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ARTICLE INFO ABSTRACT

Keywords: We examine the value of blockchain for disclosing secondhand product quality in a supply chain
Secondhand products in which contributors consign secondhand products to an online platform that resells them and
Online marketplace competes with suppliers of new products. We find that the platform is more likely to provide a
Platform

uniform (differential) pricing strategy with new products when the revenue sharing portion of
the consignment contract is sufficiently low (high). Moreover, surprisingly, without blockchain,
the platform prefers moderately perceived and true quality secondhand products, instead of
extremely high or low quality. With blockchain, the platform prefers selling low-uniqueness and
low-quality (or high-uniqueness and high-quality) secondhand products. Furthermore, we find
that with blockchain, horizontal integration is more effective in improving the supply chain’s
total profit. A win-win-win outcome can be achieved for the platform, the supplier, and con-
sumers in a supply chain that sells low-uniqueness products.

Permissioned blockchain technology

1. Introduction
1.1. Background and motivation

Secondhand products are now popularly traded and compete with new products. The global online retailer Amazon provides its
consumers with an option of new versus used products. Selling secondhand products creates an ecosystem in the circular and sharing
economy (Wen and Sigin, 2020). A survey from the European marketing firm GMI indicates that about 70% of consumers have
purchased secondhand products. In particular, women are more likely to buy secondhand books, clothes, accessories, jewelry, and
shoes, whereas men are more likely to buy secondhand electronic products and cars (Chahal, 2013). The major reasons to purchase
secondhand products include 1) consumers are not willing to purchase or cannot afford new products, and 2) consumers are not able
to get new products because of a short supply in the market. However, the quality of secondhand products might be uncertain for
consumers, who cannot know the true quality of the products before buying. This uncertainty causes a long-existing moral hazard
problem of buying secondhand products because sellers usually have more product quality information than buyers (Fernando et al.,
2018). For example, counterfeit products are prevalent in the luxury market, but most consumers cannot distinguish a counterfeit
product from a genuine one in secondhand product consumption. Consumers are easily deceived by secondhand vehicle dealers
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Table 1
Practices of blockchain implementation.
Company Practices of implementing blockchain Popularity of secondhand
products

Louis Vuitton and Gucci Louis Vuitton and Gucci have implemented blockchain already to identify product authenticity Yes
and quality (Newbold, 2019).

De Beers De Beers incorporates blockchain into its high-value diamonds to ensure product authenticity =~ Yes
(Castillo and Schifrin, 2020).
BMW and Daimler BMW and Daimler include blockchain in their cars and provide car manufacturing and usage Yes

process information (Pollock, 2020).

because the traffic accidents in which the vehicles have been involved are usually not disclosed.

Blockchain is an emerging, innovative, and disruptive technology that can serve to lessen the risk of moral hazard problems in
terms of product quality asymmetry (Babich and Hilary, 2020). Recently, many companies have developed a scalable protocol based
on blockchain technology, which gives consumers access to trustworthily tracked product quality and supply chain information
(Choi, 2019; Choi and Luo, 2019). Based on a survey from the consulting firm Gartner, by 2023, at least 30% of manufacturing
companies with products valued at USD5 billion will have implemented blockchain (Dimitrov, 2019). Blockchain is now a unique
solution for identifying the quality of secondhand products and effectively preventing the moral hazard problem in resales Of course,
blockchain is not the sole solution to disclose product quality. The traditional technologies such as RFID can also provide quality
disclosure. However, consumers may not fully trust it because RFID information can be revised by individuals, but blockchain cannot.
Blockchain provides a trustworthy and unique “certificate” to show historical product quality information such as for how long the
product has been used, who used it, and how it was used. Moreover, blockchain data cannot be modified or altered by an individual.
Recently, blockchain is increasingly popular used in many industries. More and more products are incorporated by blockchain.
Table 1 shows several practices of blockchain implementation in industries. All of these goods—luxury products, diamonds, and
vehicles—are always popular in the secondary market.

Due to the rapid development of e-commerce, an increasing number of goods, particularly high-value secondhand goods such as
luxury fashion, diamonds, and vehicles are mainly sold online, rather than in physical stores or flea markets. This movement is also
important during the outbreak of COVID-19 (Choi, 2020). Online platforms provide a “shelf” and commit a revenue-sharing portion
to induce contributors to consign their products for resales. For instance, the online marketplace therealreal lets contributors consign
and sell secondhand luxury fashion and handbags through its platform (Orlean, 2019). If the product is sold, the retailer shares the
revenue with the contributor. Thus, therealreal is competing with the supplier of new products in the supply chain. The fashion
retailer Patagonia created an online platform Worn Wear in which contributors can trade their secondhand garments and receive
online or store credit up to 50% of the product’s resale value (Agrawal et al., 2019). Patagonia creates a co-opetitive supply chain
system in which selling new and secondhand products is competitive and cooperative.

Selling secondhand products is controversial because it can disrupt new product business (Feng et al., 2019). Conventional
wisdom implies that the introduction of secondhand products can hurt new product channels. In this paper, we mainly address how
the platform decides the pricing and consignment strategies in a competitive or co-opetitive supply chain. In examining the real
practices of selling secondhand products through an online marketplace such as those of Patagonia and therealreal, we note five
aspects.

o Using blockchain achieves quality disclosure (Babich and Hilary, 2020). Without the use of blockchain, the secondhand product’s real
quality is unknown to consumers and the suppliers of new products. With the use of blockchain, the real quality is known to
everyone.

® A network effect exists in an online marketplace (Chen et al., 2020). If there are more contributors, more consumers will come to
know of the existence of the secondhand product marketplace, and consumers will be more likely to purchase secondhand
products (Anderson et al., 2014).

® The platform uses a consignment contract to induce the contributors to sell through their products (Choi and Guo, 2020). Consistent with
the real practices in platforms, given the consignment contract and the price, the contributors decide whether to accept to sell
their products through the platform according to their utility in terms of salvage value and revenue.

o The platform decides the price of the secondhand products (Orlean, 2019). Contributors mail and consign their secondhand products
to the platform. As a product expert, the platform receives the product, evaluates it, and then decides the price.

® The online platform may be independent or integrated with the supplier (Agrawal et al., 2019; Orlean, 2019). The platform therealreal
is an independent firm and accepts any brand of product. In contrast, Patagonia collects its own secondhand products and resells
them on its own website. Thus, a platform can be decentralized or horizontally integrated with the supplier.

Our paper is appliable to the online platforms which sell secondhand products with blockchain. The major reasons are as follows.
First, using the advanced information technology in e-commerce can address quality information asymmetry for secondhand pro-
ducts. Quality information asymmetry is significant for selling secondhand products online. Consumers cannot distinguish product
quality based on the description and photos. Second, consumers will fully trust the information from blockchain because blockchain
provides a trustworthy and unique “certificate” to show historical product quality information.
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1.2. Research questions and contributions

We focus on examining the value of blockchain for selling secondhand products through an online platform. We consider a supply
chain consisting of contributors, one online platform, and one supplier. The platform sells secondhand products. The supplier sells
new products. The contributors consign their secondhand items to the platform and collect part of the revenue if the products are
sold. In terms of the supply chain structure, we consider two scenarios: (1) the platform is independent and competing with the
supplier, i.e., it is a decentralized supply chain; and (2) the platform is co-opetitive and horizontally integrated with the supplier, i.e.,
it is a centralized supply chain.

Our research questions (RQs) are as follows.

RQ 1: What are the pricing and quality strategies for secondhand and new products?

RQ 2: How does the use of blockchain influence an ecosystem that sells new and secondhand products online?

RQ 3: What are the impacts of decentralization and horizontal integration on selling secondhand products?

