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Abstract  
This paper presents an analysis of the vehicle mileage incurred by carriers and customers using local collection/delivery points (CDPs) for failed first-time home shopping deliveries compared with the traditional carrier redelivery method. A number of key factors were identified, including the delivery failure rate, the carrier depot distance from the delivery area, the number of available collection points, the preferred modes of transport used by householders and the extent to which trips were combined with each other. The results of a case study using CDPs in the city of Winchester, UK indicated that customer mileage could be reduced by over 80%, while the estimated impact on carrier mileage was negligible. Worst-case and best-case scenarios for the collection point delivery method were also modelled, which demonstrated that overall mileage could be reduced by 80% or increased by 40% depending on the assumptions made about the key factors. 
1. Introduction 
Shopping from home (or work), including orders placed through mail order catalogues, internet, telephone or interactive television, generates a large and growing number of carrier trips to customers.  It has been estimated that 540 million parcels will be shipped as a result of internet shopping alone in the UK in 2006, a growth of 2600% over the past five years (Roper, 2006). Given these increases in delivery vehicle movements, of increasing concern are the numbers of failed home deliveries where no-one is at home to receive the package. Estimates of delivery failure rates related to small package deliveries where a delivery time has not been agreed in advance vary from 60% (Department of Trade and Industry, 2001) to 12% (Roper, 2006). 
One emerging option to tackle this problem is for the carrier to take failed deliveries to local collection/delivery points (CDPs), such as convenience stores, petrol stations, post offices, for later collection by the customer.  The main advantage of this delivery option to the customer is that they can collect their failed deliveries locally rather than having to collect from a carrier’s depot, which might be a considerable distance away, or having to arrange to be at home for an attempted redelivery. The CDP concept has distinct advantages for the carrier too, providing secure delivery while, at the same time, reducing wasted mileage associated with rescheduling deliveries to customers. This paper aims to assess the overall travel impacts of using local CDPs for failed deliveries based on a case study in Winchester, UK.
2. Overview and review of relevant literature 
The aim of this paper is to estimate the travel impacts of failed deliveries of small to medium sized packages, in terms of the time and distance incurred by the carrier in delivering goods and the distance travelled by customers in collecting failed deliveries, either from the carrier’s depot or from local CDPs. Time taken by customers in collecting goods is certainly relevant but is excluded in this analysis due to the difficulty of comparing and evaluating the different aspects of time expenditure, which could include time taken in driving or walking to a depot or local CDP, waiting at the depot or CDP for the package to be retrieved, and waiting at home for a redelivery which might require time to be taken off work. 
The costs associated with failed deliveries were estimated by the Interactive Media in Retail Group (IMRG, 2005). From a sample of five carrier companies, IMRG determined that the average reprocessing cost of a failed home delivery, incorporating the initial return of the item to the carrier’s depot, storage, reprocessing, call centre costs and a single redelivery attempt would be between £1.90 and £3.40 (depending on additional charges). Based on their estimate of a 12% delivery failure rate, this could equate to a shared cost among carriers of £91 million per annum which could be avoided if alternative delivery/collection schemes were introduced. These costs are an additional burden to the distribution sector which is already trying to achieve economies of scale in a customer focused ‘just-in-time’ environment which creates inefficient less-than-vehicle loads (Niles, 1994; Lin and Mahmassani, 2002).
IMRG also estimated the potential benefits to consumers of using attended or unattended delivery solutions for handling missed deliveries. Their results suggested that the average consumer experiencing a missed first time delivery would spend 120 minutes re-arranging that delivery. This time could be spent in follow-up telephone calls, waiting time for the delivery vehicle, physically travelling to the carrier’s depot to collect the item, or time spent cancelling the order, making a compensation claim or setting up delivery with a new supplier. Across the UK on-line shopping industry, IMRG estimated that £1.76 billion per annum could be potentially saved through improving the efficiency of home deliveries, based on an assumed customer time cost of £12 per hour.  Although the derivation of this customer time valuation was not explained by the authors, and may be considered to be too high, particularly as waiting time at home may not be classed as wasted time, it is clear that failed deliveries are costly to customers, as well as to carriers and retailers. Considerable benefits could be realised to all parties if the ‘last-mile’ element of the transaction could be made more efficient.
A large proportion of the research into travel associated with home shopping has focused on groceries. The nature of these deliveries is quite different from ‘standard’ courier deliveries of small to medium sized packages, as the customer usually has prior knowledge of the delivery time window and is consequently at home to receive the goods. A relevant issue is the extent to which shopping trips are combined with other trips and whether visitors to the collection points would ‘trip chain’ making the journey more efficient. . Many grocery trips are made as dedicated journeys, starting and finishing at the home but research has suggested that up to 40% of food shopping trips are combined with other activities as part of a trip chain (Cairns, 2005). Householder travel reductions in the range of 75% - 90% have been estimated by different authors for various supermarket home delivery schemes (Cairns (1998 and 2005), Palmer (2001), Punakivi and Saranen (2001), Farahmand and Young (cited in Cairns (2005)). 
Considerable work has addressed various vehicle routing problems related to multi-drop deliveries and collections with time window constraints (e.g. Cordeau et al., 2002; Solomon and Desrosiers,1988). This has tended to concentrate on the problems associated with optimally dispatching goods from central warehouses to multiple customers under guaranteed delivery time windows (Ioannou et al., 2001; Repoussis et al., 2006) and the scheduling of supplier collections and customer deliveries from regional distribution centres involving heterogeneous products and vehicles (Currie and Salhi, 2003; Eglese et al., 2005).
Optimising carrier rounds was not the focus of this research however and the impact of unpredictable failed deliveries and their mitigation using alternative delivery addresses during a round appears to have been little researched.  
3. Attitudes towards home shopping and alternative collection points
Increased use of attended delivery solutions commonly known as collection and delivery points (CDPs) could improve the efficiency of home deliveries significantly. Using convenience stores, petrol stations and post offices, several companies (e.g. Kiala, MyParcel, Royal Mail, Parcel Force) have recently launched CDPs with varying levels of success (Rowlands, 2006). Consignments are delivered into the CDP by the carrier and their details registered and passed back to the service provider. The service provider then informs the customer who travels to the CDP with proof of identity to collect the goods.
The research described here was based on a business-to-consumer (B2C) CDP service offered by Collectpoint using Londis, One-Stop and Co-op convenience stores. Collectpoint has since ceased this operation. At the time, packages up to a defined weight and size (20 kg, 1000mm x 750mm x 750mm) could be delivered into any of approximately 1500 Collectpoints nationwide for a fee of £2.95 per item providing that the retailer had been notified of the Collectpoint address and the customer had set up the transaction with Collectpoint in advance.
A questionnaire was designed as part of an EU-funded project (MIRACLES, 2006) to determine the attitudes towards home shopping amongst householders in Winchester, including frequency of purchases, experience of failed deliveries and attitudes towards the local Collectpoint CDP concept. The questionnaire was posted in September 2004 to 1600 households who either lived or worked in the city. A total of 790 questionnaires were completed and returned, giving a 49% response rate.  The responses indicated that the average number of persons per household was 2.3 and that overall, the households in the sample were above the national average in terms of affluence. A large proportion (81%) owned their own property compared to 70% nationally (National Statistics, 2005) while 90% had access to at least one car (compared to 73% nationally). Around 70% of households had a home computer linked to the internet. 
The results suggested that the average household received twelve home shopping deliveries per year with a ‘first-time missed delivery rate of around 25% (Figure 1). 
Figure 1 – Frequency of missed deliveries as estimated by respondents

