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Abstract 

Shifting transportation to electrified modes, e.g., rail, is a politically attractive way of 

reducing greenhouse gas (GHG) emissions from the transportation sector. There is a vivid 

debate about the effects such a shift has on GHG emission and how these should be assessed 

and appraised. We argue that this debate largely originates from differences in how the 

debaters characterize the situation at hand, in particular how markets are organized and which 

policy instruments are in place. To shed light on this, we start by identifying the appropriate 

assessment approach in a hypothetical situation without any climate or energy policies and 

then gradually add realistic circumstances into the equation. Our main conclusion is that 

evaluating the climate impacts from a transportation shift is a highly complex task in the 

initial situation. The closer we move towards a climate-policy architecture of the current EU-

type, the simpler the task becomes. Given a comprehensive global climate treaty, there is no 

need for any special treatment of the GHG effects since all relevant effects then would be 

internalized in producer and consumer prices.  

 

JEL codes: H54, Q51, R42 

Key words: Climate, transport, cost-benefit analysis 
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1. Introduction 

Transportation relies heavily on fossil fuels. In most developed countries 90 per cent or more 

of the energy use in the transportation sector originates from fossil sources. Not surprisingly, 

the transport sector thus answers for a large share of these countries’ greenhouse gas (GHG) 

emissions. Furthermore, the demand for transportation, in particular for air travels and freight 

transports on roads, is expected to continue to grow rapidly. Cost-effective fulfillment of 

stated climate policy objectives, notably the EU’s objective of reducing its GHG emissions by 

20 percent to the year 2020 and by 80 percent to the year 2050, is therefore likely to require 

substantial adjustments within the transport sector. The palette of policy measures is broad but 

politicians seem particularly interested in projects that curb the GHG emissions from 

transportation without restricting transportation per se. One suggested such project is to 

electrify (parts of) the transportation system by promoting electric vehicles on roads or 

facilitating shifts from road to (electrified) railways. 

In this paper we discuss principles for identifying and appraising the impact on GHG 

emissions from electrifying transportation. We are primarily interested in the road-to-rail case, 

but the principles apply to other cases as well, both inside and outside the transportation 

sector. The underlying motive for the paper is an ongoing debate regarding how and to what 

extent investments in rail infrastructure influences GHG emissions and how to adequately 

consider these effects in cost-benefit analyses (CBAs) of such investments. Various 

approaches have been proposed. For instance, some argue that one should use the average 

GHG-emission factor (AEF) of electricity production, i.e. total emissions from the power 

sector divided by total production. Other argues that it is the marginal emission factor (MEF) 

that is of interest, i.e. emissions per electricity unit for the power plant lastly employed. It has 

also been argued that if the railway operator only purchases electricity based on renewable 

fuels, the investment would produce no GHG emissions. Still other advocates the use of so-

called life-cycle analysis (LCA) of electricity production as well as of the transport 

investment. At the other end of the spectrum some note that if power producers are included 

in a cap-and-trade system, the incremental electricity demand would only influence permit 

prices, not aggregate emissions.1 Also when it comes to how to value the identified effects on 

GHG emissions the views diverge. Setting aside the very abstract level, there is no simple and 

universal answer to how to deal with the impact on GHG emissions of electrifying 

transportation. However, we believe that the opposing standpoints to a large extent originate 

from divergent views on what circumstances are present in any particular case, rather than 

from misunderstandings. As will be shown, the answers to any of the above-mentioned 

disputes are highly context dependent. Our objective is to provide a structured discussion that 

sheds light on the problem of where and when various approaches are valid. 

Our discussion is mainly of principal nature. However, references are occasionally made to 

the Swedish case, which may be of particular interest since the power production there is 

essentially carbon free and since Sweden has a rather long experience of non-mandatory green 

                                                 
1 Banverket/SIKA (2002a, b) include an early and interesting discussion where SIKA, a Swedish governmental 

agency responsible for gathering and analyzing transport sector statistics, and the Swedish National Rail 

Administration express completely opposing views on some of these questions. For instance, the latter argues for 

the use of AEF and that renewable fuel contracts play a central role.  
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electricity contracts as well as a mandatory system of so-called tradable green electricity 

certificates. To fix ideas, we consider a railway investment that would transfer a certain 

freight transport volume from road to rail. Such a project may have several significant effects, 

including a reduction (increment) in the congestion on roads (rails), changes in operational 

costs and transport time as well as energy use. Here, we focus on two sub-questions, namely 

the consequences of the incremental electricity demand that follows our investment project 

and how any changes in GHG emissions should be dealt with in an otherwise complete and 

adequate cost-benefit analysis of our railway project. Throughout the analysis we assume that 

market prices reflect the values of all resources but GHG emissions.  

The analytical approach adopted below is to start (in Section 2) with a seemingly simple 

context where there is no climate or energy policies. We then sequentially add circumstances 

that make the analytical context more realistic. In Section 3 a mandatory system of green 

electricity certificates is introduced. Thereafter, in Section 4, we add climate policy 

instruments, e.g. tradable emission permits, carbon taxes and an international climate 

agreement. The context thereby becomes increasingly complex during the presentation. 

However, one of the main messages of the paper is that the adequate approach of identifying 

and appraising the relevant GHG effects of our investment at the same time becomes less 

complicated, not to say simple. Section 5 sums up and concludes. 

 

2. No Climate Policies 

We begin by discussing the short-term impact on GHG emissions of an increased electricity 

demand in a context where no climate or energy policies are present. By short term we mean 

the time period during which the electricity production capacity is fixed. Three questions are 

central for our discussion. First, should one use the MEF or AEF of electricity production to 

assess the effect a railway investment has on GHG emissions? Second, does the existence of 

any voluntary contractual arrangement specifying that the railway operator only purchases 

green electricity matter? Third, how should we value the quantified GHG effect? 

Of particular importance to the first question is the merit order of power producing facilities 

on a competitive power market. Typically, production facilities are employed in a cost-

increasing order. Power plants producing at a low short-run variable cost (SRVC) are used 

before plants with higher costs. High-cost plants are started only when needed to meet 

occasional demand spikes. This makes sense since any other procedure would imply waste of 

scarce resources. Given the uncertainty surrounding future demand for electricity (D) and 

future fuel prices and the long time it takes to create new production capacity, there usually 

exists a substantial reserve capacity on the market. This situation is schematically illustrated 

in Figure 1, where D0 denotes the expected demand schedule in the absence of our railway 

project and the graph S illustrates the supply curve2 (the merit order of existing production 

plants). Our railway project consumes A units of electricity and therefore shifts the demand 

curve to D1. More costly plants than plant x must then be employed and the electricity price 

                                                 
2 At the Nordic/Scandinavian power market Nordpool, producers submit their individual supply schedules (i.e. 

how much they are willingly to produce at different price levels) while electricity retailers and large consumers 

submit their individual demand schedules. Given profit interested firms and a competitive environment this 

procedure yields a market supply curve close to a merit ordering based on SRVC, Cason and Plott (1996), 

Joskow et.al. (1998). 
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increases from p0 to p1. This fosters the electricity demand somewhat. After this demand 

adjustment, the produced and consumed amount of electricity has increased from q1 to q0. As 

long as electricity demand is not totally inelastic the incremental power production will be 

smaller than the railway project’s direct consumption of electricity. The GHG effect of the 

incremental production equals ΔGHG = axΔkWhx + ayΔkWhy, where ai denotes plant i’s 

specific emission factor (i.e., GHG emission per kWh production). This is the (true) MEF-

approach,3 which is the appropriate approach to use as it thus captures the effects from the 

project at hand. 

