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ABSTRACT 

In order to improve the logistics for locally produced food, and its integration with large-scale distribution systems, the 
conceptual idea of optimised and integrated logistics networks was analysed and demonstrated in a pilot project of local 
food producers in southern Sweden. The main objective of this paper was to assess the e-trade integrated logistics sys- 
tems, economic benefits and environmental impact of integrated logistics systems, based on route optimisation analyses 
and producer data collected using questionnaires. The study revealed that the introduction of IT-systems for electronic 
trade had positive and negative economic effects. Internet-based cloud services designed for electronic business-to- 
business trading and coordinated transport with a common collection centre (CC) were important steps in the process of 
integration. The pilot project also showed the importance of a flexible organisation and a strong driving partner to con- 
tinue and develop collaboration. Route optimisation could reduce the route distances, decrease the environmental im- 
pact and provide economic benefits due to reduced working hours. The lowest estimated global warming potential from 
vehicle emissions was found when coordination was considered for collection to the CC and to and from the distribu- 
tion centre (DC). The lowest estimated potentials for acidification, eutrophication and human toxicity were found when 
integrated collections and deliveries took place during each route. To identify how the local food supply chains should 
be organised, more case studies of local food producers in different settings and under different conditions need to be 
carried out. With further case studies and surveys, more general patterns of variation and relations between variables 
may also be identified. 
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Impact 

1. Introduction 

There is growing interest in local food products and 
consumer confidence in local food is high. Local prod- 
ucts are commonly seen as more environmentally friendly, 
more genuine and natural, of better quality and better in 
terms of working situation and rural development [1]. 
Local food products can be produced in more sustainable 
ways than currently, and can have a significant impact on 
the local environment and economy, as well the local 
community [2]. However, Wretling Clarin [1] argues that 
it is uncertain to what extent the products meet the cus- 
tomer expectations on sustainability and quality, due to 
the lack of established uniform labelling or criteria for lo- 
cal/regional/small-scale produced food. Ilbery and Maye 
[3] even warn against irresponsible combinations of 
terms such as “local”, “alternative” and “sustainable”. 
Whereas the lack of a standardized definition of local  

food [4] makes it difficult to compare local and non-local 
food, discussions about definitions are taking place, e.g. 
in Sweden [5]. Although the potential gains from im- 
proving conventional agriculture and international supply 
chains can be great [2], it is also concluded by Wallgren 
[6] that “There is a potential to organize local food trans- 
port in new ways to reach interested consumers, which 
could improve energy efficiency in local food transport” 
(p. 248). This statement addresses the logistics system as 
a whole, and considering that local and regional food has 
seen a strong increase on the market during recent years, 
an important task is to develop effective and sustainable 
logistics systems for these products. It is therefore of 
great importance to analyse and look for improvements 
in the system for local food products. 

The transport sector consumes fossil energy and has a 
considerable impact on the environment and health. 
When the products (i.e. locally produced food) are ex- 
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pected to be more environmentally friendly and reduce 
transport intensity, it is important that the transport sys- 
tem is also organised as effectively as possible to meet 
these expectations. Wallgren and Höjer [7] propose a num- 
ber of ways for reducing the energy use, such as energy- 
efficient vehicles and logistics and increased e-commerce 
for reduced dependence on private cars and further streng- 
thening of local food production.  

In order to develop more effective and sustainable 
food distribution systems it is necessary to identify and 
evaluate existing logistics models for local and regional 
food [8]. Mapping studies of the distribution of local 
food have been carried out in e.g. Great Britain [9], Fin- 
land [10] and also in developing countries such as Hon-
duras [11]. In Sweden, small-scale producers have been 
investigated in several surveys [1,5,12]. It is equally im-
portant to identify successful practices in effective logis- 
tics systems, not necessarily limited to food supply chains. 
Collaboration between companies is one of these prac-
tices; in a supply chain, it is more important to coop- 
erate in order to create the most competitive chain than to 
compete for individual company profits [13]. This col- 
laboration depends on communication and information 
sharing and may be referred to as integration, especially 
when real-time electronic communication systems are 
employed. In integrated systems, coordination of physic- 
cal, economic and information flows between companies 
is necessary.  

According to Swedish logistics managers at larger 
manufacturing companies [14], there is a clear relation- 
ship between the intensity of collaboration and the posi- 
tive effects experienced from collaboration. However, it 
has also been argued that there is an optimal level of sup-
ply chain integration, where over-investment is avoided 
[15]. In many cases, sharing information is the most ap-
propriate way to collaborate [16]. Matching the required 
level and amount of information with the supply chain 
flexibility is also important [17], while it should be taken 
into consideration that small-scale producers may not 
achieve the same effects of collaboration as large-scale 
producers.  

