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1 Introduction Dynamic Pricing in Food Supply Chains 

Food Supply Chains (FSC) are a managerial challenge because the perishable products have 

a limited shelf life with degrading freshness and quality. Therefore, food loss and food waste 

are a problem along the whole supply chain. This paper focuses on food waste at the retailer 

and consumer levels. In Germany, one of the target countries of ImPUlSe, 52% of food waste 

occurs in private households and 34% of this waste is fresh fruits and vegetables (Schmidt et 

al., 2019, BMEL, 2021). One reason is the high perishability of these products, but also 

purchase and meal planning decisions of the consumers (FAO, 2019, p. xiii-xiv). Therefore, it 

is necessary to implement a technique to improve the operational efficiency of the FSC. 

Throughout the literature on FSC, Dynamic Pricing (DP) is an appropriate measure to reduce 

food waste and, at the same time, increase the retailer’s profit (Yang et al. 2022).  

According to Liu et al. (2008), Dynamic Pricing describes the assignment of different prices to 

a product throughout the whole sales period due to changes in the product quality or product 

characteristics. The objective is to stimulate the demand for perishables with deteriorating 

quality by lowering the price when the product is approaching its date of expiry. Consumers 

will rather purchase a product with a longer shelf-life than a perishable with a closer date of 

expiry if the prices are the same (Yan and Han, 2022). As a result, more perishables are 

thrown away, which, on the one hand, causes food waste because the inedible products are 

discarded, and on the other hand, causes a loss of sales for the retailer. DP offers incentives 

for consumers to buy fruits and vegetables with a shorter remaining shelf-life and help them 

improve meal planning. The goal is to reduce food waste caused by retailers and consumers 

and increase the retailer’s profit (Chung and Li, 2014). 
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From the explanations above, it becomes clear that applying DP to the FSC for perishables 

highly meets the project targets of ImPUlSe. DP has the potential to optimize the efficiency of 

physical supply and consumption patterns. The supply chain can be managed in a more 

sustainable way and contributes to the reduction of waste. The following paper is organized as 

follows: after a brief introduction into the general concept of DP and the connection to the 

ImPUlSe project, section 2 offers a literature review on DP with a focus on the FSC. The goal 

is to offer a comparison of current practices and possible improvements by implementing new 

pricing strategies.  

Section 3 summarizes the managerial insights and concludes the literature review.  
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2 Literature Review 

The literature on DP in FSC can be categorized into two groups. The first group includes 

papers that apply operations research methods. This group contains most of the papers. The 

second group consists of papers that apply other methods, e.g., surveys of retailers. A 

classification of all papers on DP in the FSC can be found in the appendix. 

In the first part of this chapter operations research applying papers are focused and are further 

separated into sub-categories. The basis of this separation are two criteria: First, the structure 

of the supply chain: one- or two-echelon supply chain and the actors that are considered on 

every level. Second, the papers are classified into papers that, additionally to DP, take 

replenishment and inventory decisions into account and papers without these considerations. 

Within these groups, the papers are analyzed and compared regarding their objective, 

decision variables, solving methods, results and managerial insights. 

The second part of this chapter reviews papers that apply other methods than OR.  

 

2.1 Operations Research Methods 

2.1.1 One actor without replenishment 

Scholz and Kulko (2022) compare static and dynamic pricing strategies for strawberries of 

different package sizes and freshness stages. They first measure the willingness to pay (WTP) 

for the different products. They use this information to estimate the demand. Based on WTP 

and demand the retailer’s revenue maximizing and food waste reducing prices are calculated. 

For a better understanding of the OR methods, the objective function and constraints are 

explained below. In the further course of this review, the description of the underlying models 

will be less detailed, and results will be focused on. The following model is used to obtain the 

optimal prices in a dynamic pricing scenario. 

𝑀𝑎𝑥 𝑅(𝑝𝑖) =  ∑ 𝑑𝑖(𝑝𝑖 , 𝑝𝑗)𝑝𝑖
𝐼
𝑖=1    (1) 

Subject to 

𝑑𝑖(𝑝𝑖, 𝑝𝑗) ≤  𝑠𝑖  ∀𝑖 ∈ 𝐼  (2) 

𝑝𝑖 ≥  0  ∀𝑖 ∈ 𝐼  (3) 

The objective function (1) maximizes the revenue 𝑅 depending on price 𝑝𝑖, where the subscript 

𝑖 indicates the freshness level 𝑖 of a package of strawberries. The revenue is the sum of the 

demand for strawberries of freshness level 𝑖 multiplied by its price. The demand depends on 

the corresponding price 𝑝𝑖, but also on the price for the freshness level 𝑗, 𝑝𝑗.  