 

 
Figure 1. Illustration of the power market 

Under the AEF-approach, the incremental production is multiplied with the average emission 

factor a (= total emissions from power production / total production). Then, the assessed 

GHG-effect becomes a(ΔkWhx + ΔkWhy). If plant y where the only carbon emitting one, the 

AEF-approach would hold our railway investment accountable for less carbon emissions than 

actually created, i.e., a(ΔkWhx + ΔkWhy) < ayΔkWhy. If, on the other hand all plants but x and 

y are emitting, the opposite would apply. The size of the error depends crucially on how 

heterogeneous power plants are in terms of their specific emission factors for carbon dioxide 

(CO2). That the error may be substantial is shown by the following example.4  

Consider a railway investment that increases the yearly power production with 50 GWh. If 

this production were coal based (for which ai ~ 890 gCO2 per kWh)5 the yearly CO2 emissions 

would increase with ~44 kton. If we instead would apply the AEF found in Swedish power 

production, ~20 gCO2 per kWh i the investment would seem to increase emissions by 1 kton. 

As an extreme illustration, assume that total annual power production amounts to 135 TWh 

(approximately true for Sweden). However, assume that, without the investment, no coal 

based power would be used. This would yield an AEF of ~0.3 gCO2 per kWh. Applying this 

figure to the investment will hold it accountable for a yearly CO2 increase of only ~15 ton. 

                                                 
3 Hawkes (2010) discusses strengths and weaknesses with existing approaches of estimating the MEF in practice. 
4 Also, see e.g. Bettle et.al. (2006) that examine the differences between the AEF and the MEF for the case of 

England and Wales. 
5 See Hondo (2002). 
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We now turn to the second question, namely the effects of voluntary green electricity 

contracts (i.e., contracts specifying that the electricity purchased should come from carbon 

free power plants). The selling idea of such contracts is to alter the merit order at the power 

market in a “climate friendly” direction. However, it is not evident that they actually 

accomplish this. A contract giving the owner of plant z a total unit remuneration of at least pz 

would make him/her willing to produce electricity. Plant z would thereby exclude plant y from 

the market and plant x would be the price setting plant also after our railway project. In this 

case, our railway operator would pay more for electricity but on the other hand create no 

additional direct GHG emissions. Two things should be noted, though. First, since the market 

price is unchanged, there would be no fostering of the demand for electricity. Second, we 

have implicitly assumed that plant z would otherwise be idle. However, it is not likely that 

such a situation would arise. Instead, we would expect that our operator, when entering a 

green contract, excludes some other agent from entering a similar contract with plant z and 

thereby forcing this agent to buy conventional power. In this more likely situation, whether or 

not our operator engage in a green contract is irrelevant for our railway project’s effects on 

the GHG emissions from power production.  

So far we have considered only direct GHG emissions of power production (essentially 

carbon emissions from fuel combustion).ii GHG emissions arise also when fuels are extracted, 

processed and transported. This is so for both fossil fuels and biomass based fuels. To 

consider such indirect emissions (IE) a life cycle analysis (LCA) must be conducted of the 

incremental electricity production as well as the reduced fuel use for road transportation. 

Studies indicate that these indirect emissions may be substantial, see e.g. Searchinger et al. 

(2008), and Lapola et al. (2010). Our railway investment’s net-effect on global emissions then 

becomes.   

(1)   ΔGHG = ΣaiΔkWhi + ΣΔIEi + (ΔGHGRoad + ΔIERoad) 

The first two terms of the right-hand side captures the effects associated with the incremental 

electricity production while the last two terms capture the change in emissions due to less 

road traffic. 

Electricity is traded across borders, a trade expected to grow in Europe as new transmission 

cables materialize between countries and regulatory hinders are erased. To only consider 

domestic power production capacity when assessing equation (1) may therefore be 

misleading. For instance, Sweden is an integrated part of the North European electricity 

market for which the marginal power plants are coal fired, implying that the relevant MEF is 

close to 900 gCO2 per kWh even though the Swedish MEF is much lower, as discussed in the 

example above.  

In the longer run new power plants will be built. This generally takes considerable time, e.g., 

due to technical complexity, juridical procedures and bureaucracy.iii Consequently, there is a 

non-negligible mid-term to consider. During this time, an (unexpected) shift in electricity 

demand will not influence the characteristics of the power generating capital, although some 

electricity may be produced in new plants. These plants have not been directly motivated by 

the demand shift, i.e., they were planned but not constructed at the time of the demand shift. 

Thus, the principles relevant for the short term apply also in the mid-term, although the 

relevant MEF may be different since new plants are added to the power generating capital.  

In the long run, our railway-project may influence the composition of the power production. It 

is then the characteristics of these new plants that will determine how much GHG emissions 

our project causes. In the absence of energy and climate policies, new capacity is likely to be 

coal based. However, voluntary green contracts might render “green” power plants to be built 

in which case ax = 0. Our railway operator would then pay more for electricity in order to 

VTI notat 28-2014 11



avoid (direct) GHG emissions. It should also be noted that in the long run the LCA of power 

production also includes emissions from construction of the plants and land use changes, 

which may be substantial (se e.g., Hondo, 2002, and Wibe 2010).  

We now turn to the third question, namely how to value GHG emissions accruing to our 

railway investment. In this simple context with no international climate treaty or other climate 

or energy policy instruments, higher GHG emissions from the power sector imply essentially 

the same increment in global emissions. The risk for climate change is a global public bad. A 

global and benevolent social planner would therefore attach a value vG to an additional 

emission reduction that equals the sum of all individuals’ valuation of the risk thereby 

avoided. However, in the absence of an international/global treaty coordinating nations’ 

behavior, it is sub-optimal for any single country to unilaterally abate up to the point where 

the cost for further abatements equal vG. Instead, a government (with the objective of 

maximizing its citizens’ welfare) would only consider the unilateral, domestic valuation of 

this additional risk (vS) which by definition lies below vG, and by circumstances substantially 

so (see e.g., IPCC, 1996). The reader should note that this is not a policy recommendation, 

just a conclusion consistent with the assumed context. It should also be noted that, 

irrespectively of which approach one takes, it is by no means a simple task to arrive at precise 

estimates of vG or vS. In both cases one has to assess the sum of many future generations 

valuation of the climate effects incurred.  