Respondents were asked their likely mode of transport to collect a package from their local Collectpoint if they were to use the service (the households having been informed of their nearest CDP location). The results indicated that 48% would walk, 43% would use the car, 5% would cycle and 4% would take the bus. Using the radial (crow-flight) distances from the respondents’ homes to their nearest CDP (Figure 2) showed that 52% lived within half a mile (0.8km) of a CDP, implying that walking/cycling could be a serious option for small package collection. The average crow-flight distance across the sample was 0.75 miles (1.2km) with the average road distance (calculated using Microsoft MapPoint) being 1.2 miles (2km). 
Figure 2. Crow-flight distances to nearest collection point 
The results suggested that 28% of households travelled to a carrier’s depot to collect a missed home delivery between 3 and 11 times per year with a further 35% stating they would make such a trip between 1 and 2 times per year. Eighty seven percent of respondents stated that such a trip would be made by car, with 50% of these being for the sole purpose of collecting the package.
The respondents were generally positive towards using a local CDP for re-directing their failed home deliveries, with 83% saying that they would consider using it. Concerns raised related to the security of the packages at the CDP, parking problems, the cost of using the scheme and the potential increase in localised congestion around the CDP.
4. Analysis methodology 
A heuristic approach was taken as the problem being considered was quite specific and, to the authors’ knowledge, had not been previously studied. The approach involved the use of an off-the-shelf vehicle routing package, LogiX (DPS International, 2006), to determine the optimal route for the carrier around a sample of the delivery (and redelivery) addresses in Winchester, taken from the survey respondents. Where the carrier had to also visit local CDPs to drop off missed deliveries, these points were inserted manually on the round, as appropriate, ensuring that they occurred after the delivery attempt had been made.