The first constraint (2) ensures that the demand or the amount of strawberries sold for 

products of freshness level 𝑖 does not exceed the stock level 𝑠𝑖. The second constraint 

indicates that the calculated prices must be greater or equal than zero because prices cannot 
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be negative. The result is a price vector that contains the revenue maximizing prices 

depending on the freshness level of the product. A simulation is then conducted to compare 

the revenue of the retailer and the amount of food waste when static and dynamic pricing 

strategies are applied. The result shows that applying a dynamic pricing strategy maximizes 

the retailer’s revenue and, at the same time, reduces food waste significantly. The revenue is 

110.2 percent compared to a static pricing scenario. Depending on the demand and package 

size, food waste is reduced to up to 46.4 percent of the amount in a static pricing scenario.  

Kayikci et al. (2022) collect real-time Internet of Things (IoT) sensor data to measure the 

freshness of a bulk of apples. The data is then used to develop a four-stage-data-driven 

optimal pricing strategy. In the first stage, when the product’s freshness is high, the initial 

selling price is set by the retailer. The first stage ends, and the second stage begins when the 

data indicate a significant decrease in food quality. In the second stage, the initial price has to 

be reduced by a discount rate to motivate consumers to buy less fresh products and avoid 

food waste. In the third stage, the redistribution stage, the retailer tries to redistribute the 

leftover food that could not be sold in stages one and two. In the fourth stage, the food waste 

is disposed of. The retailer must pay disposal costs and generates waste. The authors use a 

multi-stage recursive dynamic programming approach to find the revenue maximizing and food 

waste reducing optimal initial price, discount rate, and initial stock. Numerical analysis and 

simulation are conducted to examine the solutions. The initial selling price is set to 130 and 

the discount rate is seven percent. Furthermore, the influence of the initial replenishment is 

analyzed. There is no replenishment during the selling period, therefore it is important for the 

retailer to buy an optimal amount of apples. The initial amount of food ordered is 345 

kilograms. This amount avoids shortages, but also minimizes the amount of waste due to 

unsold products.  

Liu et al.’s (2008) paper focuses on the use of radio frequency identification (RFID) technology 

to collect data about the product’s quality. These data are then used to apply dynamic pricing. 

The authors compare a deterministic demand scenario and a stochastic demand scenario with 

a dynamic pricing policy and a fixed price regarding optimal price, initial inventory, and profit. 

The results clearly show that in both demand scenarios, applying dynamic pricing to 

perishable food based on RFID data leads to a higher profit. On the one hand, dynamic pricing 

is especially advantageous when the decay rate is high, that means, when the product quality 

decreases fast. On the other hand, the authors also consider the influence of holding costs 

and variable and fixed ordering costs on the optimal price. When holding costs and ordering 

costs are high, the price reduction is higher at first to motivate consumers to buy the product, 

but in later periods, the product gets more expensive again. When the costs are relatively low, 

the price reduction is higher.  
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Adenso-Diaz et al. (2017) apply a bi-objective approach to quantify and compare dynamic 

pricing policies under different scenarios. In contrast to other papers, waste reduction is, along 

with revenue maximization, an objective function of the retailer. The authors assume a 

deterministic demand and a continuous decay of the food. The model is solved analytically, 

and experiments are conducted to compare the influence of different parameters on the 

objective. The results show that price elasticity has a significant influence on the success of a 

dynamic pricing strategy for perishable food. A low price elasticity reduces waste by up to 50 

percent, but also generates a revenue loss of up to 20 percent. An elasticity of one or two 

generates only a very low or no revenue loss and reduces waste at the same time. When the 

price elasticity is greater or equal to two, the waste is reduced, and the revenue is slightly 

higher than in a static pricing scenario. Adenso-Diaz et al. conclude that the price elasticity 

must be sufficient large to reduce waste and, at the same time, generate higher revenue for 

the retailer even with a lowered price. Furthermore, the age sensitivity of the consumers 

regarding the product must not be too low.  

Wang and Li (2012) develop a profit maximization model, that applies dynamic pricing 

strategies. RFID is used to collect data about the freshness level of a product (meat and 

vegetables) and these data are used to implement dynamic pricing. The authors compare a 

single price markdown strategy with a multiple markdown strategy during the sales period. The 

multiple markdown strategy discounts the price twice.  

A case study with numerical simulations and a sensitivity analysis is conducted. The numerical 

experiment compares the situation in different supermarkets and shows that, for meat 

products, the optimal discount rate is 26.9 to 28.3 percent and causes a profit difference of 

3.26 to 6.14 percent. Vegetable products’ prices are reduced twice, that is, the multiple 

markdown strategy is applied. The first discount rate is 25 percent and the second is 36.2 to 

37.2 percent, which causes a profit increase of 7 to 12.05 percent in total. 