To sum up: In this context with no climate or energy policies an amount vSΔGHG, should be 

added to the cost side of an otherwise correct CBA of our railway investment. ΔGHG is given 

by (1) and based on a MEF calculated for the relevant electricity market, which in many cases 

may be larger than the domestic one. For the Swedish case the relevant market amounts to the 

North European one. In the short run, voluntary green electricity contracts are not likely to 

influence the emissions from incremental power production. In the long run they may. Then, 

the railway operator will pay a higher electricity price in order to lower the project’s climate 

cost. Whether this increases or reduces the cost-benefit ratio of the project depends on how 

large the markup on the green electricity is relative the value of emission reductions.  

 

3. Tradable Green Electricity Certificates 

We now add to the analytical context a mandatory system that mills in electricity based on 

renewable energy sources. The system we have in mind resembles the system of tradable 

green electricity certificates used in several EU-countries, including Sweden.iv Such a system 

gives producers of green electricity a certificate for each unit produced. This creates a supply 

of certificates. To create a demand, electricity consumers (or on their behalf electricity 

distributors) are obliged to hold a certain number of certificates per electricity unit consumed 

(sold). The producers of renewable energy may sell certificates to the electricity consumers, 

thus getting revenues over and above the market price on electricity. The policy variable is the 

number of certificates the consumers are obliged to hold per consumed unit, α.  Figure 2 

illustrates such a certificate system. For simplicity, we assume a totally inelastic electricity 

demand, located at q. Thus, the demand for certificates equals αq. We denote this qG which 

thus equals the amount of green electricity produced. The remaining electricity demand is 

catered by conventional power production, qC.  
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Figure 2. Green electricity certificates 

As Figure 2 is drawn there would be no green electricity without the systemv and the supply 

of electricity would be given by MC1. Consequently, the competitive electricity price would 

be p1.  By milling in qG units of green electricity the system shifts the supply curve of 

conventional electricity rightwards to MC2. The market price then becomes p2, and only qC 

units of conventional electricity is produced. Thus, the system reduces the market price on 

electricity. This is so because it is the most costly conventional power plants that are 

substituted away in favor of green electricity. In order for qG units to be produced the price on 

green electricity must at least be p3. Given a market price of p2 this implies a competitive 

certificate price equal to pG (=p3–p2). The total expenditures on green electricity (= p3qG) is 

distributed over consumers by a certain fee on electricity consumption, so the consumers end 

up paying p2 + pG qG / q per electricity unit.vi   

The formula for our railway project’s net-effect on global GHG emissions is still given by (1) 

and this effect is still to be valued by vS. However, an increment in electricity consumption 

will now be met partly by green power plants and partly by conventional ones. So even if the 

price on the regional (e.g., North-European) power market is set by coal fired plants, the 

relevant MEF contains domestic green power plants. The green certificate system thereby 

lowers the direct GHG emissions from power production associated with our project. To what 

extent the system influences the indirect emissions of power production is an open question. 

As compared to the non-policy case the CBA of our project is affected in two ways: (i) via the 

change in net-emissions and (ii) via higher electricity expenditures.  

It should be noted that a mandatory system for electricity certificates makes voluntary green 

contracts insignificant. Such contracts, when leading to investments in green production 

capacity, will reduce the price on certificates and thereby lead to less investment in green 

power capacities elsewhere. For a discussion on this topic see e.g. Broberg and Brännlund 

(2010). So, in the presence of a mandatory green electricity certificate system additional 

voluntary green power contracts only increases our project’s electricity expenditures.vii 
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4. Climate Policy Instruments 

So far there has been some robustness in the formula constituting the “climate post” in an 

otherwise perfect CBA of our railway project. The reason behind this is that we so far only 

have considered second-best responses to the threat of rapid climate changes, i.e., behavior 

and/or policy measures indirectly affecting parts of GHG emissions, such as voluntary green 

power contracts and a mandatory system for green electricity certificates. We now add 

climate-policy instruments to the analytical context. The instruments we consider steer via the 

price on GHG emissions and have the capability of attaining the policy targets cost-

effectively.  

First we introduce a cap-and-trade system for carbon emissions from electricity production 

and other energy intensive industries, i.e. a policy instrument akin to the European Emission 

Trading System (EU ETS). Thereafter we add an emission cap also for other GHG emissions. 

We then have a policy context closely resembling the current climate-policy architecture in 

EU. Finally, we discuss the effects of our railway project in the presence of a comprehensive 

global climate treaty of the Kyoto Protocol type. 

4.1 Cap-and-trade system covering power production (EU ETS)  

A cap-and-trade system sets a cap for the system’s aggregate emissions and allocates tradable 

emission permits to the participating firms. Given compliant behavior, aggregate emissions 

will equal the cap level irrespectively of how permit trading distributes emissions/abatements 

amongst the firms. Competitive permit trade allocates abatement efforts in a cost-effective 

way, i.e., so that the unit cost of further abatements equals the permit price, pETS.
viii An 

immediate implication of this system is that our railway project no longer influences 

aggregate (direct) emissions from power producers and other firms under the cap. Increased 

power production now only leads to that someone else under the cap must abate further. The 

climate policy effect of our railroad investment now equals pETSΣaiΔkWhi + vs[ΣΔIEi + 

ΔGHGRoad + ΔIERoad]. The first term of this expression is included in the electricity price and 

will therefore appear as an increment of our project’s expenditures on electricity. Thus, the 

climate policy post in an otherwise complete and adequate CBA of our railway project 

reduces to  

(2)  vs[ΣΔIEi + (ΔGHGRoad + ΔIERoad)] 

We no longer have to worry about MEF of power production and how to value emissions 

from electricity production. However, we still need to quantify and value the project’s effects 

on emissions outside the cap-and-trade system.ix It should be noted that now neither voluntary 

green power contracts nor the mandatory system of electricity certificates has any effects on 

GHG emissions. In the present context they would only serve to increase our project’s 

electricity expenditures. 

4.2 EU Burden Sharing Agreements 

It is often believed that only the emissions from the EU ETS are capped. This is not the case, 

however. The so-called burden sharing agreement between the EU-15 countries (EC, 1999) 

allots national quotas to the member states for their GHG emissions during 2008-12. The 

permit allocations to the EU ETS firms are drawn from these quotas. The remaining part of a 

member state’s quota defines a national cap for the emissions from emitters outside the EU 

ETS. We subsequently refer to all these non-EU ETS emitters as the other sector (OS).x A 

second agreement (EU, 2009) defines national caps for the member states OS for the period 

2013-20. The caps for the OS and the caps for the EU ETS constitute a cap for EU’s 

aggregate emissions for the period up to 2020.xi Both these agreements allow for inter-
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governmental trade with quota units for the OS. Given well-functioning such quota unit trade 

there will be an EU-wide price on GHG emissions from the member states’ OS.  

Most European countries use domestic fuel taxes to control their GHG emissions. Some 

countries, such as Sweden, have an explicit CO2 tax. The Swedish carbon tax currently 

amounts to 1.08 SEK per kg CO2, which is substantially above pETS (approx. .20 SEK per kg 

CO2) and most estimates of vG and also vS (Tol, 2008; Brännlund, 2009). However, since the 

Swedish carbon tax has dual objectives – to finance public expenditures and to control 

emissions – we cannot interpret its level as the marginal abatement costs in the Swedish OS. 

