and H denote
the penalty and holding costs of the retailer, respectively. Accordingly, the ordering
decision of the retailer in period ¢ is:

qr =Y — V-1 — (di—1 — 11-1)) (11.9)

where r,_; is the return volume received by the retailer at r — 1.
Substituting (11.8) into (11.9), the ordering level of the retailer is rewritten as:
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g = DL — DL, — (Rf - R,{l) tdy—r+2(6F—6L)  (11.10)

Apparently, because the total return quantity of L periods RE is different in
different value chain contexts, the expected costs of the retailer also are different.
When the manufacturing lead time is larger than that of the remanufacturer, the
product returns contain unknown information that needs to be estimated and consid-
ered in the ordering decisions for the retailer. The estimate of the total return quantity
of the retailer during [¢, ¢ + L) is:

L—1 L, L—L,—1
R = E(ZrH_i) = E(Z M,_i> + E( Z M,+,~> (A1.11)
i=0 i=1 i=0

When L > L,, the total return quantity from the remanufacturer during periods
[t,¢ + L) includes the remanufactured quantity Zfz’l M;_; and the future yield
ZiLZ_OL"_l M, ;. Because ZiLz’l M,_; is the known information, we have:

L, L,
E(ZM,_,) = ZM,_,- (11.12)
i=1 i=1

In addition, the retailer has to forecast the future returns from the remanufacturer
during [#, ¢t + L):

L—L,—1 L—L,—1 L—L,—1 L—L,—1
Yo Mui=05 Y diia+E Y Gwnt ) g (IL13)
i=0 i=0 i=0 i=0

The expect of future return from the remanufacturer during (¢, r + L) is:

L—1,—1 -
) _ 6 S i, I>L—-L,—1
E| Y Mui|= 1
P OEY i odipicin +0E(L—L,—1—Dpu, L—L,—1>1

(11.14)
‘When the lead time of the manufacturer is smaller than that of the remanufacturer,

which means L < L,, the total return quantity of L periods of retailer R is known
information. The estimate of the total return quantity during [¢, ¢ 4+ L) is:

L—1 L,
I’étL = E(er-‘ri) = Z Ml‘—i (1115)

i=0 i=L,—L+1

Because ZILZ . —1+1 M;—; is known information, the estimate of the output is:
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L, L,
E( Z M,,) - Z M, (11.16)
i=L,—L+1 i=L,—L+1

Thus, the prediction error of total return quantity under different value chain
scenarios can be expressed as follows:

RF — Rf
D ey 41,+1+Z_0 *g,Lﬂ o L>LeAl=L—Ly—1
9152, ,H erpict1 TEX T i+ 2 i L> LeaL—L =11 (11.17)
0, L=<L,

Therefore, the differences in estimated total returns at period ¢ and period ¢ — 1
are expressed as:

5L pL
Rt - Rr—l
My =M1, +6:8(drsr—1,-1-2 —d——2), L> L, Al 2L =L, — 1
= \M_1— M1 +0&di—1 —di_12), L>L, ANL-L,—1>1
Miyyp—p,—-1 —M;_p, 1, L<L,

(11.18)

Lemma 11.1 Variances of the forecasting error of lead-time demand in two return
modes and policies under different business contexts remain constant.

Proof:

When L > L, Al>L—L, —1AIl > L — 1, variances of the forecasting error of
lead-time demand are:

L—-L,—1 L—-L,—1
( — Var (Z 8t+z E Z §f+l 1 — Z §t+1)
=Lo*+ (L — L,)szag + (L — L,)ag (11.19)

WhenL > L, AL—-L, —1>1AL—1 > I, variances of the forecasting error
of lead-time demand are:

) L1 L—L,—1-2 L—L,-1 L-1,-1
(6F)" = Var (Z Eiti — (915 Z Eivi T§ Z Srvit + Z §t+i>)
i=0 i=0 i=0 i=0

L—L,—I-2 L—1,—2 -1
(1—-06:%) E Er4i + E Er4i + E Erti
i=0 i=L-L,—I-1 i=L—1—1
= Var
L—L,—1 L—L,—1

—& Z Srtinl — Z Cr+i
i=0

i=0
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=(L—-L)&0, +(L— Lo+ (1 —0,§)*L - L, —1—1)o’
+ (L, +1—=1)o?+ ) + Do? (11.20)

When L > L, AL—L,—1>1Al > L — 1, variances of the forecasting error
of lead-time demand are:

L-1 L—L,—1-2 L—L,—1 L—L,—1
(&zL)Z = Var <Z Erti — (915 Z i +§ Z Siin + Z §z+i>)
i=0 i=0 i=0 i=0

L—-L,—1-2 L—1
=Var<(1—els) Yoo et Y, e
i=0 i=L—L,—I—1

L—L,—1 L—L,—1
—& E Citil — E Grti
i=0 i=0

= (L~ Lg% + (L = Lo} + (1 =6, (L — L, =1 = Do®
+ (L, + 1+ 1)o? (11.21)

When L > L, Al >L—L,—1AL—1 > [, variances of the forecasting error
of lead-time demand are:

L—-L,—1 L—-L,—1
( = Var <Z Eryi — ‘i: Z é‘f-’rl 1 — Z gt-‘rt)
L—I;— L—-L,—1 L—-L,—1
= Var( Z Etti + Z i — ";: Z §t+l 1= Z §t+1)

i=L—I;—1
= Lo’ + (L — L,)§%0; + (L — L,)o; (11.22)

When L < L, Al > L — 1, variances of the forecasting error of lead-time
demand are:

L—1
(&f‘)z = Var (Z 8,+i>
i=0
= Lo? (11.23)

When L
demand are:

IA

L, NL —1 > I, variances of the forecasting error of lead-time

-1
(6,L)2 = Var (Z st+i>
i=0

= Lo’ (11.24)
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Lemma 11.1 proves that 6/ = 6%, (Vt, t'). Substituting (11.5) and (11.18) into
(11.10), the ordering quantity of the retailer in period ¢ is derived as:

di1—018diyp1, 12
— &G 11— 61,
g=10-6&d 1 —-EG 11—, L>L, AL—-L,—1>1  (11.25)
di1 —018div1-1,-1—2
—&84L-L,—1.1 — Si+L-L,—1>

L>L,ANl>L—-L,—1

L<L,

This section analyzes the bullwhip effect expression of retailers under different
value chain scenarios, which depends on the variance of the order quantity of retailers
qu = Var(q;). When the retailer adopts the MMSE prediction method and order-
up-to inventory strategy, the order quantity expression under different value chain

scenarios can be expressed by (11.25) as qu’r:

(14 0:18)*)o> +8%2 + 02, L>L, Al>L—L,— 1
o, =1 (—-68%"+802 +02, L>L AL—-L —1>1 (1126
(1+ 150> +£%07 + 02, L <L,

This section deduces the analytical expression of the bullwhip effect in the green
value chain. Determining the order level of retailers is an important prerequisite step
to derive the bullwhip effect. The bullwhip effect is calculated as the ratio of the
retailer’s order variance to the market demand variance [11, 13]. When the ratio
is greater than one, the bullwhip effect exists in the value chain. Such disturbance
of information usually leads to potential costs in the value chain, including large
overstocking of inventory, loss of profit and disordered capacity planning. Therefore,
the bullwhip effect in the value chain should be restrained and coordinated. When
the retailer adopts the MMSE prediction method and order-up-to inventory strategy,
the order quantity expression under different value chain scenarios can be expressed
as:

L+ (018)* + (%02 +02)/0>, L> L, Al > L—L, -1
(1 -6+ (8%} +02) /o, L> L, AL—L,—1>1
1+ (6:6)* + (%0 +02) /0%, L < L,

_ Var(q;) _

BWE =
Var(dt)

11.27)
As the shipment inventory during the replenishment lead time is normally

distributed with mean D* — RF and standard deviation &, the expected inventory
cost for the retailer in period ¢ is given as:

oo
C = E[P/ (D} — R} — y))dF.(D} — R})
i
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et [ (0 RaR (0! 8|

= 6/[(H + P)L(z) + Hz] (11.28)

where F, (D! — RF) is the true distribution of D} — RE with variance ( ) Vi

is the optimal order-up-to level of the retailer y, = DI — RE + z61. L(x) is
L(x) = fxoo (y — x)d®(y) convex and decreasing in x, and H(z + L(z))+PL(z) <
H(x + L(x))+ PL(x)Vx > z.

The following two conclusions can be drawn by solving the models:

(1) Relationships between the manufacturer/remanufacturer’s lead times and
return lead time have a remarkable effect on operational efficiency, i.e.,
expected costs and bullwhip effect, and optimizing the decisions of return
polies under different value chain situations.

(2) Product recycling cannot always restrain the order information fluctuation in
the value chain. Consumers’ product return behavior can diminish the infor-
mation mutation of the value chain only if the ordering lead time is larger
than the return period, which means that the total return period is enclosed
in an ordering period. Returned products will be delivered into the retailer’s
inventory to partly balance out the fluctuation of current demand and thus can
alleviate the information mutation. In addition, retailers can timely adjust the
forecast of future actual demand to improve the accuracy of ordering decisions
when the return period is included in an ordering period.

11.4 Summary

The green growth of enterprises requires optimizing the inventory control strategy in
the value chain and improving the efficiency of inventory management. Promoting a
zero inventory strategy or low inventory strategies of nodal enterprises in the value
chain is an important component of implementing a green growth model, which plays
an important role in realizing green growth. To realize green transformation, enter-
prises need to form a closed-loop system from product design to resource recovery
and utilization, promote the efficient reuse and sustainable development of resources,
and then implement the coordination of “green” and “growth”. Therefore, inventory
management and control play an important role in the green growth model and
value chain reconstruction. Inventory control of the value chain can reduce resource
waste and improve operational efficiency, which is an important component of the
green growth model. To achieve green growth and a green value chain of enterprises
through efficient inventory management, this chapter studies the significant influ-
ence of product return on the bullwhip effect and inventory costs under different
value chain scenarios. We analyze the coordinated control measures of the bullwhip
effect of the green value chain to decrease the inventory levels and inventory costs of
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enterprises. The analysis helps managers improve the efficiency of the green value
chain and realize the green growth of enterprises.
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