By tradition, it has been difficult for small-scale pro- 
ducers to become suppliers to large-scale retailers, due to 
small volumes of production, seasonal production varia- 
tions [18] and high logistics costs [5]. Many producers 
transport their products by themselves, often due to lack 
of better and inexpensive alternatives [5]. However, re- 
cent developments of customised and integrated local 
networks could facilitate the integration of local food 
into large-scale food distribution channels [19]. Network 
integration in this manner has many potential advantages 
for the improvement of logistics services in local food 
systems: 

 Coordinated food transport can reduce mileage and 
transport time through optimised routes [10,14,20- 
23]; 

 Expanded market for producers [24]; 
 Reduced costs and increased competitiveness [14,25- 

27]; 
 Strengthened relationships between producers, distri- 

butors, retailers and consumers [18,28,29]; 
 Better exchange of knowledge, experience and infor- 

mation [18,30-32]. 
New logistics concepts for local food products are 

currently being developed and there is a growing market 
where consumers have high expectations on product qual- 
ity and environmental benefits. Thus, there is a strong 
need for case studies that show how companies can actu-
ally reduce costs and increase their competitiveness and 
at the same time reduce the environmental impact. Fur-
thermore, there is a need for further development of the 
methods to evaluate the environmental performance and 
potential economic benefits for the producers in the local 
food systems.  

In a pilot project in the region of Halland, southern 
Sweden, a new logistics solution for the integration of 
small-scale producers and a large-scale food distribution 
channel (LSFDC) was implemented and demonstrated. 
This included start-up of a common collection centre (CC) 
and coordinated transport to the retailer’s distribution 
centre (DC). The results from the first part of the evalua- 
tion of the project, based on localisation and route opti- 
misation analyses, are reported by Bosona et al. [33]. As a 
result of the localisation study, one company was rec- 
ommended as the most suitable location for a CC [33] and 
this company carried out the daily collection of products 
from the other producers during the test phase of the pilot 
project. The current paper presents the second part of the 
study, where the integrated logistics solution, with an 
e-trade system and coordinated distribution, is evaluated 
with respect to economic competitiveness and environ- 
mental impact.  

The main objective of the current paper was thus to 
assess the impact of integrated logistics and route opti- 
misation analyses as implemented in the pilot project for 
small-scale local food producers in the region of Halland, 
Sweden. Specific objectives were to assess the: 
 E-trade system;  
 Economic benefits of the new distribution and e-trade 

system; 
 Environmental impact of previously developed opti- 

mised distribution scenarios [33].  

2. Materials and Methods 

In order to assess the integrated distribution system and 
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the producers involved in the pilot project, a question- 
naire-based survey with complementary interviews was 
carried out. The results, describing the initial situation for 
ten producers, were compared with a limited national 
survey of small-scale producers [5].  

Assessment was made of the e-trade system and the 
impact and benefits of new information flows and changes 
and benefits in the economic situation were analysed. 
Emissions and environmental impacts were estimated for 
the four scenarios, from the route optimisation presented 
in part I [33], based on emission factors [34] and charac-
terisation factors [35,36]. Finally, post demonstration in- 
terviews with key representatives were held. 

2.1. Survey 

A group of local food producers in the county of Halland, 
southern Sweden, were considered in this project. The 
county covers 5462 km2 [37] and has nearly 300,000 
inhabitants [38] and significant agriculture and forestry 
production. Through questionnaires and interviews, data 
were gathered on producer location and delivery points, 
delivery frequency, quantity and type of products and ad- 
ditional product distribution information. The survey con- 
tained nine questions, Appendix A, and was conducted 
during December 2008-April 2009.  

Of an original sixteen candidates, ten (n = 10) actually 
joined the practical demonstration phase of the pilot pro- 
ject. Descriptive statistics were used to describe the group: 
frequencies, percentages, means, medians, and standard 
deviations. Apart from correlation analysis, the survey is 
mainly qualitative since the small number of observation 
in the case study did not motivate a more comprehensive 
statistical analysis. The results from the survey were 
compared with those of a limited national survey of 
small-scale food producers in Sweden (n = 78), with 
similar questions, previously reported in 2008 [5].  

2.2. Assessment of E-Trade System and  
Economic Effects in the Pilot Project 

The new e-trade system was described and analysed 
based on physical, economic and information flows. The 
pilot project sought to start up and demonstrate how this 
producer group could be integrated in distribution chain. 
Data collection for the economic analysis concerned 
changes in key logistics cost drivers: costs for packaging, 
warehousing, transport and IT. In addition, effects on 
working time for transport and marketing costs were 
considered, based on qualitative assessments. In the 
analysis, the initial cost levels (according to producer 
responses in the survey) were compared with theoretical 
costs for the pilot project, assuming that initial sales 
volumes were maintained. Thus, the possibility of in- 

creasing sales was not included, the reason being that the 
potential sales growth would have different effects on the 
participants due to size and would involve very uncertain 
projections. 

In the end of the pilot project, key informant inter- 
views were held with representatives of the producers 
and the large-scale distributor to investigate how the de- 
livery system functioned and what the main problems 
were. 

2.3. Emission Estimation 

The environmental impact of the transport from producer 
to retailer was estimated for the four scenarios (Figure 1) 
developed in the optimisation analyses presented in part I 
[33]. In Scenario 1, reference of initial situation, all pro- 
ducers transported their own products to their respective 
customers. In Scenario 2 every producer transported to a 
common CC and then there was common transport to 
retailer DC. The distribution from DC to the retailer’s 
shops was assumed to (option I) go via separate distribu- 
tion routes or (option II) be integrated in the retailer’s 
existing routes. It was assumed that the retailer’s vehicles 
already passed the shops for other deliveries on a regular 
basis, and that products from the local producers would 
not constitute more than 30% of the load. Scenario 3 dif- 
fered from Scenario 2 only in the first step, by coordi- 
nated collection of all products to the CC. Scenario 4 
involved integrated collection and delivery of products 
during each route, controlled by a communication centre, 
and without CC and DC.  
 