Two delivery methods were compared in the analysis, referred to here as the ‘existing delivery method’ and the ‘CDP method’. The existing delivery method had the following characteristics: 
1. The carrier makes up to two attempts to deliver to the home on successive days
2. Packages not delivered on either attempt are returned to the carrier’s depot

3. Individuals collect missed deliveries from the carrier’s depot 
The CDP method had the following characteristics:

1. The carrier makes only one attempt to deliver to the home
2. Undelivered packages are taken to the local CDP on the same day
3. Individuals collect missed deliveries from their local CDP
The estimates of customer travel were made using assumptions taken from the questionnaire survey. In most cases a range of parameter values were considered, as the results were quite sensitive to the assumptions made.
4.1 Number and density of delivery addresses
The number and density of delivery addresses clearly affects the time and distance incurred by the carrier. In a relatively small city such as Winchester, a workload of 50 delivery addresses in one day is typical (Metapack, 2005). A sample of fifty delivery addresses was selected randomly from among the questionnaire respondents living in Winchester and the surrounding area (Figure 3). For the existing delivery method the carrier had to visit additional addresses, representing the failed deliveries from the previous day. These redeliveries were also sampled randomly. Different random samples were used to ensure that the results obtained were robust. 
Figure 3. Collection points (flags) and fifty delivery addresses (dots) in Winchester
4.2 Proportion of missed first time deliveries and redeliveries
First time delivery failure rates of 10%, 30% and 50% were considered, to test the sensitivity of the results and because estimates for this parameter varied considerably in the literature. No data were available about the proportion of redeliveries which would also fail. An estimate of 50% was made, based on the assumption that a high percentage of deliveries that failed first time would also fail second time due to the circumstances of the household members. 
4.3 Number of collection/delivery points
The number of CDPs in an area affects both the carrier’s and customer’s travel. A greater number of CDPs will benefit the customer and reduce their average travel distance but may increase carrier travel. The base case considered in these analyses was to use the five convenience stores in Winchester which were used by Collectpoint (Figure 3). The effect of using different numbers of CDPs was also investigated by removing from, or adding to the original five locations. In each case the CDPs were selected to provide as even coverage of points as possible. In each scenario it was assumed that the carrier would have to visit all of the CDPs. This was done for simplicity and to represent a worst-case scenario. In practice, some CDPs would not be visited on some days, depending on the locations of failed deliveries. 
4.4 Distance of the carrier’s depot from the delivery area
In the case study example the carrier’s depot was 13.3km from central Winchester. Other hypothetical depots, at different distances from the delivery area, were also considered.
4.5 Customer distance travelled
Customer driving distance was calculated based on the number of failed first-time deliveries, the average round trip distance by road from the householder’s home to the CDP or carrier’s depot and the proportion of people travelling by car. 

4.6 Levels of car use
The questionnaire survey results suggested that 43% of householder’s would travel by car to their nearest CDP. In this analysis, a slightly higher figure of 50% was used, with the belief that in reality, fewer walking trips would occur than was suggested by the respondents (48%). The survey results suggested that 87% of customer trips to the carrier’s depot were by car.
4.7 Combining trips
In trying to assess the impact of the delivery methods on road travel it is important to consider the extent to which these trips are combined with other trips to allow an estimate of the added distance associated with the collection to be made. The total customer added distance was calculated as:
(1- +) x total customer distance travelled to and from CDP/depot

where


= proportion of people combining their trip with another trip

= proportion of distance considered to be attributable to the collection for those people combining their trip
For both delivery methods was assumed to be 0.5: around half of the questionnaire respondents stated that their trip to a carrier’s depot would be for the sole purpose of collection, with the others stating that they would likely combine the trip with another activity. 
No data were available for so estimates were derived based on a simplistic mathematical analysis which was based upon the assumption that the greater the distance to the CDP (or depot), the more likely that the added mileage would be attributable to the trip. Estimated values for of 0.5 and 0.75 were assumed for the CDP and existing delivery methods respectively, under the assumption that the carrier’s depot would be at least twice as far away from the customer as their local CDP. 
4.8 Carrier time and distance costs
The carrier’s driving distance was estimated with the aid of the vehicle routing software package LogiX which aimed to produce the quickest delivery rounds for the carrier. For the CDP delivery method a heuristic method was devised which consisted of manually inserting visits to the CDPs into the optimal delivery round order, immediately after all of the addresses in the CDPs catchment area had been visited. This was considered to be an intuitively reasonable method, and, perhaps, one that would be adopted by the carrier, although it is recognised that it does not guarantee the optimum route. It was outside the scope of this research to investigate optimum vehicle routing methods for this particular problem. 