The sensitivity analysis reveals the influence of the degree of quality loss, timing and 

frequency of discount, and demand elasticity on the dynamic pricing strategy’s effect. The 

results indicate that a higher quality loss during the sales period increases the effect of 

dynamic pricing. The authors recommend starting discounting earlier in the sales period than 

in the current practice. It is not advantageous to increase the number of times the price is 

discounted because the operational costs for adapting the price is too high and the demand 

and profit increase is not sufficient large. It is only recommended when the remaining shelf life 

of the product is long.  

The profit increase caused by a dynamic pricing strategy is higher when the quality elasticity 

for a certain product is high.  
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2.1.2 Two-level-SC with replenishment 

In contrast to the previous sub-section, this sub-section introduces papers that deal with two 

actors and replenishment during the sales period. It is important to distinguish between 

models that include replenishment and those that do not. When the stock of offered products 

is replenished during the sales period, the consumer can choose from different states of 

quality for the same product. This situation has a heavy influence on consumer behavior and 

is also suitable to apply dynamic pricing.  

Chen and Chen (2021) consider a supply chain with a retailer and a supply center. It is a 

centralized system with the goal to maximize the channel profit. The retailer simultaneously 

offers products of two states of quality, freshly replenished products, and products that have 

already started to deteriorate. The author’s objective is to find an optimal price markdown 

policy while maximizing the total channel profit. Furthermore, a sensitivity analysis of various 

parameters is conducted.  

This paper takes three different groups of consumers into account, general customers, quality-

oriented customers, and price-oriented customers. The results show that the optimal pricing 

strategy, profit, and influence of parameters are different for the three groups.  

The optimal price markdown time is earlier for price-oriented customers than for the other 

groups and the maximum profit is the highest when most consumers are quality-oriented. The 

higher the quality orientation of the consumers, the higher the percentage of products sold at 

the regular price and the amount of unsold quantity and thus the profit. The sensitivity analysis 

further indicates that the expiry date has the greatest positive impact on profit because the 

longer the product is fresh, the more it will be sold. The profit is also higher when the quality 

loss coefficient is low. The order quantity of the products has the largest negative impact on 

the profit.  

Concerning the markdown time, the regular price, demand sensitivity to the markdown price 

and the demand rate have the largest positive impact, e.g. the higher the regular price, the 

earlier the markdown time. The impact of the parameters is highest for price-oriented 

consumers.  

Mahmoodi (2021) develops a joint pricing and inventory control model for a deteriorating 

product. According to the author, the model is suitable for the application in a fresh food 

supply chain. The situation is described as a manufacturer-Stackelberg game, that is, the 

manufacturer first decides about the profit maximizing wholesale price, then the retailer 

decides about the profit maximizing retail price and replenishment cycle. After the model is 

solved, a sensitivity analysis concerning various parameters is conducted. The results show 

that a bigger market potential or maximum demand, a high deteriorating rate and high holding 

costs and shortage costs lead to a shorter replenishment cycle. The bigger the price sensitivity 
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of the customers, the longer the replenishment cycle and the smaller the profit. A larger market 

size increases the profit. The manufacturer’s profit is more sensitive to the parameters than 

the retailer’s profit. The demand parameters have a larger influence on the model than the 

cost parameters.  

Pourmohammad-Zia et al. (2021) consider a two-level supply chain with a farmer as a supplier 

and a retailer in a joint pricing and inventory model. The farmer breeds new-born animals and 

sells the meat to the retailer after slaughtering. In contrast to the aforementioned paper, the 

supply chain in this paper is retailer-led. The retailer first decides about his retailer price and 

about the order quantity. Then the farmer decides about his order quantity of animals and the 

length of the breeding period. A special feature of this paper is the separation into two periods, 

a breeding period and a consumption period. During the breeding period, the animals grow at 

the farm, which leads to increasing costs for the supplier. During the consumption period, the 

retailer sells perishable meat to customers.  

The authors compare a centralized with a decentralized scenario for the supply chain and the 

application of dynamic pricing with a static pricing scenario. They also conduct a sensitivity 

analysis. The results indicate that a centralized scenario with an appropriate profit-sharing 

contract increases the total profit by 24.5 percent and lowers the retailer’s selling price. The 

dynamic pricing strategy increases the profit by 8.8 percent and decreases waste by 12.03 

percent. 

 

2.2 Other Methods 

This section deals with papers that apply other methods than OR. In the two cases that are 

presented below, interviews were conducted to collect data, apply them to a simulation model 

and conduct numerical experiments. Also, hypothesis testing was applied.  