Our main contributions are as follows. First, our findings can contribute to the literature of pricing decisions in the sharing
economy. We find that product uniqueness significantly influences pricing differentiation for both secondhand and new products.
When selling low-uniqueness products, the platform offers a differential pricing strategy with new products, whereas when selling
high-uniqueness products, the platform offers a uniform pricing strategy with new products. Moreover, we find that the revenue
sharing portion between contributors and the platform in the consignment contract critically influences pricing strategies. A low
revenue sharing portion drives the platform to provide a uniform pricing strategy, and a high revenue sharing portion drives the
platform to provide a differential pricing strategy. Furthermore, in terms of quality preference, without blockchain, the platform
prefers selling secondhand products that have moderate perceived and true product quality, instead of extremely high or low quality.

Second, our findings provide important contributions in terms of the use of disruptive technologies in supply chain management.
The use of blockchain can influence the product type selling in the supply chain. When selling low-uniqueness products, the use of
blockchain is recommended for low-quality products but not for high-quality products. When selling high-uniqueness products, the
use of blockchain is profitable for high-quality secondhand products but can hurt the total welfare of the decentralized supply chain.

Third, we compare decentralized and centralized supply chain systems. The results shed the lights on the supply chain man-
agement with blockchain adoption. Specifically, we find that with the use of blockchain, horizontal integration is effective in im-
proving the supply chain’s total profit. When selling low-uniqueness products, a win-win-win outcome can be achieved for the
platform, the supplier, and the consumers.

To the best of our knowledge, this is the first paper to examine the value of blockchain for selling secondhand products through an
online platform. Our findings enrich the literature of quality information disclosure, the impacts of blockchain and supply chain
management. Our managerial insights provide important lessons to logistics and supply chain managers in the area of sharing
economy platforms.

1.3. Paper organization and structure

The remainder of this paper is organized as follows. In Section 2, we review the relevant literature. In Section 3, we develop an
analytical model. In Sections 4 and 5, we discuss the analytical results of a decentralized supply chain and a centralized supply chain,
respectively. In Section 6, we conduct a welfare analysis related to consumers and contributors. In Section 7, we offer important
managerial insights and conclude the study with a discussion of potential future research directions. All of our proofs can be found in
the Appendix.

2. Literature review

Our paper is relevant to four topics: secondhand product operation, online platform operation and innovation, the use of
blockchain in supply chains, and consignment contracts.

2.1. Secondhand products operations

Secondhand products are resold and competing with new products. Ghose et al. (2006) examine new and secondhand book selling
on online platforms. They find that secondhand books are poor substitutes for new books for online consumers, and that the in-
troduction of secondhand book selling can improve consumer surplus. Our paper also considers product substitution between sec-
ondhand products and new products in terms of quality difference. Choi et al. (2018) examine how the secondhand products can be
collected efficiently in terms of collector types and retail competition. Mutha et al. (2019) consider a channel optimization problem in
which secondhand products of various quality conditions are sold to third-party remanufacturers. They show that there are various
structural properties of optimal assortment in terms of different quality levels in the supply chain. Feng et al. (2019) develop a two-
period model to evaluate the optimal production and quality when products sold in the first period become secondhand products
competing with new products in the second period. They find that the presence of secondhand products in the market decreases the
total production quantity but improves the product quality. Esenduran et al. (2020) focus on the online resale channel of secondhand
electronics. They find that contributors are very sensitive to price, timing of payment, and online ratings when selling secondhand
products to an online platform. The prior literature did not examine quality information asymmetry towards the new and old
products. In this paper, we evaluate the impacts of quality differences among the real quality of new products, the perceived quality
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of secondhand products, and the real quality of secondhand products to consumers.
2.2. Online platform operations

Ryan et al. (2012) consider an online marketplace as an intermediary that matches buyers with sellers. They identify the optimal
decisions for participation fees and revenue sharing contracts for both the retailer and the marketplace. Yan et al. (2018) study
whether e-tailers and traditional retailers are willing to join the common marketplace to sell products. They find that a high platform
fee is not an effective incentive for e-tailers to join the marketplace. Tian et al. (2018) examine the interaction of the marketplace and
the reseller in e-commerce. They find that both the cost of order fulfillment and upstream competition intensity influence the optimal
selection in terms of the marketplace, the reseller, and their hybrid. Xiao and Xu (2018) investigate how the online retailer can install
the right level of capacity to extract the full surplus from the seller. They find that the lost-sale penalty contract can accomplish the
above two goals but the commission contract cannot. Li et al. (2019a,b) study offensive pricing strategies for online platforms with
message dissemination. Choi and He (2019) evaluate the impacts of rental services on fashion product operations on online platforms.
They find that a revenue sharing contract is more effective than a fixed service charging scheme. Lin et al. (2019) examine product
bundling strategies with competition on e-commerce platforms. Gong et al. (2019) study an online sharing economy system con-
sisting of a powerful e-tailer and a budget-constraint seller. Du et al. (2019) examine a platform-led advertising problem in which two
manufacturers are competing in the platform market. Liu et al. (2020) investigate how the market size and data-driven marketing
influence the performance of online platforms in the supply chain. Cai et al. (2020) evaluate the effective contract design for platform
supported supply chain operations. Wen and Siqin (2020) examine how product quality uncertainty affects the sharing economy
platforms. They find that it is not always wise for the platform to improve product quality. In this paper, we are motivated by real
practices in the sale of secondhand products and consider that product quality information is asymmetric for different supply chain
members if blockchain is not adopted.

Advanced technological innovation is accelerating the development of online marketplace platforms. Steinker et al. (2017) ex-
plore the value of a real-time weather forecast information on online platform operations. They find that the weather conditions such
as sunshine, temperature, and rain have a significant impact on daily sales during summer, weekends, and days of extreme weather.
Chu et al. (2020) examine a dynamic product ranking system displayed on an online e-commerce platform. Choi et al. (2020b)
investigate the impacts of consumer risk aversion on the on-demand service platform. They argue that blockchain is valuable to
improve the pricing strategy because information asymmetry is disclosed. As blockchain can help provide disclosure of the quality of
secondhand products to consumers, in this paper, we study the impacts of its use on the sale of secondhand products in the online
marketplace.

2.3. Blockchain technology in supply chains

Blockchain technology provides supply chain transparency not only in terms of origin, materials, and production but also in terms
of who uses the products and how the products are used (Babich and Hilary, 2020). Recently, a large number of studies have
examined the impacts of blockchain technology on supply chains. Chod et al. (2019) document how blockchain can achieve
transparency and financial benefits in supply chains. Wang et al. (2019) adopt a sensemaking theory to explore the benefits of
blockchain on supply chains as perceived by industry experts. Choi et al. (2019) investigate the impact of blockchain technology on
global supply chain risk analysis through the mean variance approach. Cui et al. (2019) compare the value of information trans-
parency between parallel and serial supply chains. They find that the profit of both the supplier and the buyer can be improved in
serial supply chains. Saberi et al. (2019) explore how supply chains use blockchain technology to realize sustainability for gov-
ernance, the community, and consumers. Min (2018) argue that blockchain is also a peer-to-peer network of information technology
to enhance supply chain resilience in terms of risk and uncertainty. Quality information asymmetry may cause risk and uncertainty
for consumers’ beliefs. In our paper, we follow the literature of the impacts of blockchain and evaluate the value of blockchain in
terms of quality disclosure for secondhand products in an online marketplace. Blockchain is a technology wherein information is in a
scalable protocol that can only be accessed by consumers who have permission (Choi, 2019; Choi and Luo, 2019). Choi (2019)
examines the use of blockchain to ensure diamond authentication and certification in supply chains. Choi and Luo (2019) study the
value of blockchain for data quality improvement in sustainable fashion supply chains. Their results imply that blockchain tech-
nology is beneficial to social welfare but not to supply chain profit. Choi et al. (2020a) study a system consisting of two competing
rental service platforms with product quality information disclosure on the blockchain. They find that platforms are more likely to
implement blockchain for quality disclosure if the products have a higher profit margin. Moreover, they explore the value of using a
consignment contract in the supply chain. This assumption is similar in our paper. However, in contrast, we consider the consignment
contract between the platform and contributors in the sale of secondhand products.