The carrier’s travel time was derived from the distance travelled, assuming an average speed of 19mph (30kph) taken from national statistics (Department for Transport, 2005). The carrier’s time taken in making the deliveries, excluding driving time, was estimated as being five minutes per delivery address, including delivery to a CDP. This estimate resulted in an overall round time, excluding time taken to travel from and to the depot, of around seven hours, which was considered to be reasonable.  

5. Results 
The effects of varying the proportion of failed deliveries, the number of CDPs and the depot distance were investigated.  In all cases, times taken and distances travelled were derived for the deliveries associated with a single delivery round, consisting of fifty delivery addresses plus any redeliveries from the previous day for the existing delivery method.
5.1  Effect of first time delivery failure rate 

Carrier distance increased for the existing delivery method, as the number of redeliveries to be made increased (Table 1). At the 10% and 30% delivery failure rates the distance was greater for the CDP delivery method, indicating that the added distance associated with visiting the CDPs was greater than that associated with making the redeliveries. At the 50% delivery failure rate the distance for the existing delivery method exceeded that for the CDP delivery method due to the significant number of redeliveries to be made. At a 10% delivery failure rate the time taken by the carrier was greater for the CDP delivery method and at a 30% delivery failure rate, the CDP delivery method was becoming more efficient for the carrier in terms of time taken. The break-even point would have been around the 20% delivery failure rate, although this scenario was not explicitly modelled. 

Table 1 – Effect of first time delivery failure rate 
The CDP delivery method had a major impact in terms of reducing customer collection distance, being approximately one-sixth of that for the existing delivery method. This result was due mainly to the assumptions that the carrier’s depot at 13.3km (based on an existing carrier’s depot) was six times further away from householders’ homes than their local CDP (average distance 2.2km). The incidence of car travel was assumed to be 87% for travel to the carrier’s depot but only 50% for travel to a local CDP, and the proportion of distance considered to be attributable to the collection for those households combining their trip was assumed to be 75% for visits to the carrier’s depot but only 50% for visits to the local CDP.
5.2  Effect of collection point availability

The number of CDPs affected the average customer travel distance to their nearest CDP (Table 2). It was assumed that as this distance increased, the incidence of car travel would also increase and that the proportion of the trip that may be attributed to the collection would also increase. There were no data available on this for the different CDP scenarios investigated so parameter values were estimated by interpolation (Table 2). 

Table 2. Effect of collection point availability

Carrier distance on the delivery round increased as the number of CDPs to be visited by the carrier increased. A difference of 17.5km in the carrier distance was observed between the two extreme scenarios of CDP availability where one and seven CDPs were provided, respectively, in the Winchester area. The carrier distance for the existing delivery method, at 75km, was lower than for any of the CDP scenarios, as in this example a 10% delivery failure rate was assumed.  The carrier’s round time increased as more CDPs were added due to the additional driving and time required at the CDPs. 