This poses a practical problem for CBAs of our railway project that we return to below.  

The shift from road to rail induced by our investment will now not influence the EU’s 

aggregate (direct) GHG emissions. The reason is that the government will either adjust the tax 

level so that the emissions in the Swedish OS is kept at a constant level or keep the tax level 

constant whereby some quota units are freed. In the latter case, the government may sell 

additional quota units to other governments or save them for future use.xii In both cases 

revenues are created for Sweden. In the former case, abatement costs are avoided in the 

Swedish OS. In the latter case, revenues from geographical or inter-temporal emissions 

trading materialize. For the moment, assume that the revenue of these options are the same 

(i.e., that the Swedish policy is cost-effective) and let tOS denote this value. The climate policy 

relevant effect of our railway investment can then be stated as pETSΣaiΔkWhi + tOSΔGHGRoad+ 

vs[ΣΔIEi + ΔIERoad]. Since the first two terms are internalized in market prices, the adequate 

explicit climate post in our CBA reduces to  

(3)  vs[ΣΔIEi + ΔIERoad] 

Now we only have to quantify and value the indirect emissions of our railway project. As 

indicated above these indirect emissions may be large, especially for bio-fuels. Nevertheless, 

they are often ignored. It may seem strange that this effect on global emissions should be 

valued by the domestic (here; Swedish) valuation of reduced risk for rapid and large climate 

changes. However, as explained above, this is the consistent approach for emissions that is not 

subject to any international climate treaty.   

The market based climate policies we discuss here operate via market prices such that these 

will be calibrated to reflect the cost of GHG emissions (as it has been defined by political 

negotiations). These market prices will influence the decisions of individuals and firms and 

are thus very powerful tools for steering the entire economy in a more “climate friendly” 

direction. Thus, that the implementation of these climate policy instruments implies that less 

of our project’s effects related to GHG-emissions require explicit treatment in the CBA 

should not be interpreted as them being less important.  

It should be noted that our railway project may have a climate policy dividend even when not 

reducing the aggregate demand for emissions. This happens if tOS is sufficiently above pETS. 

Then, shifting transport activities from the OS to EU ETS (thereby substituting high-cost 

abatements with low-cost abatements) will contribute to a more cost-effective climate policy. 

As noted above, it is not straightforward to interpret the level of the Swedish carbon tax as the 

marginal abatement cost within the Swedish OS. To arrive at an adequate CBA of our project 

we need information about to what extent the tax level is motivated by fiscal considerations 

(i.e., how large the tax would be in the case there would be no climate threat) and which part 

of it that is motivated by climate concerns. 

4.3 A Global Climate Treaty of Kyoto Protocol type.  

The world is striving for a global climate treaty. Although some steps have been taken in this 

direction, e.g., the negotiation of the Kyoto Protocol, the road to such a treaty is by no means 
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straightforward. Nevertheless, let us here assume the existence of a global climate treaty of 

the Kyoto Protocol type and discuss what it would imply for the CBA of our railway 

investment.  

Now also the indirect emissions of our project will materialize under an emission cap. The 

aggregate global emissions will thus be unaffected. Our project now only imply that someone 

else has to undertake further or less abatements, and therefore leads to that abatement costs 

are incurred or avoided elsewhere. These effects are reflected by the international quota unit 

price (pW) under this climate treaty. The climate policy relevant effects of our projects can 

then be stated as pETSΣaiΔkWhi + tOSΔGHGRoad+ pW(ΣΔIEi + ΔIERoad). Now also the last term 

is internalized in market prices and will therefore appear in various places in a complete and 

adequate CBA of our railway project. For instance, the initial demand for road transports will 

be smaller under the current context than under the previous ones. There is therefore no need 

for a special treatment of GHG emissions in the CBA. Most notable, the planner does not 

have to assess the environmental cost of GHG emissions.  

 

5. Concluding Remark 

We have here discussed principles for assessments of the GHG effects of a railway project 

that shifts a certain amount of transports from road to rail. Our main message is that the 

adequate way of considering these effects in an otherwise complete CBA of the project 

crucially depends on the climate and energy policy context under which the project is 

undertaken.  

In a context with no climate or energy policies at all, the relevant climate post of our railway 

investment equals the country’s unilateral valuation of the projects net-effect on the global 

GHG emissions. This net-effect consists of the changes in direct and indirect GHG emissions 

of power production and the change in dito for road traffic. The direct emissions from power 

production should be assessed by the means of the marginal emmission factor (MEF) of 

electricity production derived for the relevant regional electricity market, which often is larger 

than the domestic market. For the Swedish case this amounts to the North European market, at 

which the marginal power production is coal based.  

Voluntary green electricity contracts between the railway operator and power producers may 

in the long run imply that the project is responsible for less GHG emissions than a traditional 

MEF-assessment would indicate. In the short run such contracts only serve to increase the 

project’s expenditures on electricity. A system of tradable green electricity certificates (of the 

Swedish type) has three implications in this otherwise non-policy context: (i) the relevant 

MEF now consists of the weighted sum of the marginal plant on the North European power 

market and the marginal green power plant in Sweden and (ii) the extra cost of green 

electricity is now included in the consumer price on electricity and (iii) any voluntary 

purchases of green electricity (over and above the green certificate system) produce no 

additional green electricity nor emission reductions.  

At the other end of the policy-context spectrum we have a comprehensive global climate 

treaty inducing a uniform price on GHG emissions. In this case, market prices reflect all 

relevant climate policy effects and there is no need for any specific and explicit treatment of 

these effects in the CBA of our railway investment. In fact, by doing so we would count the 

same effect twice. This is not to say that our project of electrifying transportation cannot 

produce climate policy dividends, only that such dividends automatically and correctly will be 

considered in the CBA of the project. Such a comprehensive global climate treaty has yet to 

materialize although some steps have been taken. 
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The member states of the EU have agreed upon a rather comprehensive regional climate 

policy treaty consisting of two cap and trade systems – the EU ETS and a system for 

intergovernmental emission quota trade. Thus for a foreseeable future most emissions within 

the EU are capped. A railway investment electrifying (part of) the transport sector will 

therefore give rise to mainly pecuniary effects which existing market prices reflect. Even 

though the effect on global GHG emissions will be minor, reallocating abatements between 

the road transport sector and the EU ETS may contribute to a cost-effective fulfillment of the 

EU’s climate policy targets. This would be the case if it is more costly to abate in the former 

than in the latter sector. Since the relevant effects are internalized in the electricity and fuel 

prices any such dividends are automatically captured by a comprehensive CBA. An explicit 

treatment is only called for to the extent the project affects emissions outside EU’s emission 

caps. Example of such emissions is some of the indirect emissions of power production and 

(bio and fossil) fuel consumptions. To adequately consider these effects a life-cycle-analysis 

are needed.  

The circumstance that less and less of our project’s climate policy relevant effects needs 

explicit consideration by the means of an separate climate post in the CBA should not be 

interpreted as the threat of rapid climate changes being less prioritized. On the contrary, it is a 

consequence of effective climate policies being implemented, policies that internalize the 

value/cost of GHG emissions (as it has been defined by the political system) in market prices. 