 

Figure 1. Vehicle type assumptions for the four scenarios 
defined in part I [33]. In Scenarios 2 and 3, the last distribu- 
tion link used light trucks in option I, and was integrated in 
LSFDC in option II. 
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The estimation of vehicle emissions was based on dis- 
tance covered (kilometres), vehicle type (passenger cars, 
light trucks and rigid trucks) and emission factors (g/km) 
for carbon monoxide (CO), carbon dioxide (CO2), hy- 
drocarbon (HC), nitrogen oxides (NOX), particulate mat- 
ter (PM) and sulphur dioxide (SO2). These emission fac- 
tors were taken from a Swedish handbook on air emis- 
sions from road traffic [34], based on the common EU 
model ARTEMIS. The emission factors selected con- 
cerned weighted values for mixed traffic (city/country- 
side) in 2009. Factors for passenger cars concerned 
weighted values for diesel and petrol cars, while the light 
and rigid trucks were all assumed to be diesel-powered. 

Regarding the vehicle type (Figure 1), two reference 
cases were formulated in Scenario 1. In case A, the dis- 
tances were covered by light trucks, and in the more de- 
tailed reference case B they were split between light 
trucks (67%) and passenger cars (33%), imitating the real 
situation better. Producers with smaller quantities per 
delivery (less than 400 kg), were assumed to use passen- 
ger cars and those with larger quantities per delivery 
(1000 - 2000 kg) were assumed to use light trucks. The 
reference cases A and B were then compared with three 
alternative scenarios. In Scenario 2, similar vehicle as- 
sumptions as for case B were used for the distance from 
the producers to the CC (346 km light truck + 173 km 
passenger car). The distances between CC and DC (208 
km) and from DC to shops (3047 km) in Scenario 2 and 
all routes in Scenarios 3 and 4 were assumed to be cov- 
ered by light trucks. In option II in Scenarios 2 and 3, the 
last distribution link from DC to retailers/customers was 
part of the LSFDC, covered by the retail chain’s vehicles 
(rigid trucks according to ARTEMIS nomenclature [34]). 
Emissions in Scenarios 2 and 3 option II were estimated 
excluding and including this last link of integrated dis- 
tribution.  

Based on the emission amounts in each scenario, the 
environmental impact was estimated by characterisation 
factors from the Ecoinvent V2.2 (2010) database. Factors 
from “CML1 2001” [35] were used for Acidification Po- 
tential (AP) as SO2-equivalents of NOX and SO2, Eutro- 
phication Potential (EP) as of NOX, 
and Human Toxicity Potential (HTP) as 1,4-dichloro- 
benzene equivalents of NOX, PM and SO2. Factors from 
“IPCC2 2007” [36] were used for Global Warming Po- 
tential (GWP100) as CO2-equivalents of CO2 and CO. 
HC was not included in any impact potential category, 
since no specific values for the general HC group were 
included in factors.  

3
4PO -equivalents

3. Results 

3.1. Survey of the Initial Situation 

The ten producers were located within the Halland 
County, a maximum of 70 km from each other (Figure 
2). The nearest cities were Falkenberg, Halmstad and 
Varberg. The variety of products was relatively large. 
The most common commercial products were ‘Fruits, 
vegetables, root vegetables and potatoes’, see Table 1. In 
the national study [5] meat was the most common pro- 
duct group, while the distribution for the other product 
classes was relatively similar between the studies.  

The average annual production quantities were similar 
in the studies but the range was larger in the national 
survey [5]. A summary of turnover, transport costs and 
time and load rate is provided in Table 2. The Halland 
producers had a higher average turnover than producers 
in the national survey [5]. The transport costs, expressed 
as percentage of total costs, were however similar in both 
surveys. The extent to which the producers considered 
working time for transport as a cost was not specified. 
Turnover, annual quantities, transport time and transport 
costs are presented in Figure 3. 

Among the transport related factors there was a corre- 
lation found between transport time and turnover: r = 
0.87 with a 95% confidence interval. This was based on 
n = 8 because of one missing observation for transport 
time and one 0 value. However, there was a clear depar- 
ture from normality in the dataset and because of viola- 
tions of the assumptions of normality and homoscedas- 
ticity, the data were log-transformed, resulting in a non- 
significant correlation between the two variables (r =  
 

 
1Institute of Environmental Sciences (CML), Leiden University, Neth-
erlands. 
2Intergovernmental Panel on Climate Change. 

Figure 2. Map of southern Sweden showing the location of 
the producers and the CC in the county of Halland, and the 
DC and the customers. 

Copyright © 2012 SciRes.                                                                                JSSM 



Integrated Logistics Network for the Supply Chain of Locally Produced Food, Part II: Assessment of E-Trade,  
Economic Benefit and Environmental Impact 

Copyright © 2012 SciRes.                                                                                JSSM 

253

 

 

Figure 3. Annual quantities, turnover transport time and transport costs for each producer in the Halland study. Producers 
are sorted by turnover. 
 