2.4. Consignment contracts

In the actual practice of selling secondhand products, it is common for contributors to consign their products in the marketplace.
Consignment contracts are similar to revenue sharing contracts in terms of the revenue sharing portion. Wang et al. (2004) examine
supply chain channel performance under a consignment contract with revenue sharing. They consider the scenario in which the
supplier decides the retail price and retains ownership of the goods. If the product is sold, a percentage of the selling price goes to the
retailer. A consignment contract with revenue sharing is a common approach. In the scenario that we consider, although the online
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platform does not own the product, it does determine the price. Buratto et al. (2019) study the value of consignment contracts for
cooperative programs. Zhao et al. (2019) study a supply chain system in which two manufacturers sell through a retailer, using a
consignment contract with revenue sharing. They find that the whole chain’s profit can suffer from vertical integration under a
consignment contract. in this paper, we consider horizontal integration in which the platform is horizontally integrated with the
supplier of new products to sell products to consumers. Choi and Guo (2020) evaluate the zero-wholesale price contract with revenue
sharing. Our proposed consignment contract is very close to Choi and Guo (2020) because, in our paper, the contributor owns the
product but the seller does not under the consignment contract. Such a contract arrangement is also examined by Gong et al. (2019)
in which the platform could take a predetermined share of the sales revenue if the product is successfully sold on the platform.

It is popular to use consignment contracts for vendor-managed inventory (VMI) systems. Chen et al. (2010) examine how the
consignment contract achieves channel coordination in VMI systems. They identify Pareto improvements among channel participants
in a consignment contract that includes revenue sharing with side payments. Hu et al. (2014) use a consignment contract with
consumer return policies to manage inventory control. They find that it is always beneficial for the supply chain to delegate the
inventory decision to the vendor under a consignment contract. De Giovanni et al. (2019) examine a consignment contract with VMI.
They find that revenue sharing is more effective than cost sharing in VML Bieniek (2019) studies the impact of consignment contract
in VMI with stochastic customer demand. In our paper, our proposed system for the secondhand platform is similar to VMI because
the contributor owns the product and the platform decides the price.

3. The model

We consider a supply chain (SC) consisting of contributors, one secondhand online platform, and one supplier. Contributors sell
secondhand items on the platform through consignment. The supplier sells new items of high quality to consumers directly and
competes with the platform, which sells secondhand items of low quality. After quality inspection, the platform keeps the products
with quality that is higher than a certain standard, and returns the products with quality that is below the standard. We denote the
average product quality of the accepted secondhand products as g (0 < g < 1). This setting is consistent with the common practice in
real-world business. For example, Amazon Warehouse deals'— the online secondhand platform provided by Amazon — checks the
quality of secondhand products and keeps the satisfactory ones for resale purposes. The quality level of the new product is normalized
to 1. The price of the accepted secondhand (old) products p, is determined by the platform, and the price of the new products p, is
determined by the supplier. We consider that the price of secondhand products cannot be higher than that of new products, i.e.,
D, < D, This assumption is realistic for most products except for limited edition products. We consider that secondhand products can
be high-uniqueness products, but are not as unique as limited edition products. The consignment revenue that the contributor gets is
p,- The platform gets the remaining (1 — 7)p,. 7 (r € (0, 1)) is the percentage of the sale price that the contributor can gain. To
simplify the model, we normalize the production cost for the supplier to zero.

The quality perception of secondhand products differs by SC structure and blockchain use. We consider the four scenarios shown
in Fig. 1.

In the decentralized SC without blockchain, the consumers and the supplier perceive the quality level of the secondhand product
asq (0 < § < 1) on average, but the contributors and the platform know the secondhand product’s true quality level ¢ (0 < g < 1). In
the centralized SC without blockchain, the consumers perceive the quality level of the secondhand product as § on average, but the
contributors, the platform, and the supplier share the secondhand product’s true quality level q. If the secondhand product is em-
bedded with blockchain information, everyone knows its true quality q.

We assume that the market sizes of the contributors and the consumers are N and M, respectively, where N and M are positive.
The contributor’s utility is U, = tp, — s, where 1p, is the revenue he gains from selling his secondhand product through the platform,
ands is the salvage value, which follows a uniform distribution s ~ U[0, 1] (Anderson et al., 2014). Consistent with the actual
practices of online platforms, we take the revenue sharing portion in the consignment contract to be exogenous.” A contributor is
willing to sell through the platform when U, > 0. Hence, we denote the number of contributors on the platform as d. = zp,N. Table 2
summarizes the major notations used in this paper.

The sequences of the game are shown in Fig. 2. First, the contributors mail the secondhand products to the platform for quality
inspection. The platform keeps the satisfactory secondhand products and returns the unsatisfactory ones. Second, regarding the
disclosure effect of blockchain, in the decentralized SC, if blockchain is not used, the supplier decides the price of the new products
based on the perceived quality of the secondhand products. If blockchain is used, the supplier decides the price of the new products
based on the true quality. After the supplier’s pricing decision, in the decentralized SC, the platform decides the retail price of the
secondhand products. In the centralized SC with horizontal integration, regardless of whether blockchain is used, the integrated firm
knows the true quality of the secondhand products and decides the price of the new products based on the true quality, and then
decides the price of the secondhand products. Third, the contributors confirm the transactions, and the platform sells the secondhand
products.

! The official website of Amazon Warehouse deals: https://www.amazon.com/b?ie = UTF8&node =10158976011.
2 For example, no matter what the product, therealreal pays 15% of the revenue and Patagonia charges 50% of the revenue to the contributor.
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Fig. 1. SC structures with and without the use of blockchain [the caret indicates the SC member’s quality perception of the secondhand products].

Table 2
Major notations used in this paper.
Notation Meaning
D Respective price of product j, where j = o, n and p, < p,
T Percentage that the contributor can gain from the sale price
q True quality level of the secondhand product on average, where 0 < g < 1
q Perceived quality level of the secondhand product for consumers on average, where 0 < § < 1
N Market size of the contributors
M Market size of the consumers
N Contributor’s salvage value for his secondhand product, where s~U [0, 1]
v Consumer’s valuation of the product, where v~U [0, 1]
Ue Contributor’s utility to sell the product
Uj Consumer’s utility to buy product j, where j = o, n
o Impact of the contributor’s quantity on the secondhand product’s consumer utility
d. Number of contributed secondhand products
d; Actual market demand for product j, where j =0, n
I Profit of product j, where j =0, n
F Blockchain operation cost
CTW Contributors’ welfare
ocw Secondhand product consumers’ welfare
NCW New product consumers’ welfare
™ SC’s total welfare, where TW = CTW + OCW + NCW

Note: The subscripts c, o, and n denote contributors, old product, and new product, respectively.

Contributors mail secondhand products Platform decides the retail price Contributors confirm the
to the platform for quality inspection of secondhand products transactions
] ] I l N
Supplier decides the Market demand is
price of new products realized

Fig. 2. Game sequence.

4. Decentralized SC
4.1. Without the use of blockchain

In this subsection, we consider the case in which blockchain is not implemented. The consumer utility to buy a secondhand
product from the platform is U, = v — p, + ad,, and to buy a new product from the supplier is U, = v — p,, where § (0 < q < 1) is
the consumer’s perceived quality level of the secondhand products on average. Here, a implies the impact of the contributor’s
quantity on the secondhand product’s consuming utility, and ad, implies that if there are more contributors, then consumers are more
likely to participate in secondhand product consumption (Anderson et al., 2014). Note that due to the quality information asymmetry
without blockchain, the supplier does not know the true quality of the secondhand products, and his perceived quality level of the
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secondhand products is the same as the consumers’. A consumer chooses the new or secondhand product according to his utility. The
consumer purchases at most one product with higher and nonnegative utility. When the secondhand platform is in short supply (i.e.,
d. < d,), the consumer who is not able to purchase the secondhand product turns to buy a new product as long as his utility is
nonnegative.