Billions of every-day decisions as well as larger investment decisions are now steered in a 

more “climate friendly” direction. 
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i Source; Svensk Energi 

ii Also combustion of biomass releases carbon. Usually it is assumed that the direct emissions from bio-fuel 

combustion equal the amount of carbon assimilated by the bio mass during its growing phase, an assumption we 

here maintain.  
iii As an example of the latter; the average time from applying for building approval for a new wind mill to when 

construction begins is 48 months in Sweden, much because there are currently 27 different instances that have to 

approve the construction plans. Source; http://www.goldwind.nu/vindkraft.php (110620). 
iv Similar systems are in used in, e.g., Norway, the UK, Poland, Romania, Italy and Belgium, (EU, 2008) 

v This is because MCG intercepts the p-axis at a price above p1. Thus, the first unit of green electricity costs more 

to produce than it could be sold for. 
vi In principle this consumer price may lie below or above p1. However, in practice it is likely to be above. For 

more about green electricity certificates, see Carlén, Carling and Mandell (2005). 
vii It should be noted that if the mandatory system’s definition of green electricity does not comprise all GHG 

production technologies, voluntary green electricity contracts may induce additional GHG emission reductions.  
viii See e.g. Dales (1968) and Montgomery (1972).  

ix It is possible that some of the emissions we have labeled indirect now materialize under the emission cap, in 

which case the term ΣΔIEi now is smaller. However, in practice this effect is likely to be small and is henceforth 

ignored.  

x Usually, this sector, which broadly comprises transportation, light industry, business and services, is called the 

non-trading sector. However, as will become obvious below, this is a somewhat misleading terms whereby we 

instead uses the term OS.   

xi For the year 2020 the two caps sum to 80 per cent of the emission level in 1990. The aggregated cap level may 

be adjusted if member states and/or firms under the EU ETS trade emission quota units/permits with agents 

outside the EU, i.e., engage in IET, JI and/or CDM. Given compliance behavior, the former two transactions only 

reallocate emissions. This stand in contrast to CDM projects, which are likely to increase global emission (see 

e.g., Bohm (1994) and Rosendahl and Strand, 2009).  

xii Only if the government annuls quota units would a global emission reduction materialize. However, such a 

behavior is not in accordance with an efficiency oriented government.   
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Abstract 

The Green Corridor (GC) initiative, pursued by the Swedish government and the European 

Commission, is intended to be a platform for innovation for long-distance freight transport aiming for 

more green and efficient solutions by enhanced use of economies of scale and development of new 

technologies. However, scale has to be traded off by two other aspects (i) freight transport time and 

reliability; and (ii) economies of scope. In this paper we present an already existing rail corridor case 

that highlights the need for tools (and/or markets) for making more efficient tradeoffs between 

economies of scale and scope in long-distance freight transport. This involves making very complex 

coordination of shipments that are differentiated with respect to origins-destinations, shipment size, 

time, time reliability requirements, regularity of shipments and involving both ex ante transport 

planning and real-time control. A market-based method that in principle could be used to solve such 

complex coordination is combinatorial auctioning and we briefly review a number of Swedish public 

tendering cases where this is done in practice. However, this raises questions on whether a fragmented 

vertically separated European rail industry can mobilize the “soft” market infrastructure needed to 

support a Green Corridor. 
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1. Introduction 

The railway industry, more than other transport modes, is marked by national idiosyncrasies. National 

differences in track width, electrical power systems, signal systems, safety standards, etc. have been 

until recently severe obstacles to cross-border rail traffic in Europe. Partly for that reason, train freight 

has a larger share of long-distance freight transport in the U.S. than in many European countries. 

Given increasing road congestion and awareness of global warming issues, many industrial and 

political efforts are therefore made to enhance competiveness of the rail mode on the freight markets 

for export and import of products within Europe. 

 The European Commission’s action plan for sustainable freight transport (KOM/200//0607/final) 

in 2008 launched the idea of establishing “Green Corridors” (GC) for long distance freight haul in 

Europe.  This initiative origins from previous discussions between government and industry in Sweden 

and is now a part of the Commission’s policy for meeting climate policy challenges in the transport 

sector.  The action plan states that the “concept of transport corridors is marked by a concentration of 

freight traffic between major hubs and by relatively long distances of transport. Along these corridors 

industry will be encouraged to rely on co-modality and on advanced technology in order to 

accommodate rising traffic volumes while promoting environmental sustainability and energy 

efficiency.” 

 Being a political proposal, the precise definition of GC is open to discussion. Based on a survey 

to a sample of stake holders, public agencies and academia a draft definition has recently been 

suggested (Hansen 2011). From this it is clear the GC initiative aims at concentration of national and 

international freight on specific long-distance transport stretches. By economies of scale in long 

transport legs, the establishment of GC is supposed to make possible reduction of freight 

transportation cost, greenhouse gas emissions, and energy use. Each GC will be defined by a basis of 

measurable indicators. A GC is “green” only if these indicators are better than the European average 

and there is a continuous improvement over time. Green corridors can be co-modal, with parallel long 

stretches for road, rail and sea transport, and are expected to be inter-modal; in particular since “first 

mile” and “last mile” road transport may be needed in combination with rail or sea transport on a long 
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leg. A final feature of the GC concept is that is intended to be “a platform for innovation”, for instance 

for development of new wagon-load systems or more fuel-efficient engines. 

 Although the Commission´s action plan and other documents thus collect a broad set of actions 

under the GC hat, it is clear that the focus is on enhancing cost efficiency of freight transport through 

better use of economies of scale. That can be made for instance by technological, institutional and 

infrastructural changes that allow use of longer/wider/heavier truck and train configurations.  

However, scale has to be traded off by two related aspects (i) freight transport time and reliability, and 

(ii) economies of scope. These are related since consolidation of freight needed to get large shipment 

sizes (economies of scale) and high capacity use in all parts of the transport network (economies of 

scope) is time consuming, and even if time and reliability concerns can be met so as to get economies 

of scale in one part of the transport system (for instance in a long leg) it may be at the price of lost 

economies of scope.  The tradeoffs with respect to economies of scope concern two aspects: One is the 

load factor in the long leg in both directions; i.e., a high cost/energy/carbon efficiency achieved by use 

of fully loaded large truck or train set in one direction may be offset by a low load factor in returning 

(and/or other) transport lanes. The second is the trade off between low cost per kilometre in the GC 

long leg and the additional kilometres and handling costs needed in medium range transport to and 

from the GC. 

 Some observers (Campagna 2009) have noted that establishing a GC is not just a matter of “hard” 

infrastructure construction but also of “soft” infrastructure, such as solutions for e-marketplaces, 

access to information, Intelligent Transportation systems, agreed standards to follow between 

operators, training and policies. In this paper we focus on some components of such a “soft 

infrastructure” needed for creation of a GC. In particular we ask whether more efficient trade-offs 

between economies of scale and scope in long-distance train freight transport can be made with 

combinatorial auction methodology.  