Table 1. Summary of the main branches of production, distribution methods, market regions and distances to delivery places 
among producers in the present study and in a national survey [5]. 

 Present study (n = 10 producers) National study (n = 78 producers) 

Branches, n (%)   

Fruit & vegetables 4 (40) 36 (46) 

Meat 2 (20) 41 (53) 

Eggs 2 (20) 12 (15) 

Grain & bread 2 (20) 12 (15) 

Dairy 1 (10) 7 (9) 

Other 2 (20) 12 (15) 

Distribution, n (%)   

Own vehicle 8 (80) 46 (59) 

Cooperation 2 (20) 21 (27) 

Transport companies 7 (70) 27 (35) 

Mean main delivery places, no. (range) 4.4 (2 to 7) na 

Mean distance to delivery place, km (range) 130 (4 to 625)* 169 (12 to 1300) 

Mean delivery frequency times/week (range) 2 (0.25 - 10) na 

na: data were not available; *Based on major customers, in totally 44 delivery points. 

 
Table 2. Summary of turnover, transport costs and time and load rate in the present study and in a national survey [5]. 

 Present study (n = 10 producers) National study (n = 78 producers) 

 Mean (range) Median SD Mean (range) 

Quantities, tonnes 49.5 (12 to 150) 30 42.8 58 (0.8 to 1040) 

Turnover, MSEK 19.5 (0.1 to 115)* 6.4 35556028 1.6 (0.02 to 16) 

Transport costs, % of total costs 4.6 (1 to 8)** 4.8 2.5 6.4 (na) 

Transport time, h/week 41.1 (0 to 230)*** 6.7 77.5 na 

Load rate, % 71 (40 to 100)*** 75 24.6 na 

na: data were not available; *For two newly started companies, expected turnover of 1 MSEK and 0.1 MSEK were used; **n = 8; ***n = 9. 
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0.54 and t = 1.57 at df = 6, p-value = 0.1685) and a linear 
regression showed no significant dependence. For trans- 
port time and quantities a correlation was found: r = 0.94. 
The log-transformed data were also correlated: r = 0.80 (t 
= 3.43 at df = 6, p-value = 0.0179).  

1) Market regions and distribution 
The average transport time was rather high, Table 2, 

but one producer carried out transport commissions for 
other companies, one reported zero hours and one re- 
ported a far larger value than the others. Exclusion of 
these producers resulted in an average 6.6 transport hours 
per week.  

Most of the producers (60% - 90%) sold their products 
to several markets, from sales on farm to sales within the 
whole country, see Figure 4. Only a small proportion 
(20%) exported their products. The option “within the 
own county” was most common in both surveys. The Hal- 
land producers had more sales outside of their county than 
the producers in the national survey, but their average 
delivery distance, and their range were shorter, Table 1. 
Since Halland is one of the smallest counties in Sweden 
this is not surprising. 

When asking the producers how many per cent of the 
production that was sold in different market regions, “within 
the own county” had highest average. 

Taking into account each producer’s production vol- 
ume the largest volumes were sold in own and adjacent 
counties, 36% and 28% of the total yearly production of 
nearly 500 tonnes. The mean values and range of the 
production sold in different regions are shown in Figure 
5. 

The producers named 44 main delivery points. Most 
points were located in Halland County (50%), and in the 
adjacent counties of Västra Götaland (25%), Skåne (11%), 
 

 

Figure 4. Sales in marketing regions (% of producers) com- 
pared with the national survey [5]. *There are probably 
overlap between “own farm” and “own municipality” in the 
national survey. 

 

Figure 5. Yearly production (in tonnes) sold in different mar- 
ket regions, mean values with range. 
 
Kronoberg (5%) and Jönköping (5%), see Figure 2. Two 
delivery points were located in non-adjoining counties, 
Södermanland and Stockholm. The average distance to 
main delivery points was about 130 km, Table 1, or 98 
km on excluding the two furthest points. Producers in 
Sweden as a whole had on average 169 km to their de- 
livery points [5]. The frequency of delivery to the major 
customers were in average two times/week, but had a 
wide range as some producers delivered ten times a week, 
while others delivered every other week and/or only dur- 
ing a limited period of the year.  

Most participants in the pilot project combined two 
solutions for the transport while collaboration in the sup- 
ply chain was relatively uncommon. Almost all produc- 
ers, Table 1, used their own vehicles, and engaged trans- 
port companies for certain routes or during certain peri-
ods. Only 20% indicated that they interacted with other 
producers. Answers from the national study [5] shown 
less usage of own vehicle, less engagement of transport 
companies but more cooperation.  

The load rates were in average 71%, Table 2, when 
the shipments left the farm. The proportions were >50%, 
“50%”, “75%” and “100%” were 10, 30, 20 and 30% of 
the producers respectively. 