Thus, the respective actual market demands for the platform and the supplier are

Py — Py +ade _ P, —ade .
(? -7 )M, if d. > d,
o if de <d,
(1 - 7""“’0;“‘“)1\4, if do>d,

d, = and

1-—
d, =

(1 iy ‘ﬁ“d“)M —d,, if d. <d,

The platform sets its price for the secondhand product based on the true quality level q. Thus, the realized market demand for the

platform is

1-q q
de, lfdc <d(;

(e - i dez

o =

The platform and the supplier make their optimal decisions based on the following profit functions:
”o(pu) = (1 - T)pudu and

7, (p,) = P, dn

The consumer-contributor market size ratio (M/N) is critical in influencing the prices of the new and secondhand products. If the
products are very unique, the market size of secondhand products is small and the market size of new products is large, whereas if the
products are less unique, the market size of secondhand products is large and the market size of new products is small. Thus, a high
(low) ratio implies that a large (small) number of consumers exist in the market compared to contributors. A high-uniqueness product
(e.g., luxury fashion) might have a small number of contributors but a large number of consumers (i.e., M/N is high). A mass product
(e.g., textbooks) might have a large number of contributors. We define this ratio as the degree of product uniqueness in the market —
i.e., a high (low) ratio implies a high (low) degree of product uniqueness. We define Case A as selling low-uniqueness products and
Case B as selling high-uniqueness products.
t(1-§)dpd

Lemma 1. We define the threshold T = ————>—
dpy — (1 —Na)p;

. When N < i, we derive the optimal solutions for the platform and the supplier as

follows:
i i i .M Ax . 9A-@  Ax _ 1= _ax _ MgA =024 -0 -7
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o 22-9? 7
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4[M (1 — Nat) + Nt]

G[2M (1 — Nat)+ 2Nt -G 2 - Q7]
M+ N (G — Ma)t

(iii) d* > dP* if and only if q <
(iv) T is increasing in .

;a2 < dP*if and only if ¢ < §.

We find that if selling low-uniqueness products, the platform sets a lower price for the secondhand products as compared to new
products. If selling high-uniqueness products, the platform sets the same price for the secondhand products as for the new products.
These results are intuitive because if a product is very unique, i.e., a large number of consumers want it in the market, the supplier
ignores the true quality of the secondhand products and sells them at the same price as the new products. Thus, if the secondhand
products are less unique, the platform provides a differential pricing strategy, and if the secondhand products are very unique, the
platform provides a uniform pricing strategy. Besides, we find that the actual demands for low-uniqueness secondhand products will
be higher than the high-uniqueness ones when the true quality level of the secondhand product is relatively low. This is because the
low-quality level contributes to price reduction which increase the demands for low-uniqueness secondhand products more sig-
nificantly. However, on the contrary, the new products’ demand for low-uniqueness products will be squeezed by the low-quality
level as more consumers are going to buy the secondhand products.

Furthermore, under a consignment contract, the revenue sharing portion (7r) influences the platform’s pricing strategy.
Specifically, if the consignment portion is relatively large, the platform is more likely to provide a differential pricing strategy with
new products; if the consignment portion is relatively small, the platform is more likely to provide a uniform pricing strategy with
new products. If the revenue sharing portion is lower, the number of contributions is small and the product uniqueness is high. Thus,
when collecting and selling secondhand products, platforms should carefully design the revenue sharing portion of consignment and
the pricing strategies.
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Proposition 1.

(i) Selling low-uniqueness products,

(a) 7* is decreasing in § but increasing q;

(b) m** is first increasing and then decreasing in § and q.

(ii) Selling high-uniqueness products, 72 and 72* are increasing in § but irrelevant to q.

When the supplier sells low-uniqueness products (e.g., mass products), the profit is improved if the true quality of the secondhand
products is high, but the profit is reduced if the perceived quality is low. There are two potential reasons. First, if the true quality of
the secondhand products is higher, then their price is higher. Thus, more consumers opt to purchase new products and the supplier’s
profit increases. Second, if the perceived product quality is higher, the competition between the two products is more intense. Thus,
the consumers opt to purchase high-quality secondhand products and the supplier’s profit decreases.

The platform prefers moderately perceived and moderate true quality secondhand products, instead of extremely high or low.
This result is counterintuitive, as common sense might lead us to think that high-quality secondhand products should be welcomed by
the platform. The reasons for our results are as follows. First, in terms of Lemma 1(i), we see that p/** is decreasing in § (dp”**/d§ < 0)
and increasing in q (dpnA*/dq > 0). These results imply that the platform tends to set a lower price when the true quality is lower or
when the perceived quality is higher, because (1) a low-quality difference (i.e., true quality and perceived quality of the secondhand
products are high) leads to high-quality competition between the new and secondhand products, and thus a lower price for the
secondhand products, which attracts more consumption; (2) with a perceived high-quality difference (i.e., perceived quality of the
secondhand products is low), the supplier might also be fooled by the secondhand products and set a lower price so that the profits of
both the supplier and the platform are lower; and (3) a true high-quality difference (i.e., true quality of the secondhand products is
low) leads to a low price for the secondhand products that might decrease the platform’s marginal profit. Consequently, the platform
is more likely to sell moderate-quality secondhand products instead of high-quality.

Proposition 1(ii) implies that the true quality of the secondhand products has no effect on the SC performance if the platform sells
high-uniqueness products (e.g., luxury product), but the profits of both the supplier and the platform increase if the perceived quality
of the secondhand products is higher. This result is intuitive because high-uniqueness products face a short supply on the platform,
which, regardless of the true quality level, always offers a uniform pricing strategy (i.e., the platform sets the same price for sec-
ondhand products as for the new ones). However, higher perceived quality can lead to an increase in price (dpf*/d@ > 0 and
dpf */dgq > 0). The profits of both the supplier and the platform can be improved with increased price.

4.2. With the use of blockchain

In this subsection, we consider the case in which blockchain is implemented. In this scenario, the true quality of the secondhand
products is transparent in the SC, which means that the information about the quality of the secondhand products is symmetric for the
platform, the supplier, and consumers, i.e., ¢ = §. Thus, the moral hazard issue in terms of product quality can be addressed by using
blockchain. In this case, the actual demands for the secondhand platform and the supplier are

(pn—poJradc_po—adg)M if d > d
’ c = 0

d;, — | 1-g q ,
d., if d. < d,
and
, (1—%0;“"”)M, if d.>d,
= (1 - pO‘q“d“)M —d, f do<d,
We use “~” to denote the case in which blockchain is used. The supplier pays a fixed cost (F) for operating the blockchain,” and

the platform and the supplier maximize their own profits by deciding the optimal prices:
ﬁo(pg) =Q1- T)pndn and ﬂn(pn) = pndn - F.

_ _ =A
Lemma 2. We define the threshold T = w When N < L, we derive the optimal solutions for the platform and the supplier as
A — (1 - NarypA po= P p (pp
n — — INart, p()
follows:
; : . .M 7 A% _ qd—-q) SAx _ 1-q  —Ax _ Mg(Q-q)(-7)
(i) Selling low-uniqueness products (Case A: NS T), we have p/* = ey P Ty T T ok —nan - 02— Nax) and

s _ MU-q) _

n 22-q)

3 We do not take into account the implementation cost of blockchain because we do not consider a two-period model. We will explore a two-period
model that includes the implementation cost of blockchain in future research. Besides, the platform does not need to pay the corresponding cost and
only enjoys the quality disclosure effect brought by blockchain, because the second-hand products sold on the platform have already equipped with
blockchain data.
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(ii) Selling high-uniqueness products (Case B: N> T), we have p’*=p "= AN s N o = AL - Nao) + NP and
_Bsx _ M2g? _F
Tt = 4[M (1 — Naz) + Nt] .

(iii) T is increasing in 7.

These results are the same as those of Lemma 1. With the use of blockchain, the platform offers a uniform pricing strategy (i.e., it
sets the same price for secondhand products as for new products) when selling high-uniqueness products, but offers a differential
pricing strategy (i.e., it sets a lower price for secondhand products compared to new products) when selling low-uniqueness products.

Moreover, as in Lemma 1, the platform is more likely to provide a uniform (differential) pricing strategy when the revenue sharing
portion in the consignment contract is sufficiently low (high).

Proposition 2. With the use of blockchain, (i) #2* and 72" are decreasing in q. (ii) z* and #2* are increasing in q.