 For this purpose, we first briefly discuss the basic considerations in the choice of freight transport 

mode, when the alternatives are rail and road, and then describe an already existing “train corridor” 

solution; a collaboration between Swedish paper companies for rail freight from Sweden to the 
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European continent. This case demonstrates that technical and infrastructural conditions for 

establishing a GC is already present; what still is lacking to make the train corridor “green” is  an 

improved market mechanism that can fill the load capacity in all directions. Next, we therefore discuss 

the basic features of combinatorial auctions. To provide some sense for the practical usefulness of this 

mechanism we briefly present a few tendering cases in which combinatorial auctions have been made 

by national and local government agencies in Sweden. Finally, we discuss issues that need to be 

investigated to design a market for train freight transport capacity, based on bidding in combinatorial 

auctions.  

2. The need for an improved market mechanism to make a GC work 

In this section we first discuss the basic cost and time trade-offs in a choice between rail and road 

freight, to get a feeling for the basic challenges in establishing a market clearing mechanism for green 

corridor transport capacity.  We then briefly present an already existing “corridor”, which is a joint 

venture by some Swedish paper companies for train freight haulage to the European continent. Both 

the discussion of the various trade-offs and the case study points to the crucial role, and the complexity 

of, a combinatory mechanism that can establish a high load factor.  

2.1 Factors affecting choice between rail and road in long-distance freight haul 

Consider a shipper that sends goods to a remotely located receiver and has a choice between road 

transportation all the way or short to middle range truck transportation to and from railway terminals 

and rail transportation in between these terminals. The total shipment cost can be decomposed and 

compared between the two modes in the following way: 

1. Freight travel cost. The direct travel cost is the cost of driving a loaded truck or train between two 

points. Since the main idea of a rail GC is to take advantage of economies of scale, we assume that 

the cost per tonne kilometre of a fully loaded train is lower than that of a truck. However, the road 

alternative may still have a travel cost advantage as the truck can choose a direct route to the final 

destination, while the rail alternative may require a longer route including the short range transport 

to and from terminals.  
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2. The “generalized” freight travel cost. The total, or “generalized”, travel cost is got by adding the 

cost of travel time and travel time-uncertainty to the direct travel cost. The travel time cost 

includes the capital cost of the freight during transportation and the waiting cost of the customer. 

The cost of travel-time uncertainty depends on the just-in-time-demands of the shipment and the 

access to back-up systems when a good is delayed. Whether a train or a truck is most fast depends 

to some extent on running speed but more so on the degree of road and rail congestion. In rail, 

congestion, i.e., conflicts in track-use, are handled in two ways, by a scheduled time table, and by 

real-time traffic system control. Trucks, in contrast, are not hindered by scheduled delays, except 

for scheduled breaks for drivers´ resting time and for ferry crossings, but may be vulnerable to 

more or less occasional traffic jams. 

3. Loading, reloading and consolidation cost. These activities are costly and hence add to the total 

shipment cost. Freight consolidation is the combination of several shipments to a larger and hence 

more economical load (Cetinkaya and Lee 2002). Consolidation is time consuming and therefore 

comes at the expense of inventory carrying costs and customer waiting costs. This means that the 

larger economies of scale of the rail GC can be assumed to have a price by higher costs and time 

requirements for consolidation. 

4. Return travel load. Assuming a full load capacity transport in the direction from the sender to the 

receiver, the question is what happens in the other direction. If trucks and trains have to return 

empty, then the unit transport cost will double, compared to when they are fully loaded. It is not 

clear a priori how less than full capacity return freight affects the cost comparison of the two 

alternatives. If the cost of the train alternative is lower in the outbound direction, it will also be 

lower when the cost of the return travel is included. However, the direct truck alternative may 

possibly have a more flexible routing, which could affect the possibility to take on return freight. 

In summary, we see that train freight have several disadvantages in competition with truck freight. 

More efficient solutions for train transport on long stretches will give the train mode a competitive 

edge only if the enhanced use of economies of scale is combined with high performance in use of 

VTI notat 28-2014 27



8 
 

economies of scope (distribution and return transport) and in planning and real-time coordination of 

the freight consolidation. 

2.2 Supply chain management and transport market design 

Modern production is often characterized by complex exchange between multiple levels of 

production. These relationships are called supply chains. There are often strong complementarities 

between various inputs, i.e. production requires that specific bundles of inputs are available at the 

same time or in specific sequences. Freight shipment is a supply chain in itself. Freight is distributed 

in a logistics network with links and hubs, combining different transport modes and requiring complex 

synchronization of activities. Freight transportations therefore involves making very complex 

coordination of shipments that are differentiated with respect to origins-destinations, shipment size, 

time, time reliability requirements, regularity of shipments and involving both ex ante transport 

planning and real-time control. 

This coordination task is normally done by separate, or simultaneous, contracting between 

shippers and transport operators. However, markets where transactions between suppliers and buyers 

for multiple goods are negotiated in separate distributed negotiations may fail to result in efficient 

allocations in such settings (Walsh et al. 2000).  

In the next section we will briefly consider an existing train “corridor” case, showing that this way 

of contracting may not perform sufficiently well. 

2.3. A Green Rail Corridor: The case of Scand Fibre Logistics1 

  In a trial conducted by Deutsche Bahn, very long freight train sets are operated between Maschen 

(Hamburg) and Ringsted at Zealand in Denmark (Nelldal 2009). A possible next step would be to 

extend these trains over the Öresund bridge to Sweden, for instance to the rail hub at Hallsberg (200 

km west of Stockholm).  This is the core of a recent suggestion to launch a GC initiative for Hallsberg-

Maschen, possibly as part of an extended North-South European rail corridor from Narvik (in northern 

                                                           
1 Interviews for this case study were made by Jonna Flodman and Maria Gezici in 2010. Some basic facts are 
found in Godset (2011). 
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Norway) to Naples, Italy. In fact, the Hallsberg-Maschen route is already part of a train corridor 

operated by freight shuttles. This is the result of a collaborative effort by a group of large paper-

exporting companies in Sweden. 

Scand Fibre Logistics AB (SFL) thus delivers and develops logistics and rail-based transport 

services for the Swedish forest industry. Originating from a sea shipping division within Assidomän 

AB, SFL started train operations in 1999.  It is presently owned with equal shares by the five paper 

companies Korsnäs AB, Billerud AB, SmurfitKappa Kraftliner AB, Mondi Dynäs AB Holmen AB. 

Only one of the large Swedish paper companies, The Swedish-Finnish Stora Enzo, has not joined SFL. 

Stora Enzo has developed its own transport system using containers of a non-standard size that 

therefore are difficult to integrate with the systems used by SFL.  

Until recently the SFL system was based on trains with ordinary wagonload systems running 

from the paper mills located all over Sweden to the rail hub Hallsberg. From Hallsberg, dual-system 

locomotives took the wagons through Denmark or by ferries to Hamburg (Maschen). In Maschen, 

these wagons were connected to train sets for final destinations in Germany, the Netherlands, 

Belgium, Poland, Spain, Italy and the Czech Republic.  SFL has however now acquired train systems 

(called Rail11) that can go directly from the ten papers mills at different places all over Sweden to 

Germany (Hamburg and Dortmund) and further, or to Swedish harbors in Göteborg and other places.  