2) Producer ambitions with the pilot project 
Nine producers answered an open question about pro- 

ducer ambitions and most of them wanted to reach out to 
customers in other parts of Sweden. The respondents had 
two main objectives: 1) to increase sales (e.g. by in- 
creasing geographical market area and exposure to re- 
tailers); and 2) to improve the logistics solution. Eight of 
the respondents expressed ambitions to grow through the 
pilot project. Three respondents indicated that the pilot 
project offered an improved and simplified logistics so- 
lution.  
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3.2. E-Trade System in the Pilot Project 

For integration of the small-scale producers into the 
LSFDC, new services were included in the retailer’s 
IT-system. These services were implemented as internet- 
based “cloud services”, see Figure 6, and customised to 
the smaller and often seasonally-based production of the 
small-scale producers. 

The IT-system used for ordering and controlling logis- 
tics services introduced in the project was an internet- 
based e-trade system, Exder, with two “cloud services”; 
one for the producers (Exder Market) and one for the 
retailers (Exder Marketplace) [39]. In this system, the 
producers could visually display their products to retail- 
ers in an internet interface. They could also price the 
products and control availability of products for different 
retailers individually. The flow of information (see Fig- 
ure 7) involved producers, CC, shops, the retail chain 
DC, and the retail chain’s central IT-system. Unlike with 
other suppliers to the retail chain, there was no central 
purchasing for these producers. They could add different 
price levels for different retailers, e.g. depending on 
transport distance. The retailer’s shops used their ordi- 
nary ordering system for viewing these products. Orders 
from the shops could be added directly in the e-trade 
system by themselves, or by contacting the producers 
who could enter the order in the system. The first year’s 
licence cost was paid for by the LSFDC.  

3.3. Economic Effects in the Pilot Project 

1) Packaging and warehousing 
According to the respondents, at this stage it was not 

decided how much the producers would have to pay for 
the usage of special (return) boxes, designed for, and used 
without charge, during the project. It was also not decided 
whether the CC would only act as a cross-docking station,  
 

 

Figure 6. Distribution system and IT-system based on two 
cloud services. 

or if warehousing costs would be incurred by the pro- 
ducers.  

2) Transport costs 
Instead of driving to all the customers, it was only 

necessary to drive to the CC, which was geographically 
well located. However, the actual cost changes and de- 
pended on the distance to the CC and how the products 
had been delivered previously. Collection to the CC cost 
about 80 SEK per pickup occasion. If two producers had a 
common pickup point they could split the cost. Collection 
of produce from farms was done every weekday.  

Six of the companies supplied the information about 
both transport costs and time, citing a range of 28.5 
kSEK to 6.9 MSEK. Excluding two producers (one doing 
other transport services and one stating very high trans- 
port costs and nearly no transport hours), the average 
transport cost per hour for the remaining four producers 
was calculated based on this information to be 268 SEK 
per hour.  

The cost for transport from CC to DC depended on the 
volume handled. The transport fee for a box was 54 SEK, 
a pallet 232 SEK and a freezer box 414 SEK. Transport 
from DC to retail shops was not charged, based on the 
assumption that the goods considered could use available 
free cargo space in the retail chain’s distribution vehicles. 

3) IT costs 
Each order, requiring six electronic messages through 

Exder, cost in total 17.70 SEK. Using less paper docu- 
ments such as invoices, savings could be made on postage, 
printing (toner + wear and tear on the printer), envelopes 
and paper. Excluding working time savings for the manual 
handling of invoices, the direct savings were approxi- 
mately 15 - 20 SEK per invoice, thus balancing the com- 
munication cost. In cases where there was no computer, 
internet connection and/or printer, this had to be pur-
chased. From year 2, there will also be an annual fee of 6 
300 SEK. IT-support costs were added right from year 1, 
but may decline as users gain experience and may even- 
tually be avoided (fixed cost fee was also available).  

3.4. Environmental Impact of the Pilot Project  

The estimated emission amounts from the four scenarios 
are reported in Table 3. Scenario 1, Case A (all produc- 
ers transporting by themselves with light trucks) had the 
highest value of CO2, NOX, PM and SO2 emissions. Case 
B (all producers transporting by themselves with 67% 
light trucks and 33% passenger cars) had as much SO2 
emissions as Case A, lower NOX and PM but higher CO 
and HC emissions due to differences in emission factors 
for diesel and petrol. While the distance decreased by 
39% - 93% in Scenarios 2 - 4, the emissions decreased 

y between 5% - 86% compared with Case A, and 16% -  b  
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Figure 7. Information and physical flows using the e-trade system (from [40], modified). 
 

Table 3. Vehicle emissions in the four scenarios. 

 CO2 [kg] CO [g] HC [g] NOX [g] PM [g] SO2 [g] 

Scenario 1       

Case A 1540 1971 326 4373 333 2.46 

Case B 1396 5420 1018 3613 233 2.46 

Scenario 2       

Option I 931 1498 258 2615 195 1.51 

Option II (excl. LSFDC) 407 705 182 3692 80 0.58 

Option II (incl. LSFDC) 577 1228 279 4144 111 0.87 

Scenario 3       

Option I 873 1118 185 2480 189 1.40 

Option II (excl. LSFDC) 250 433 111 2265 49 0.36 

Option II (incl. LSFDC) 361 575 135 2582 73 0.54 

Scenario 4 586 750 124 1663 127 0.94 
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92% (except for NOX) compared with Case B.  