It is clear that increased CDP availability is beneficial to customers as they have shorter distances to travel. The estimates shown also reflect the assumptions that shorter distances imply fewer car trips and that the added distance attributable to collection may also be reduced.
5.3  Effect of depot distance
The main effect of the depot distance is on the distance travelled by customers in collecting failed deliveries. The depot distance is also likely to affect the level of car use and the proportion of the trip that is attributable to the collection.  Substantial savings in customer mileage were estimated in the example where the carrier’s depot was 13.3km away. If the carrier’s depot was closer to the delivery area than that considered here then the customer added mileage for the existing delivery method would be reduced. It is of interest to consider the minimum depot distance such that the CDP delivery method continues to provide a benefit in terms of customer added mileage. It is difficult to determine this distance precisely since it is not clear what parameter values to assume. The proportion of failed redeliveries, is a crucial parameter in the analysis, as it determines how many people have to make a trip to the carrier’s depot. If is assumed to be 50% then the number of people visiting the carrier’s depot would equal half of those visiting a local CDP. Under this assumption, the CDP delivery method would provide customer added mileage benefits whenever the depot was at least two times further away than the average distance of a local collection point. If is, in reality, less than 50%, then the break-even point for the depot distance would be more than two times the average distance to a local collection point. 
6. Conclusions
The analysis and discussion presented in this paper have demonstrated the circumstances under which a delivery method based on using local collection/delivery points (CDPs) is likely to be superior to an existing delivery method, involving redeliveries to households, in terms of carrier and customer mileage and the carrier’s delivery time. The key factors affecting benefits are the delivery failure rate and redelivery failure rate, the depot distance from the delivery area, the number of available CDPs, the modes of transport used by householders to make collections, and the extent to which car trips to make collections are combined with other trips that would have to made anyway. The parameter values for each of these factors will vary according to local circumstances. In the Winchester case study example considered here, with a depot 13.3km away from the centre of the delivery area and five CDPs available, the modelled results suggested that customer mileage could be reduced by over 80%. The impact on the carrier was estimated to be small, there being a trade-off between the need to visit the CDPs and the need for redeliveries.
The results are highly sensitive to the parameter values assumed in the analysis. The most favourable case for the CDP method occurs when 1) the carrier’s depot is far away from the collection area and not in a convenient location to allow the trip to be combined with another trip, 2) significant numbers of people walk to their local collection point, and 3) where there are many first-time home delivery failures. Best-case and worst-case scenarios for the use of CDPs (Table 3) give an indication of the wide range of results that might occur in practice.  It can be seen that under the most favourable circumstances for the CDP method, assuming a first-time failure rate of 30%, the customer distance savings from using local CDPs over travelling to the carrier’s depot (30km away) were substantial (97% reduction in collection mileage). The carrier enjoyed modest savings through avoiding redeliveries. Under the least favourable circumstances the collection point method doubled the amount of car travel by customers and also increased the carrier’s time and distance requirements where it was assumed that only 10% of first-time deliveries failed, and the average distances from the households to the local CDP and carrier’s depot were 5km. Further research on customer behaviour in response to failed deliveries, including the propensity to drive to a local collection point or depot and the level of trip chaining, would be useful to allow stronger conclusions to be made.   
Table 3. Best case and worst case scenarios for use of collection points
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Figure 1 – Frequency of missed deliveries as estimated by respondents
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Figure 2. Crow-flight distances to nearest collection point 
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Figure 3. Collection points (flags) and fifty delivery addresses (dots) in Winchester

Table 1 – Effect of proportion of failed deliveries 
	
	Collection point method
	Existing delivery method

	1st time delivery failure rate
	10%
	30%
	50%
	10%
	30%
	50%

	Carrier distance (km)
	93
	93
	93
	75
	86
	107

	Customer added distance (km)
	8.3
	25
	41
	51
	152
	253

	Carrier time (hours)
	7.7
	7.7
	7.7
	7.1
	8.3
	9.8


 Table 2. Effect of collection point availability 
	
	Collection point 

delivery method
	Existing method 

	no. collection points
	1
	3
	5
	7
	-

	average road distance (km)
	4.4
	3.5
	2.2
	1.8
	-

	car travel to collection point
	70%
	60%
	50%
	45%
	-

	added distance attributable to the collection 
	70%
	60%
	50%
	45%
	-

	carrier distance (km)
	78
	84.5
	93
	95.5
	75

	customer added distance (km)
	26
	16.5
	8
	6
	50.5

	carrier time (hours)
	6.9
	7.2
	7.7
	7.9
	7.1


Table 3. Best case and worst case scenarios for use of collection points
	Parameter values assumed 
	best case
	worst case

	proportion of failed first time deliveries 
	30%
	10%

	average distance from homes to nearest collection point 
	1km
	5km

	average distance from homes to carrier's depot 
	30km
	5km

	% walking to local collection point 
	60%
	25%

	% walking to depot
	0%
	25%

	% combining trip to collection point with other trip
	50%
	30%

	% combining trip to depot with other trip
	25%
	30%

	Customer distance by car 

	for existing method 
	450km
	19km

	for collection point method
	 12km
	38km

	Carrier round distance 

	for existing method
	107km
	75km

	for collection point method
	 93km
	93km

	Carrier time 

	for existing method
	9 hours
	7.1 hours

	for collection point method
	7.7 hours
	7.7 hours


Note on Table 3: calculations are based on a single carrier’s round
