Our results provide important insights into the sale of secondhand products with quality disclosure. First, recall that without the
use of blockchain, for low-uniqueness products, a moderate perceived quality level is the best for the platform, but inconsistently, a
low perceived quality level is the best for the supplier (please revisit Proposition 1). With the use of blockchain, everyone knows the
true quality of the secondhand products. Distinct from Proposition 1 (without blockchain), in Proposition 2, we note that by using
blockchain, both the platform and the supplier benefit from the lower true quality of secondhand products when the product un-
iqueness is low. When quality information is transparent and symmetric, the high quality of secondhand products increases market
competition, which harms both SC members’ profits.

With the use of blockchain, for high-uniqueness products, both the platform and the supplier benefit from selling high-quality
secondhand products. This result is distinct from that of the case without blockchain (i.e., Proposition 1). The reasons are as follows.
First, if the consumers recognize the high quality of the secondhand products, both the supplier and the platform raise the price to
match the high quality. Second, when buying high-uniqueness products, the consumers neglect the high price.

4.3. Equilibrium analysis

In this subsection, we explore the value of blockchain in the decentralized SC and compare the results of the previous sections.
Proposition 3. Note that j = o or n. (i) pf‘* > ij* ifand only if g < §, otherwise ij* < ij*
=B < B
b =p;

Quality disclosure influences competition intensity. For low-uniqueness products (Case A), the prices of the new and secondhand
products with blockchain are higher than those without blockchain when the perceived quality of the secondhand products is higher
than the true quality. The prices with blockchain are lower than those without blockchain when the perceived quality of the sec-
ondhand products is lower than the true quality. However, for high-uniqueness products (Case B), the prices of the new and sec-
ondhand products with blockchain increase when the perceived quality of the secondhand products is lower than the real quality.

This result is mainly due to the disclosure effect of blockchain, as both the supplier and the platform raise prices when the products
are high quality.

. (ii) pf* > ij* ifand only if g > §, otherwise

Proposition 4.

(i) Selling low-uniqueness products,

@) IfF#0, z2* > 72* ifand only if F < Ff; if F = 0, z2* > 7/* if and only if q < §;
(b) 72* < 7 if and only if § < q < min{ﬁizqz,
(ii) Selling high-uniqueness products,

@) IfF# 0, z%* > zB* if and only if F < FE; if F = 0, z* > n2* if and only if ¢ > §;
(b) zZ* > nl*if and only if ¢ > §.

1}, otherwise, 71" > w*;

Proposition 4 shows that it is inadvisable for the supplier to implement blockchain if the blockchain operation cost is sufficiently
large. This result is intuitive, because the high operation cost squeezes the supplier’s profit. If the cost of operating blockchain is
negligible, we find that for the sale of low-uniqueness products, the use of blockchain increases the supplier’s profit if the perceived
quality of the secondhand products is sufficiently large, but harms the platform’s profit when the true product quality is moderate in
terms of the perceived quality. This implies that both the platform and the supplier can benefit from the use of blockchain when the
perceived (true) quality is high (low). Moreover, we surprisingly find that, for high-uniqueness products, the value of using block-
chain is contrary to its value for low-uniqueness products. Specifically, blockchain is inefficient for both the supplier and the platform
when the true quality of the secondhand products is lower than the consumer’s perception. When the platform sells high-quality and
high-unique products (e.g., luxury products), implementing blockchain is recommended for both the platform and the supplier.

5. Centralized SC (The platform and the supplier are integrated)
In the centralized SC, the supplier is horizontally integrated with the platform and they form an integrated firm. This practice is

consistent with the fashion retailer Patagonia that created an online platform Worn Wear on which consumers can trade in their
secondhand garments and receive online or store credit up to 50% of the product’s resale value (Agrawal et al., 2019). In this section,
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we evaluate the impacts of horizontal integration on selling secondhand products in the SC.

5.1. Without the use of blockchain

First, we consider the case in which the online platform and the supplier are integrated without the use of blockchain. As the
platform is horizontally integrate with the supplier, the true quality information is available to the supplier. Hence, the realized
market demands for the platform and the supplier are d, and d,, respectively. The integrated firm maximizes the total profits of the
supplier and the platform by offering the optimal prices:

T ’T pn’T) =rT+zT=Q1 - r)po”d(; + pyl’Td;l
Recall that, without the blockchain, consumers do not know the true quality of the secondhand products and decide to purchase
based on the perceived quality level, i.e., the actual market demands for the platform and supplier are d, and d,,.
We let G; = 4(1 — 7)(1 — Naz) — g(2 — 7 — Nar)? and G, = 2M (1 — Noar) — 2gt(1 — N — 7). We derive the optimal prices and
profits as shown in Lemma 3.

_ T-A
Lemma 3. Define T'" = M—E%r)zﬂ““ With horizontal integration, the optimal solutions for the platform and the supplier are as
follows:
(i) Selling low-uniqueness products (Case A: % <TT), we have p/™** = %ﬂ} piT=A* = %M, and
=4 = (1 - r)p’T’A*d* + pIT’A*d* where Gy, > 0.
(ii) Selling high-uniqueness products (CaseB ~ > T'T), we have p/™~* = pIT=B* = and TP = 1 — o)p/"P*d; + p/T"P*d;, where

G, > 0.

_r_ 2
(iii) T!T is increasing in 7 if and only if § > q(2 =7 = Nor)

4-22—t+Na2—Na)]"

The results of the pricing strategies in terms of product uniqueness for the platform are the same as those of the decentralized SC
in Lemma 1, which shows the robustness of our study. When selling low-uniqueness products, the platform sets the secondhand
product’s price, which is different from the new product’s price (i.e., the platform offers a differential pricing strategy). When selling
high-uniqueness products, the platform sets the same price for the secondhand and new products (i.e., the platform offers a uniform
pricing strategy). Different from the decentralized SC, in the centralized SC, the increased revenue sharing portion no longer results in
an adequate supply for the platform. When the perceived quality of the secondhand products is relatively lower, the threshold for the
platform to offer a differential pricing strategy is low.

IT—Ax Mg (1 — Naz)

Proposition 5. (i)p; M —Nad) — g~

> ij*. (ii)pj’T‘B* > pf*if and only if § < , Where j = o or n.

Proposition 5 reveals that when selling low-uniqueness secondhand products (Case A), both the platform and the supplier raise
prices when the platform is horizontally integrated with the supplier. Because horizontal integration creates a co-opetitive business
environment, and market competition is less intense so that both the prices of new and secondhand products can be increased.
Nevertheless, when selling high-uniqueness products (Case B), both the SC members can lower their prices if the perceived quality
level of the secondhand products is relatively high, because both the high perceived quality level and the high product uniqueness
increase market competition and result in price reduction. Thus, horizontal integration sets higher prices for both secondhand and
new products.

0.3 1

=B > g

Secondhand product's true quality level g
Secondhand product's true quality level g

0.5
0.1
T4 <
n.gT—B* < T[tB*
0 0
0.6 0.7 0.8 0.9 03 04 05 06 07 08 09 1
Reveue sharing portion t Reveue sharing portion t
M M
(a) When m <T (b) When v >T

Fig. 3. Total profit comparison between the centralized and decentralized SCs (Weset N = 1,v = 0.8, = 0.9, = 0.5,and M = 0.1in (@) and M = 1
in (b)).
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Next, we explore the overall performance between the centralized and decentralized SCs. We denote 7" = 7)* + 7!* (i = A or B)
as the total profit of the decentralized SC and compare it to that of the centralized SC in Fig. 3.