The largest reduction (for all substances except NOX 
where it was second largest) was achieved in Scenario 3, 
option II (coordinated collection and integrated distribu- 
tion, excluding the distances in LSFDC), with a 66% - 
86% reduction in Case A levels and 79% - 92% in Case B 
levels. The lowest NOX emissions were achieved in Sce- 
nario 4 (integrated collection and deliveries during each 
route), with 62 and 54% of Case A and B levels, respec- 
tively. The second largest reduction was found in Sce- 
nario 3, option II (including the distances in LSFDC), 
followed by Scenario 2, option II (excluding the distances 
in LSFDC), except for HC and NOX. Second largest HC 
reduction was found in Scenario 4.  

The environmental impact of the emissions for all 
scenarios in terms of AP, EP, HTP and GWP is presented 
in Figure 8. Due to low NOX levels, Scenario 4 had the 
lowest AP, EP and HTP, while Scenario 3, option II, had 
the lowest GWP. The emission values presented in Table 
3 and the environmental impact values presented in Fig-
ure 8 were estimated considering single delivery trip on 
all routes. 

3.5. Post Demonstration 

Key informant interviews with the company which was 
used as CC (hereafter called the CC-company) and the 
large-scale distributor were made after the delivery 
demonstration. The use of internet-based trading by the 
producers decreased after the first year. The producers 
found it complicated and time-consuming to learn and 
use the e-trade system and costs were believed to have 
discouraged the producers from continuing with the sys-  

tem.  
According to the interview with the retail chain repre- 

sentative, more contacts between shops and producers 
have been established due to the pilot project. The large 
retail chain wanted to reach more producers for their 
shops. After the project, the chain has decided not to take 
any responsibility for the producer collection centres.  

The electronic trading system tested seems not to have 
been continued because of incompatibility with the retail 
chain’s main ordering system.  

The CC-company is now acting as a third party com- 
pany and supporting other producers. After the demon- 
stration project, the producer network expanded its inte- 
gration with other large-scale distributors to the post- 
demonstration system illustrated in Figure 9.  

The CC-company telephones the customers in the 
whole of Sweden, mainly restaurants, in order to sell its 
own and other producers’ vegetable products. The CC- 
company places an order and sends an invoice to the 
customer’s wholesaler. The CC-company no longer has 
its own transport vehicles, so all transport activities are 
integrated with the transport systems of several whole- 
salers (chosen depending on customer location), in terms 
of both collection from producers and transport from the 
CC to their respective DC and further to the customers. 
The network is expanding into export markets with new 
customers in Finland and Iceland.  

The CC-company performs certain value adding ac- 
tivities at its centre (see Figure 9). It provides equipment 
such as scales and packing machines for other producers 
to use at the CC to add value to the products. The pro- 
ducts being sold by the CC-company are handled (e.g. 
washed), sorted (e.g. by colour/size/taste) and specially 

 

 

Figure 8. Environmental impact profiles for all scenarios: potentials of acidification (AP), eutrophication (EP), human toxic- 
ity (HTP) and global warming (GWP). 
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Figure 9. Post-demonstration system from the CC-company’s 
perspective. The transport system is integrated with differ- 
ent wholesaler distribution systems, depending on where 
the consumer is located. 
 
labelled (with details about the vegetable, handling pro- 
cess, producer name, etc.) in order to promote the pro- 
ducers and to add value to the products.  

4. Discussion  

4.1. Initial Situation 

The studied group of producers in Halland was more 
independent than the average small-scale producer in 
Sweden, as reported in the earlier national survey [5]. 
They did their own deliveries and cooperated less with 
other producers than producers nationwide, while at the 
same time they stated clearly that they wanted to reach 
new markets in Sweden, increase their sales and improve 
their logistics. Transport costs were slightly lower than 
stated in nationwide results, while a larger per cent of the 
Halland producers sold their product outside of the 
county. If the county is used as basis for what is local, 
this would indicate that the Halland producers were not 
as strictly local as producers in the national study. One 
possible interpretation is that companies in the pilot pro- 
ject in Halland were more active in reaching out to cus- 
tomers across the country but since the county is small it 
might also be easier to reach outside the county bound- 
ary.  

The Halland companies had larger turnover than the 
national group, which may be related to a higher degree 
of processing since the product quantities were similar. 
In this study, a correlation was identified between trans- 
port time and delivered quantities but it was not possible 
to not show any relationship between transport time and 
turnover. However, these conclusions may not be gene- 

ralized any further since the sample size is small and the 
results were obtained on the transformed scale. Although 
it may not be possible to identify simple key indicators 
for the design of logistics system in specific cases, this 
type of analysis may be useful as a reference when per- 
formed on other case studies and larger data sets. From a 
larger sample it may be possible to identify some general 
patterns of variation and relations between variables de- 
scribing local food producers in more general terms. 
Further data collection in order to quantitatively describe 
local food production in different regions is therefore of 
great interest.  