It also operates train systems starting in Southern Sweden (Malmö). The trains go via three regional 

nodes (Ånge, Gävle and Norrköping) and are then combined to as long and heavy train sets as possible 

in Malmö. In the homeward direction all wagons are collected in Hamburg and driven in long train 

sets to Hallsberg, from which they are distributed back to the paper mills. 

SFL currently has 5-7 daily outward trains (30-trains a week) and it owns 42 000 wagons. This 

covers 90 percent of the needs; the rest is covered by purchases on spot markets. The trains are 

operated by Green Cargo, Hector Rail, and Captrain. The total outward annual shipment is 2.4 million 

tons 
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In Sweden, the cargo is loaded by the shippers; all other loading is done by SFL or is contracted. 

A  German wagonload system is used with long wagons that take three containers.  However, shippers 

often have smaller shipments of specific paper assortments that do not fill a whole wagon, sometimes 

not even one container, which means that the full rent of the wagon has to be paid. An alternative that 

is currently considered is therefore to build an outbound distribution warehouse serving several 

customers for consolidation of freight.  

SFL transports import goods to Sweden, for instance wine and liquor, waste paper, construction 

material and components for Volvo Equipment Construction. The shippers have different 

requirements; some, like exporters of pasta, wine and liquors from Italy have strict time demands, 

others are willing to pay more and also accept a longer transport time for a “green” transport. All 

shipments are planned in advance but some are contracted with a short notice. 

 Shipments on SFL trains are ordered one day in advance; orders must be posted before 9 am the 

day before the shipment is to be made. 

 However, while the load capacity is more or less fully utilized in the outward direction, the load 

factor on return is a mere 40 percent. This is a major weakness of the current system that only to a 

minor extent is mitigated by the energy efficiency gain accomplished by the longer train sets on the 

way back to Sweden. This is therefore the main obstacle that has to be overcome if the SFL system is 

to be part of a “green” corridor.  

 SFL has operated for a long time and has a well developed marketing department that is 

supported by some of the largest paper companies in Sweden. Looking for ways to increase the overall 

load factor, a natural starting point is to consider the general structure of the market, and in particular 

how transport contracts are made. As we already have indicated, a natural suspect is the separate 

contract by contract process between shippers and transport operators. A logistics system is a complex 

network with intrinsic public good features. In the next section we will present a contracting/ market 

mechanism that possibly may work better than traditional business contracting as a means to raise  the 

overall capacity utilization in the network.  
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3. The combinatorial auction mechanism 

A combinatorial auction is an efficient bidding mechanism that can be applied when multiple contracts 

are to be awarded in the same tendering process (Vohra and de Vries 2003). The mechanism gives the 

individual shipper (auction) or supplier (procurement auction) an option to condition his bid on a 

separate contract upon the outcome of his bids on other contracts in the same tender. Hence, it enables 

both smaller and larger shipper/suppliers to bid more competitively on more contracts without being 

exposed to the risk of winning too few or too many contracts. The option to submit bids on bundles of 

contracts or to express maximum capacity, when multiple contracts are auctioned out (combinatorial 

bids), has the potential to reduce auctioning/procurement costs, thus value is added to the 

auctioner/procurer.   

 Walsh et al. (2000) consider the use of combinatorial auction for supply chain formation. They 

consider a case where a “market-maker” auctions the most important activities in the market using a 

one-shot combinatorial auction. If bidders bid their true valuations then this mechanism, unlike 

separate distributed contracting will yield an efficient allocation. However, with this mechanism, 

agents may be willing to place more aggressive strategic bids than they would do with separate 

negotiations. They conclude that there are roles for both distributed separate and combinatorial 

auctions in supply chain formation. 

  Roughly, one can distinguish between two types of combinatorial bids. The first type offers a 

discount if the shipper/supplier is awarded a package of contracts, pre-determined by the purchaser or 

arbitrary chosen by her. The second type of combinatorial bids expresses that the shipper/supplier has 

a limited capacity, or additional costs for engaging, to fulfill more than a certain number of contracts. 

The shipper/supplier submits stand-alone bids on a number of contracts, but in an addendum states that 

he is only prepared to accept a maximum number of contracts or contracts up to a given maximum 

contract value, or up to a given maximum physical volume. The shipper/supplier can also submit 

stand-alone bids on several of the contracts, but will in an addendum stipulate negative discounts; that 

is to say, if they are awarded more than a certain number of contracts, then all bids should be raised by 

x percent for each additional contract awarded.  
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 Combinatorial auctions are difficult to implement, mainly for two reasons. Firstly, the mechanism 

is NP-complete as it requires software that can handle the computational complexity to determine the 

winner. If the number of items and bids – single bids as well as package bids – are sufficiently large, 

one might end up with an unsolvable problem where a polynomial-time algorithm to find the optimal 

allocation is unlikely ever to be found. However, progress in combinatorial algorithms and computer-

processing capacity in the last few years has increased the use of the mechanism in industrial 

procurement, mainly in transportation.  

 Secondly, combinatorial bidding is strategically very complex for bidders and also very complex 

to design. Unlike single-item auctions, multiple item environments still lack theoretical guidelines for 

making general predictions concerning revenue and efficiency ranking for various types of 

combinatorial auctions. Krishna and Rosenthal (1996) show in a sealed-bid second-price auction, with 

two objects and a single global supplier, that a simultaneous auction outperforms the combinatorial 

auction when synergies are present. The reason is that the global supplier engages in “overbidding” 

where the supplier is bidding above his value, thus facing the possibility of a loss ex post.2 When it 

comes to the first-price multiple unit auctions, there is to our knowledge, no similar proof derived 

showing that a simultaneous first-price auction outperforms a first-price combinatorial auction. Also, 

the number of empirical and experimental studies comparing the outcome from the two auction 

formats is very limited. If any, there is weak support that the first-price combinatorial mechanism 

generates, at least, the same low cost as the simultaneous format (e.g. Epstein et al., 2004; Lunander 

and Nilsson, 2004; Cantillon and Pesendorfer, 2006; Lunander and Lundberg, 2009). 

 Cantillon and Pesendorfer (2006) refer to the results obtained in McAfee et al. (1989) and show 

that the presence of a combination bid does not necessarily indicate that the bidding firm is facing 

synergies. The submission of a combination bid can be equally motivated by strategic price 

discrimination. Cantillon and Pesendorfer conclude that the welfare consequences of first-price 

combinatorial procurement auctions are an open empirical question. However, the more that the 

                                                           
2 A similar result is found in Kagel and Levin (2005) in which they derive and analyze bidding behavior in a 

sealed-bid uniform price auction when synergies are present. They find that a supplier with multi-unit demand 

has, for some intervals of values, an incentive to submit bids above the valuation. Testing their prediction in an 

experiment, they find that subjects exhibit no reluctance to overbidding. 
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bidders’ unit costs are negatively correlated in the number of contracts won, the more likely it is that 

the combination bids reflect synergies across contracts rather than strategic price discrimination.   