The authors Chung and Li (2014) use a simulation model and numerical experiments to 

evaluate the impact of the frequency of discounting the price on the retailer’s profit, sales 

volume, and disposal rate. The basis for the model and input data are interviews conducted 

with retailers in South Korea and the United Kingdom. The collected data show that a two-

period pricing model is applied in the supermarkets, which means that the price for perishable 

food is adjusted once during the sales period, shortly before the expiry date is reached. 

Furthermore, the stock is replenished every day by the amount that was sold the day before. 

This strategy causes a challenge because when the price is adjusted only once, but the stock 

is replenished every day, there are periods in which the supermarket offers the same 

perishable product for the same price but with different quality. The authors argue that, in the 

situation described above, consumers will decide to buy the freshest product, which leads to 

older products being unsold and disposed of. Therefore, the goal of this paper is to find out 
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whether a multi-period pricing strategy, e.g., discounting the price every day or every two 

days, will reduce the disposal rate and increase the profit and sales volume, since less fresh 

products can also be sold.  

Chung and Li (2014) compare the profit, sales volume, and disposal rate for single-period, 

two-period and multi-period (every day and every two days) pricing strategies, for different 

lengths of the sales period (7, 11, and 15 periods) and for different values of the replenishment 

amount. The results show that the everyday discount strategy leads to a profit increase of, 

depending on the length of the sales period, 6.25 percent to 20.32 percent. The waste is also 

reduced if the demand is accurately estimated, and the stock is managed in accordance with 

the demand prediction. The findings also indicate that the everyday discount strategy is 

especially suitable for products with a short shelf-life, if the inventory level is higher than the 

demand and for products with a high sales volume.  

Chung and Li (2013) conducted interviews with retail store managers in South Korea to gain 

insights into the effects of a multi-period DP strategy on customer satisfaction and their 

willingness for trade-offs between price and quality of a fresh product.  

The authors differentiate between the present pricing strategy, which is discounting the 

products three days before reaching the expiry date by 30 percent, and the multi-period DP 

strategy, which means reducing the price seven days before by 3.21 percent and raise the 

discount rate to 22.5 percent on the last day before the expiry date. Four different hypotheses 

are tested. The results show that, first, if the consumers consider the freshness of a product to 

be low, the satisfaction with the present pricing strategy is low. Second, if the satisfaction with 

the present pricing strategy is low, the acceptance of the multi-period pricing strategy is high. 

Consumers are more willing to trade-off between quality and price when their satisfaction with 

the multi-period pricing strategy is high.  

In contrast to the other journal articles, Chung and Li (2013) offer a different perspective on 

DP in the FSC.  
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3 Managerial Insights and Conclusion 

The goal of this report was to review the relevant literature on DP in the FSC. Table 1 gives an 

overview of all considered papers. The reviewed papers were categorized in applying OR 

methods and others. The OR method using literature was further subdivided according to the 

number of SC actors and whether replenishment was considered or not. The articles were 

reviewed in terms of the objective function, solution method, and results.  

 

Table 1: Overview of all considered papers (own figure) 

Except for one paper, that applied a bi-objective approach and minimized food waste, the 

objective was profit or revenue maximization, either for the retailer in the case of one actor or 

for the whole channel in the case of two actors.  

Concerning the solution method, the underlying models were first solved with different 

mathematical methods and then a numerical experiment and sensitivity analysis was 

conducted to measure the influence of input parameters on the result. Furthermore, different 

scenarios were compared, e.g., a static and a dynamic pricing scenario to investigate the 

difference in profit/revenue and food waste.  

The results generally indicate that the application of DP, in contrast to a static pricing strategy, 

in a FSC can increase the profit of the actors and reduce food waste as well. The sensitivity 

analyses reveal that, e.g., the higher the price elasticity of the consumers, the higher the 
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effects of DP and the higher the revenues. The more consumers are quality rather than price 

oriented, the more products are sold at the regular price. The price is discounted more often 

when the decay rate of a product is high. When holding costs and fixed costs are low, the 

price reduction is higher. Concerning the replenishment cycle, a high decay rate and high 

holding costs lead to a shorter replenishment cycle, a high price sensitivity causes a longer 

replenishment cycle. When more than one actor of the SC is considered, a centralized 

scenario with a profit-sharing contract increases the channel profit by decreasing the retailer 

price. When the price changes too often, the costs of implementing the changes outweigh the 

positive effects of the DP strategy.  
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Appendix 

 

Table 2: Classification of all papers about DP in FSC – OR methods (1/2) (own figure) 
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Table 3: Classification of all papers about DP in FSC – OR methods (2/2) (own figure) 
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Table 4: Classification of all papers about DP in FSC – Literature reviews (own figure) 

 

Table 5: Classification of all papers about DP in FSC – Other methods (own figure) 
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