The frequencies of delivery varied markedly between 
the producers in the group and this had a great impact on 
the logistics, because the transport demand varied con- 
siderably during the year. The variety of product groups 
can be strengthened, given that the local products can be 
featured in various retail services without competing with 
one another. The physical distribution of products with a 
large variation must also be tailored to the requirements 
of different products.  

Given that the products concerned are food and often 
premium products, they need to be transported and 
packaged so that the perceived values to consumers are 
not impaired in the logistics chain. Since the producers 
were more independent and already had lower transport 
costs than other small-scale food producers, it was im- 
portant that they could see benefits from participating in 
the pilot project. Reduced logistics costs could be an at- 
tractive bait in this context. 

The process of identifying the characteristics of supply 
chains from small-scale producers and suggesting prac- 
tical improvements, such as route optimisation, is in 
agreement with Bloom and Hinrichs [8]. This is one way 
of moving from simply assuming that local/alternative 
food is sustainable, [1,3] to actually gaining knowledge 
of the real situation and moving towards more sustain- 
able food systems. This survey contributes, although it is 
mainly qualitative, to the descriptions of distribution 
situations for small-scale producers, adding up with pre- 
vious studies in Sweden [1,5,12] and internationally [9- 
11].  

4.2. Pilot Project 

The e-trade system introduced in the pilot project gave 
retailers the possibility to order local food through their 
usual ordering system. It also opened a broader market 
for the producers, which was the ambition of several 
producers. The retailers could order products in an elec- 
tronic business-to-business trading place within the ex- 
isting ordering system, which decreased the need for 
multiple communication channels.  

Copyright © 2012 SciRes.                                                                                JSSM 



Integrated Logistics Network for the Supply Chain of Locally Produced Food, Part II: Assessment of E-Trade,  
Economic Benefit and Environmental Impact 

259

The amount of information given within the e-trade 
system might have been at a sufficient level which is 
important according to [17], but as seen in the post de- 
monstration interviews the way of communicating the in- 
formation, in a computer and web based trading place, 
did not suit the producers well.  

Future changes in costs for the producers will largely 
depend on the CC. Transport costs should decrease, IT 
costs increase and storage costs would depend on the 
CC’s role in the supply chain. Thus, the working time for 
transport would be reduced for the majority due to coor- 
dinated transport. However, deviations may occur de- 
pending on the specific situation of producers and how 
the cost of their own working hours is valued. It is com- 
mon for the self-employed not to include their own time 
in the cost, but if this is done, the savings achieved with 
coordinated transport may be underestimated. The mar- 
keting costs were difficult to determine here, but if pro- 
ducers carry out joint marketing activities the cost can be 
reduced. In addition, the sales can increase due to more 
effective marketing. IT costs could in this case be seen as 
marketing costs, since the current IT solution increases 
the exposure of products to possible customers. Costs of 
warehousing will not be affected if the CC only acts as a 
cross-docking station. Otherwise, this must be included 
in the producer budget.  

It is important for the producers to take advantage of 
the opportunities in collaboration in the supply chain and 
to try to find more ways to cooperate for common profit. 
Cooperating instead of competing within the supply chain 
is, as noted by [13], a key to competitive advantage. 

The integrated logistics system had potential positive 
effects on economics and the environment. However 
there may be obstacles to its implementation. In this pilot 
project a strong commitment was needed from all parties 
involved. The producers needed to adapt to a new IT- 
system that turned out to be not sufficiently adapted to 
their daily work, as they found it complicated and time- 
consuming, taking the focus from their main business. 
The retail chain initiating the project, needed to extend 
its responsibility and engage in the CC. After the pilot 
project the CC-company acted as an active agent for 
other producers, in a slightly modified system.  

The system which the CC-company is using since the 
pilot project was shown in Figure 9. Although the tele- 
phone is used rather than e-trade, the e-trade technique 
works for producers that want to reach the specific retail 
chain’s shops. The physical flow of goods is integrated 
with wholesaler distribution systems. Several wholesal- 
ers distribute the specially labelled products, coordinated 
by the CC-company, to restaurants and other customers. 
The CC-company found its own distribution not profit- 
able since the network and the supply region was too 
small. Therefore, outsourcing the transport to existing  

and well-established distribution channels was a good 
alternative, enabling more effective transport with higher 
load rates. The collaboration between the producers is a 
way to create a more competitive supply chain, which 
according to [13] is more important than to compete for 
the individual company profits.  

The tendency among the Halland producers, specially 
the CC-company, is to expand outside their local area. 
Their production and collaboration are mainly locally 
based in Halland, but some co-producers and many of the 
customers are located in other parts of the country, and 
even further, making the system grow beyond local area. 
The way of organize the transport in this new way gives 
the producers possibilities to reach interested customers 
on greater distances and to use a transport that is more 
energy effective, a potential for local food pointed out by 
Wallgren and other [6,24]. 