Fig. 3 shows how the revenue sharing portion and the secondhand product’s true quality level jointly influence the SC’s overall
performance. We observe that for low-uniqueness products (Fig. 2(a)), the SC’s performance deteriorates with horizontal integration
if the secondhand product’s true quality level is low and the revenue sharing portion is high. Similarly, when the degree of product
uniqueness is relatively high (Fig. 2(b)), horizontal integration harms the SC’s total profit if the secondhand product’s true quality
level is low. This result can be explained by the fact that in the centralized SC, reduced prices are offered when the true quality level
of the secondhand products is low (i.e., dp/"~"* /dq > 0, where j = 0 or nandi = A or B), which hurts the profit margin of both the
supplier and the platform. Hence, for the SC without blockchain, it is not always advisable to integrate the secondhand platform with
the supplier. The platform and supplier should take both the product quality and the revenue sharing portion into consideration when
making pricing decisions.

5.2. With the use of blockchain

In the centralized SC, the true product quality is known for both the platform and the supplier even without the use of blockchain.
Thus, the use of blockchain has no effect on the optimal decisions, i.e., p/*** = p/"~* and p/*~"* = p!*~™*, where i = A or B.
However, the optimal profits are different. More consumers decide to purchase based on the true quality in the SC that uses
blockchain, because they know the true quality when the information about the secondhand products is in the blockchain. We denote
7T~ as the optimal profit of the centralized SC with blockchain.

To investigate the value of horizontal integration with the use of blockchain, we define 7/* = 7i* + 7\* (i = A or B) as the total
profit of the decentralized SC. We explore the relationship between 7#/T~* and #/* in Proposition 6.

AIT—i%

Proposition 6. p; > pi*and /T > 7

> 7%, wherei = A or B and j = o or n.

With the use of blockchain, horizontal integration always benefits the total SC performance through a price hike. This result
differs from the case without blockchain. Because without blockchain, there still exists quality information asymmetry between the
sellers and the consumers. This asymmetry reduces the effectiveness of horizontal integration. With blockchain, the secondhand
product quality is disclosed to the consumers, and thus the advantage of horizontal integration can be fully exploited.

Next, we investigate the value of blockchain in the centralized SC and obtain Proposition 7.

Proposition 7.

(i) Selling low-uniqueness products,

@) if F# 0, 7/T~4* > /T4 if and only if F < Ff'=4;

(b) if F =0, we have 7/T** < m/T** if and only if ¢ "™* < g < g/
-T

(ii) Selling high-uniqueness products,

@) if F#0, 778 > 7/T=B* if and only if F < FIT-5;

(b) if F=0, "B > 7/T=B* if and only if q > §.

Comparing the results of Propositions 4 and 7, we see that the value of blockchain use in the centralized SC is similar that in the
decentralized SC. The main difference is, if the blockchain operation cost is negligible, selling moderate quality products in the
centralized SC with blockchain can hurt the SC’s total profit. This result can be explained as follows. Quality disclosure of true high-
quality secondhand products can boost the platform’s profit significantly, and as such, eventually enhances the whole SC’s perfor-
mance. However, a sufficiently low quality helps reduce competition and thus benefits the SC’s performance. Consequently, if the true
quality of the product is sufficiently high or low, implementing blockchain in a centralized SC is recommended.

Table 3 summarizes the impacts of blockchain on the SC’s profits. We observe that using blockchain always has a positive impact
on the SC’s profits for low-uniqueness and low-quality products, or high-uniqueness and high-quality products, but it hurts the SC’s
profits for low-uniqueness and moderate-quality products, or high-uniqueness and low-quality products. Thus, with the use of
blockchain, the platform should sell low-uniqueness and low-quality (high-uniqueness and high-quality) secondhand products.

Next, to show the joint influence of blockchain and horizontal integration in terms of SC member’s performance, we summarize
the above results in Fig. 4.

Fig. 4 shows that using blockchain is never the optimal choice for SC members in the decentralized SC. This is because, with

Table 3
Impacts of using blockchain on the SC’s performance.
Low-uniqueness product High-uniqueness product
Low q Moderate q High q Low ¢ High q
Centralized SC Platform + - + - +
Supplier -
Decentralized SC + - + - +
Note: “+” indicates positive impact, and “~” indicates negative impact.

11
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Fig. 4. Optimal strategies for the secondhand platform and the supplier (DNB = decentralized SC without blockchain, DB = decentralized SC with
blockchain, CNB = centralized SC without blockchain, and CB = centralized SC with blockchain).

blockchain, horizontal integration can always improve the SC’s benefit. Second, if the true quality of the secondhand products is low
and the degree of product uniqueness is high, both the secondhand platform and the supplier prefer the decentralized SC. This result
provides important insights to supply chain managers who work for the platform and supplier when deciding the optimal product
quality and uniqueness. Third, when selling low-uniqueness products, the platform can enjoy the benefit of the quality disclosure
effect from using blockchain if the true quality of the secondhand products is sufficiently high or low, whereas the supplier can enjoy
the benefits if the true quality of the secondhand products is sufficiently low. In other words, if the true quality of the secondhand
products is sufficiently low, the use of blockchain can achieve a win-win outcome for the supplier and the platform through hor-
izontal integration. Fourth, when selling high-uniqueness products, both the supplier and the platform achieve a win-win outcome
without blockchain in the decentralized SC if the true quality of the secondhand products is sufficiently low. Otherwise, using
blockchain in the centralized SC is preferable. With blockchain, our findings imply that supply chain managers should carefully check
the product quality of the secondhand product when deciding the channel of selling the products.

6. Welfare analysis

In this subsection, we investigate the SC’s welfare, which comprises the contributor’s welfare (CTW), the secondhand product
consumer’s welfare (OCW), and the new product consumer’s welfare (NCW). We define the SC’s total welfare
TW!= CTW! + OCW'! + NCW' wherei = A or B.

. ‘[p(l;* . M .
CTW'! = M‘/(: ()" — s)ds = T(Tpg*)z

Pt —pg* vade

Mfoae bt @y =p +adddv, i de > d,

ade

OCWi = ; , and

B
NP @ faplak gd@ds, ' )dp.d < d, i d>d,

1-4

NCW! = B .
o Py 5 .
M [l @ = D)y = N7 (v = p)ds, if de < d,

q
First, we explore the value of using blockchain in both the decentralized and centralized SCs in terms of contributor’s welfare.

Proposition 8.

(i) CTW# > CTW# if and only if q < §;CTW?® > CTW3 if and only if q > §.
@) CTW™* = cTW!'-4 and CTW'"% = CTW'T-5,

From Proposition 8, we observe that the use of blockchain is effective in improving the contributor’s welfare in the decentralized
SC, rather than in the centralized SC. Particularly, if the true quality of the secondhand products is lower than the consumer’s
perception, blockchain can benefit the contributors who sell low-uniqueness products, but can hurt those who sell high-uniqueness
products. It seems counterintuitive for contributors to reveal their products’ lower quality, but actually it leads to a rise in price for
the low-uniqueness products, which helps improve the contributor’s welfare. Furthermore, we find that blockchain does not improve
the contributor’s welfare if the SC is horizontally integrated, because in this case, the true quality of the secondhand products has no
effect on the pricing decisions (please see Section 4.2).

12
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Fig. 5. Value of blockchain on total welfare with the contributor’s market size N (we setv = 0.6,7=0.8,a = 1, N=0.8,§ = 0.6, and M = 0.1 in (a)
and M = 1 in (b)).

Next, the value of blockchain in terms of the SC’s total welfare is shown in Fig. 4. We define ATWp = TW! — TW' and
ATW = TW™™" — TWIT-i as the value of using blockchain on the total welfare in the decentralized and centralized SC, respectively.

Fig. 5 provides a clear picture of the value of blockchain with respect to total consumer welfare. First, from Fig. 5(a), we see that
for low-uniqueness products, no matter in a decentralized or centralized SC, blockchain can benefit consumer welfare when the true
quality of the secondhand products is higher than the perceived quality. As we find in Proposition 3 that, with blockchain, both the
platform and the supplier reduce prices when the secondhand product’s true quality is high, it is natural that the consumer’s welfare
improves. Moreover, we see that when the true quality of the secondhand products is high, blockchain is more effective in improving
consumer welfare in the decentralized SC than in the centralized SC. In the decentralized SC, information about the quality of the
secondhand products is asymmetric. Thus, quality disclosure through blockchain is especially relevant for low-uniqueness and high-
quality products. However, for high-uniqueness products, disclosing the high quality of the secondhand products through blockchain
hurts the total welfare in the decentralized SC. This implies that in short supply, the platform and the supplier raise the prices to
match the high quality of product, and thus the consumer’s welfare reduces.