4.3. Environmental Impact 

In the studied pilot project, a couple of energy use reduc- 
tive ways suggested by [7] were demonstrated and as- 
sessed, such as improved logistics and e-commerce. Fur- 
thermore, this study has added estimations of emissions 
and environmental impacts to the analysis. The emission 
figures presented here should be considered as a coarse 
indication of the amount of emissions discharged, rather 
than as precise numbers. When transport is coordinated 
there are possibilities to increase the load rates and use 
trucks which can hold more goods, instead of driving 
smaller vehicles (taking small amount of goods) over 
long distances. When setting up a coordinated distribu- 
tion system, investments in newer vehicles may become 
more feasible due to higher vehicle load rate. Further- 
more, when investing in new vehicles, alternative fuels 
may also be considered. Then the choice of vehicles and 
engines is also important. The CO2, NOX and PM emis- 
sions are lower and CO and HC higher for petrol fuel 
compared with diesel [34], and newer engine types, e.g. 
Euro 5 instead of Euro 3, emit less NOX and PM. 

Previous studies have noted the advantages of network 
integration and the potential to reduce mileage and trans- 
port time with optimised routes [10,14,21-23]. The pre-
sent study has demonstrated how these benefits can be 
implemented in a real-world application. In this estima- 
tion of emissions, the coordinated collection and distri- 
bution Scenario (3) had the highest reduction in distance 
and emissions for all compounds except NOX. When 
measuring environmental impact potentials the impor- 
tance of considering NOX emissions becomes clear, since 
the lowest potential values, except for global warming, 
were instead obtained in Scenario 4 which had the lowest 
NOX amounts.  
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It may not be possible to draw general conclusions re- 
garding how to implement a distribution system. Rather, 
each case has to be analysed individually. However, short 
distances, high load rates and energy efficient vehicles 
should always be strived for and to reach it, planning and 
choice of vehicle are important. Effectiveness in trans-
port can make it (economically) possible to expand pro-
duction, so the total emissions in the project area may 
even increase to higher levels than before the project. 
However, this may not be negative if it implies that pro- 
ducts with worse environmental performance are out-com- 
peted. In economic terms, it implies that the effectiveness 
in the supply chain increases, possibly giving positive 
side-effects in labour supply and development in the area.  

5. Concluding Remarks 

The results in this study indicated that the sustainability 
of local food systems can be more ensued if effective and 
efficient logistics systems are introduced and support 
concerning new technology and marketing skills is prop- 
erly provided.  

The project in Halland is an example of an emerging 
yet operational logistics solution, integrating marketing, 
administration and physical distribution. This logistics 
solution can reduce costs for producers and expand their 
market, but the system costs involved (such as licence 
and support) may deter producers with small volumes. 
For the retail chain, the cost paid for the integrated IT- 
system was motivated by the possibility to include local 
and small-scale products in the chain’s assortment with-
out sacrificing shop rationalisation.  

The pilot project resulted in expanded markets, cost 
reductions and reduced environmental impact from the 
local food supply chain, making the local food systems 
more environmentally sustainable. The amount of emis- 
sions depended strongly on driving distance, vehicle type 
and fuel type, and large reductions in emissions were 
possible when the transport distances were shortened. 
Decreased emissions also meant reduced fuel consump- 
tion and transport costs.  

In situations like this, detailed knowledge of the quan- 
tities, frequencies and other requirements for the logistics 
system is needed in each case. Furthermore, the logistics 
system needs to be flexible enough to accommodate the 
wide ranges of turnover, frequency of delivery and pro- 
duct categories among local food producers, and a possi-
ble development over time.  

This case study of a pilot project for local food logis- 
tics showed that: 
 Coordination, optimisation and integration can im- 

prove logistics for small-scale producers in terms of 
cost, environment and labour; 

 Small-scale producers with different kinds of pro- 

ducts can coordinate and integrate their supply chains 
in the ordering system of a larger retailer; 

 E-trade services can improve the contact between 
producer and retailer; 

 IT-systems need to be well adapted, especially for 
users with their main occupation in another area and 
with lower IT skills; 

 Producers involved need to have a certain turnover 
and volume in order to finance their part of the com- 
mon IT-system, to justify their part in the CC and to 
attract shops; 

 A strong, driving partner is important for collabora- 
tion to continue and develop. 

In order to gain more general knowledge regarding 
how innovative logistics solutions for local food products 
can be implemented, more case studies need to be carried 
out. With further case studies and surveys of local food 
producers in different settings and under different condi- 
tions, more general patterns of variation and relations 
between variables may also be identified.  
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Appendix A 

Questionnaire [translated from Swedish and re-format- 
ted]: 

1) Where is the production located (address including 
zip code)? 

2) Which are the branches of business (options: Meat, 
Eggs, Dairy Products, Cereal and Bread, Fruit, Vegeta-
bles, Roots, Potatoes, Others)? 

3) What is the turnover (SEK per year) of the business 
and how large are the transport costs (percentage of total 
cost)? 

4) Estimate the transport time (hours per week).  
5) Where are the products sold (percentage share for 

the options: At the own farm, within the own municipal- 
ity, within the county, within adjacent counties, within 
the country, Export)?  

6) Addresses and delivery frequencies (times per week) 
to the five largest delivery places?  

7) How is the distribution arranged (options: Distribu- 
tion with own vehicle, Cooperation with other producers, 
Engaging transport companies)?  

8) Estimate cargo space in use when the shipment 
leaves the farm, (options: 0%, up to 25%, up to 50%, up 
to 75%, up to 100%, …%).  

9) Which are your ambitions in participating in the pi-
lot project? 
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