Next, we evaluate the influence of horizontal integration on welfare in the SC.

Proposition 9.

(i) CTWIT-A > CTWA and CTW'T™! > CTW', where i = A or B.

. IT—B B PPN Mq(1 — Nart)
(i) cTW > CTW® if and only if § < M= Nat) g7

Proposition 9 indicates that horizontal integration can improve the contributor’s welfare on the platform when low-uniqueness
products are being sold or when blockchain is implemented. In the SC that sells high-uniqueness products without blockchain,
contributors can only benefit from horizontal integration if the perceived quality of the secondhand products is relatively low,
because the sales of secondhand products will increase with horizontal integration under these scenarios (refer to Propositions 5 and
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Fig. 6. Value of horizontal integration on total welfare with the contributor’s market size N (we setv = 0.6, 7=0.8,a =1, N= 0.8, = 0.6, and
M =0.1in (a) and M =1 in (b)).
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Table 4
Insights and managerial recommendations.
Key insights Managerial recommendations
Pricing strategies for the platform (i) If selling low-uniqueness secondhand products, the platform should offer a differential pricing strategy

with new products. If selling high-uniqueness products, the platform should offer a uniform pricing
strategy with new products.
(ii) A low revenue sharing portion drives the platform to provide a uniform pricing strategy, and a high revenue
sharing portion drives the platform to provide a differential pricing strategy.
Quality strategies for the platform (i) Without blockchain, the platform prefers secondhand products that have moderately perceived and
moderately true product quality, instead of extremely high or low if the product has low uniqueness.
(i) With blockchain, the platform prefers low-uniqueness low-quality secondhand products.
Using blockchain for selling secondhand (i) If the platform sells low-uniqueness products, blockchain is recommended for low-quality products, but
products not recommended for high-quality products.
(ii) If the platform sells high-uniqueness products, blockchain is recommended for high-quality products, but
not recommended for low-quality products.
Horizontal integration in the supply chain (i) Horizontal integration is more effective in improving the SC’s total profit with the use of blockchain.
(i) A win-win-win outcome can be achieved for the platform, the supplier, and consumers in a horizontally
integrated SC that sells low-uniqueness products.

6). Hence, contributors can earn more from the platform. However, how horizontal integration affects the SC’s total welfare is
unclear. We conduct further numerical analyses for Fig. 6. We define ATW;r = TW!T= — TW! and ATW;r = TWIT=i — TW! as the
value of horizontal integration on the total welfare in the cases without and with blockchain, respectively.

Fig. 6 shows that horizontal integration improves the SC’s total welfare for low-uniqueness products, but hurts the total welfare
for high-uniqueness products. This is because for low-uniqueness products, prices are important to consumers. However, for high-
uniqueness products, the degree of “scarcity” is crucial to consumers who will evaluate whether to purchase a new or old product.
Hence, the price advantages brought by the horizontal integration can benefit the contributors of low-uniqueness products more
significantly. In other words, in terms of the total welfare, horizontal integration is more valuable for the SC that sells low-uniqueness
products. Combining these results from those of Proposition 7, we see that in the SC that sells low-uniqueness products by horizontal
integration, the performance of the platform, the supplier, and consumers can be better off (comparing the cases when selling high-
uniqueness products or through the decentralized supply chain), i.e., a win-win-win outcome can be achieved for the platform, the
supplier, and consumers. This result shows the superiority of horizontal integration strategy under the use of blockchain.

7. Conclusion, managerial insights, and future research directions

In this paper, we examine the sale of secondhand products through an online platform on a SC consisting of contributors, one
secondhand online platform, and one supplier. The contributor sells the secondhand items through the platform by consignment, and
the supplier sells new items to consumers directly. We consider four scenarios in terms of SC structure and blockchain use. The
secondhand product quality information for the supplier and consumers differs according to SC structure and blockchain use. Our
paper provides insights into the optimal pricing and quality strategies, the value of blockchain use, and the impacts of horizontal
integration for secondhand and new products. We summarize our insights and managerial recommendations in Table 4.

We note several research limitations and future research directions. First, we consider the scenario in which the price of the
secondhand products is not higher than that of new products. However, for very unique products such as limited edition products, the
price of the secondhand product can be higher than that of the new product. It might be worthwhile for future research to evaluate
how a platform could sell limited edition products to consumers while competing with the supplier. Second, we consider the revenue
sharing portion in the consignment contract to be exogenous (Choi and Guo, 2020). Future research can explore the impacts of an
endogenous revenue sharing portion on the platform’s pricing decisions. Third, we do not consider the previous price of the sec-
ondhand products. Previous prices are important references (Wei et al., 2019; Li et al., 2019a,b). Future research could investigate
price references for secondhand products. Fourth, we do not take into account the implementation cost of blockchain because we do
not consider a two-period model. In future research, we will explore a two-period model that includes the implementation cost of
blockchain. Fifth, the sales data of secondhand products can be used for demand information updating (Shen et al., 2019a,b, 2020). In
future research, we can examine the value of information updating on supply chains with secondhand products.

Appendix. Proofs

Proof of Lemma 1: First, we substitute d, = (%;ad“ - I"’_TOMC)M and d. = 7p,N into the condition d. > d, and derive
% < %. We have the threshold T = %. Note that, when d. < d, (i.e., % > T), the secondhand platform is in
n 0 n (

short supply, hence consumers who fail to buy secondhand products will purchase the new one as long as his utility is non-negative.

Consequently, when d. < d, we have d, = (1 — _lpfgadc)M + (p” Tj;ad“ — b _qadc)M —d.=(1-=-2 _qadc)M —d..

(i) For Case A where % < T: by using backward induction, we take the first and second order derivatives of
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- N -
=1 — r)pO(P n=Po* PN _ Po :Tp 2 )M with respect to p, and find that 7, is concave in p,. Thus, the optimal price for sec-

1-q
ondhand product p, can be obtained from solving the first order condition %% = Ma _T)(qfl”__qz)(l “NPo) — (. Then, we proceed to

solve the optimal solutions. Note that, due to the quality information asymmetry, the supplier makes the decision based on its
perceived quality for the secondhand product §. Substituting p’(p,,q) into the supplier’s profit function

Ty = D, (1 - M)M and taking the first and second order derivatives of 77, with respect top,, we find that 7, is concave in

1-q
p,- The optimal price for the new products p,; can be obtained by solving f =M - @

functions, we can yield the optimal solutions in Lemma 1(i). In order to ensure the optimal prices and profits are positive,
1 — 7aN > 0 and 2§ — g > 0 must be hold.
(ii) For Case B where %> T: using the same approach as in Case A, we take the first and second order derivatives of

0. Substituting p into profit

7, = (1 — 7)p?7N with respect to p, and find that Z—ZD =2(1 — 1)p,N > 0, which means that 7, is always increasing in p,. Since

we assume p, < p,, we have p = p,. Then, we substitute p’ = p, into the supplier’s profit function 7, = p, [M - W]

and derive the optimal price for the new product p; by solving % =M - w}w =0.
n
(iii) By substituting p**, p*, p’*, and p’*into the actual demand functions, we derive d** = 1;/1((223—[;)?, aM = M(j(jif;f‘”,
af = WM and d2* = % Hence, by comparing these results, we can easily get the findings in Lemma 1(iii).
(iv) By substituting p** and p/** into the threshold, we have T = (zqfvzg)(% %: = % > 0. Thus, T is increasing in 7.
(Q.E.D.)
Proof of Proposition 1:
i M dm _ _M@-(4-9)9) dmn _ M(1-q) dmy _ _ MqQ@3(1+§)+9(4-36-32-D§)N1-1)
(i) Under Case A where N = T, G = 225 <0, W = 2002 0, G = 22— 3630 N <0, and
dd%o = % Thus, d"“ > 0 if and only if ¢ < §, which means that 7, is first increasing and then decreasing in q.
M2G2(1 —1)t M2G2

> and 7,2* = It is obvious that they are irrelevant to g

.s B __ _—
(ii) Under Case B where ¥ v > T, we have 7" = A1 —Now)+ 71 = M - Nan F N

and increasing in §. (Q.E.D.)

Proof of Lemma 2: Similar to Lemma 1, we derive the results of Lemma 2. Please note that under the case with blockchain, there
is no quality information asymmetry, hence we can have § = q. (Q.E.D.)
Proof of Proposition 2:

dnn _ d7rD _ MQ@2-3q)1-1)
(i) Under Case A (— < T), we have = —3a- q)2 < 0, and = 0N < 0.
_ 2M2g B 2M2q(1 — 1)t
(ii) Under Case B (ﬁ > T), we have ~ —dq = M= Nar) VA >0 and U = A Nar) + NE > 0. (Q.E.D.)
Proof of Proposition 3:
@ 4 _gand P =1 <0 we can infer that pA* > p** and p** > p* if and only if g < §
dq 2(1 - Nat)(2 - §)? dq @-q7 ’ Pa ’
. _A A ~A A
otherwise, p/** < p** andBpn T<p
oy e dpB* q . . ~ .
(ii) Similarly, =D = M 50, we can infer that 5** > pP* and 5** > p* if and only if g > §, otherwise,

dgq 2[M (1 — Nat) + Nt]
prr<p” ande* <pB* (Q.ED)

Proof of Proposition 4:

i) Under Case A, i , we have 7 -7 = —2 —F — _: _A, ence 7*>zA* if and only i
@) Under Case A, if F#0 h Ax _ A 1;’((21 qq)) M@*zjz_zgj;l 9 p A f and only if
F < A;((;:qq)) — M@ 2?2122));1 ; while if F = #d* > A" if and only if ¢ < G. Then, in terms of the
) . drgt* Mq(q(z—@<3—za))—za3>(17r> P . . , 243
platform’s profit, we have w = 40— 520 — Net) , which is negative if and only if ¢ < min {727 sy 1¢. Thus, we can
~ . g3 . -
infer that 7** < 7* if and only if § < g < mm{%, 1}, otherwise, 72* > 72",
s . =Bx _ __B¥ _ quz _ _ MZQZ — Bx Bx & :
(ii) Under Case B, if F#0, we have 7, = 4[M(17Nm)+m] F 4[M(1—Nar)+Nr]’ hence 7;* > m,;* if and only if
M2q? M2G2 dﬂo _ B* . . A
F< MO N s N A= N N while if F = > 0, thus, 77" > 7'[ * if and only if ¢ > g, where

j=o0or n (QE.D.)
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Proof of Lemma 3:

(i) For Case A where M < im We take the first and second order derivatives of
N
T=(1-1) pD(P" _Pl":’q“m"N - _am" ) ( W)M with respect to p, and p,. We find that 7, is jointly concave

inp, and p, only when Hessian Matrlx

_ 2M (1 —17)(1 —Nat) M (2 —1— Nar)

o= a-9q 1-g :M(l—q+(2—T—Naf)Po_2Pn)>0
M (2 —1— Nar) _ 2 1_q
1-q 1-¢q
IT —_r— — — —
Then, we can obtain p/"**(p/™™*) by solving ddan = M@@-r Nm)(Pl"_ qz)(ql DA-NDP) — g and p=4*(p/™*) by solving
(]

dr'" M (1 @R, - ZpS] : : IT—A% ¢ IT-A IT—Ax ¢ IT—A : : :
- = = 0. Finally, we substitute p, (p,” ™) and p, (p,” ") with each other and derive the optimal

dpy,
prices p/T~4* and p!

IT A*

(ii) For Case B where M > TIT: using the same approach with the one in Case A, we take the first and second order derivatives of
m=(1—-1)plN + p, [(1 L Z% )M - dc] with respect to p, and p,, respectively, and find that 7; is increasing inp,. As

p, <p, we have p’=p, Then, by substituting p’=p, into the SCs total profit function 7z and solving
dm _ ap oy 2@ =N—7) - M+ MNat)p,
dp, q

=0, we derive the optimal prices for new and secondhand products
£ ok Mg
by =0 = 2M (1 — Nat) —2qt(1-N—-1)"

2’;” =2qr(1 = N —1) — 2M(1 — Nar) < 0.

Note that, to ensure that A is concave in Dy> we have

q(1—)§r@—7 - Nar)
(1 — Nar)(2§ (1 —7) — q(2 — 7 — Narz))

IT
(iii) By substituting pIT ~A* and pIT ~4* into the threshold, we can have T'" and d;—r > 0 if and only if

(Q.E.D.)

A q(2—7— Nar)?
q 4-2t(2—7+Na(2 - Nar))*

Proof of Proposition 5:

IT-Ax

~ IT-Ax ~
(1) We have b, - 2(1-q)(2-q)(1 — Nar)(2 — T — Nar) > 1 and Py - 21-¢)2-g)1—1)(1— Nar) > 1. Thus p

1-9G A Q-6
gM+N (G —Ma)r)

(i) Py = p"pB* = it e e on—yand M+ NG~ Mo)r>§(M(1~Nat) —qr(1~=N-7) if and only if

Mq(1 — Nart)
MQA —Nat)—q(1—1)t° (QED)

IT-Ax

* and pIT—A* p;x*.

.. . . . . ﬁgT Ax 2(2—-¢q)(1 — Nat)(2 — 7 — Nat)
Proof of Proposition 6: First, in terms of prices comparison, we have = o > 1,
2

SIT—Ax SIT—Bsx ~IT—Bx
Py _ 2= -1)A = Nar) b, _ Pn _ M+ N(q—Ma)t
ol o > 1, and BT g T M- Neo-qt0-N-D > 1. We yield p;

proﬁts for Case A, we yield the optimal total profits for the centralized and decentrahzed SCs with blockchain are

_IT—A% _ M1 -g)1-7)(1 - Naz) v _ M1-g)4-3g+(@—2NQ2-q)x)7) T4 42-9P1-1)1 - Nar)?
b =G and 7" = 42— R —Ne) , respectively. Then, we have A = G+ G- IN@ - D@06 > 1.

IT—Bsx M2q2  _ B _ M2q%(M — MNat + (1 + N —7)7) and ﬂ,’T B 4(M + Nt — MNaz)?
B:

Similarly, for Case B, we yield 7; =% W = 201+ Ne— MNar)? = GaM—MNar+ (L4 N—5)9) > 1. Hence, we get

AIT—ix —l*

Then, regarding the total

7= > z2* and #/T-%* > #zP*. (Q.E.D.)

Proof of Proposition 7: Similar to Proposition 4, we can derive the similar results. Differently, under Case A, if F = 0, we have
—Ax G2(1 = Nar)((1 = No)(1 =)t =84 (1 = No)(L = 1) + §2(1 = Na)@ —t—Nar)) _ _ §*(1 —Nax)
(1-2§)%(1 — Na)?r2(2 — 7 — Nat) 1 -2§)(1 = Ne)z*
where g 7~ = min{q, qTI A1 and q[T 4 = max{q, qTIT’A} . (Q.ED.)
-T
= Mztp, > 0, which implies that CTW is increasing in p,. Since p** > p* if and only if

dnt

<0 if and only if g < g™, where g/ = \/

Therefore, 7T-A* > 7/T=4* if and only if g T <qg<g™,

g <§,and p** > p’* if and only ifg>q (please revisit Proposition 3) and p/"~* = p/T"*(please revisit Section 5.2), we can easily

infer that CTW# > CTWA if and only if ¢ < §, CTW® > CTW3 if and only 1f q>§g,and CTW T = CTW’T‘i (Q.E.D.)

Proof of Proposition 9: Since CTW is increasing in p  and p™* > p** p!* > p*,  and
IT—Bsx* Bx o A Mq(1 — Nat) .
p; >p; if and only if q < M —Ner) —qa e Ve can derive the results. (Q.E.D.)
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