 A number of studies on combinatorial bidding focuses on the inherent winner determination 

problem and how to express combined bids (e.g. De Vries and Vohra, 2003; Sheffi, 2004; Cramton et 

al., 2006; Abrache et al., 2007). Also, there is quite a large amount of literature analyzing the strategic 

implications of combinatorial bidding and how to design combinatorial bidding. A number studies 

consider the Vickrey-Clarke-Groves (VCG) mechanism (e.g. Krishna and Rosentahl, 1996; Holzman 

and Monderer, 2004; Yokoo et al., 2004; Ausubel and Milgrom, 2006; Chew and Serizawa, 2007).3  

 Combinatorial auctions are used frequently today in the procurement of transportation services, 

especially in the U.S. (Sheffi, 2004, Elmaghraby and Keskinocak 2003). In these auctions, the shipper 

asks the bidding carriers to quote prices on groups or packages of lanes, in addition to individual lanes. 

The carriers can form their own packages based on their own economic conditions, their existing client 

base, their drivers’ domiciles, and their underlying maintenance networks. The idea is to help carriers 

form packages that, if granted, will allow them to cut their costs for operating the lanes included in the 

packages and pass part of the lower costs on to the shipper in the form of lower bids.    

 Given the theoretical ambiguities, it is clear that the question of the role that combinatorial 

auctioning can play as a means for improving efficiency in utilization of large-scale transport 

capacities is on  a case where the proof of the pudding is in the eating, i.e., in the practical experience. 

For this reason we will in next section briefly review recent experience from some combinatorial 

auctions in Sweden. 

5. Experiences from combinatorial auctions in Sweden 

 In this section, borrowing from Lunander and Lundberg (2011) we briefly describe the 

procurement of four different public services (road resurfacing, elderly care, cleaning services, and bus 

services) carried out in Sweden over the period from 2003 to 2010. The tenders were all sealed-bid 

combinatorial auctions where suppliers had the option to submit bids on bundles of contracts as well 

                                                           
3 For a criticism on the practical usefulness of the VCG mechanism, see Rothkopf (2007).  
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as the option to declare limited capacity. In all tenders, suppliers were required to submit a stand-alone 

bid for every contract being part of a package bid. The suppliers were, with some minor exceptions, 

free to bid on any bundle of contracts. In some of the tenders, the procurer imposed a constraint upon 

the maximum number of contracts allowed to be in a package bid, or a constraint upon the maximum 

size of the offered discount in a package bid. Finally, the awarding of contracts was, in some of the 

tenders, based on the lowest price only, taking the form of the standard first-price sealed bid auction. 

In other tenders, contracts were based on multidimensional bids awarded according to a scoring rule 

where suppliers received a negative or a positive discount on their bids depending on the quality 

dimension of the bid. 

Case 1: Asphalt resurfacing. Asphalt resurfacing in Sweden is characterized by a relatively high 

degree of homogeneity with different suppliers offering similar quality and performance. Most 

suppliers operate over the whole of Sweden and submit tenders for contracts in all regions. Contracts 

are mostly awarded on the basis of price alone. Suppliers do, however, differ significantly in their 

capacity to produce and lay asphalt and this can vary according to their current workload. Asphalt 

resurfacing has a high fixed cost and a relatively low marginal cost – the marginal cost being the cost 

to produce and lay an additional ton of asphalt. At any time, it is likely that there will be a contract 

size which is most desirable for each supplier, best exploiting their spare capacity and enabling them 

to bid their most competitive price. In this situation, there is a tendency for collusion between 

suppliers which, in their eyes, can be ‘legitimized’ by the fact that it should lead to a reduction in total 

cost. The inherent problem when suppliers coordinate their bidding behavior is, of course, that they 

take advantage of the situation to offer prices which are higher than they need be.  

 In order to try to lower the incentives for collusion, the Swedish Road Administration (SRA) since 

2002 allow suppliers to submit combinatorial bids when bidding for asphalt resurfacing contracts. 

Lunander and Lundberg (2011) show that suppliers have been very successful in using package bids to 

get business. For every year that was studied, more than 70 percent of the contracts were awarded to 

package bids. 
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Case 2. Public Procurement of Cleaning Services. In 2006, the Swedish Social Insurance Agency 

procured cleaning services for all of its local offices in Sweden using a combinatorial bidding process. 

In total, 42 separate contracts, of which some of them comprised several offices, were auctioned out. 

The total area to be cleaned was 450,000 square meters. Besides submitting a stand-alone on any of 

the 42 contracts, bidding suppliers were given the opportunity to submit package bids on any bundle 

of these contracts. There was no limit as to how many bundles the suppliers could specify. In addition 

to their stand-alone and package bids, suppliers could also express capacity constraints by specifying 

the maximum amount of cleaning area they could manage in total in terms of the number of square 

meters. 

 Contracts were awarded according to the principle of the most economically advantageous bids. 

In addition to price, three qualitative criteria were considered when bids were evaluated and contracts 

assigned winners. Depending on the level of quality the supplier declared for each of the three criteria 

– which had to be controlled by the procurer – a monetary value per square meter was subtracted from 

the supplier’s offered price for each contract. That is, a bid for a specific contract was lowered with the 

reduction per square meter times the number of square meters for that contract. A statistical analysis 

by Lunander and Lundberg (2011) shows that bids were decreasing in the contract size, suggesting 

that suppliers face synergies in the number of square meters won. 

Case 3. Public Procurement of Elderly Care. The Swedish government has, in the last ten years, 

encouraged its municipalities to contract out their elderly care services. Private suppliers compete for 

contracts in a tendering process where the suppliers offering the best price and quality combination are 

awarded contracts. The motives for contracting the elderly care are both to improve the quality of the 

services and to lower the cost. In general, the size of a contract is determined by the number of elderly 

people to be taken care of. Although it is quite common that municipalities offer multiple set of 

contracts in one and the same procurement, combinatorial bidding is seldom applied. However, there 

are some exceptions. For instance, a combinatorial procurement auction of elderly care was carried out 

in the city of Östersund in November 2008. Eight separate contracts were available. Four of them 
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concerned nursing homes and four concerned home care service contracts. Suppliers were given the 

option to submit bids on packages of contracts, as well as stand-alone bids for individual contracts.  

Case 4. Public Procurement of Bus Transportation. Sweden’s local and regional bus services have 

been procured on a competitive basis since the late 1980s. In each province, the buyer is an 

administrative body owned by the local governments within the province and the elected regional 

assembly. The buyer makes a detailed description of the way in which the services are to be operated, 

including precise timetables.  The buyer also controls the ticket price and the operator hands all ticket 

revenue over to the buyer; alternatively, this revenue is deducted from the payment made to the 

operator. The contracts that are available are therefore gross cost contracts with no revenue risk for the 

operator. Operators provide vehicles, garages, maintenance depots, drivers, and facilities for drivers. 

The buyer also specifies norms for bus quality, including environmental standards, and minimum 

requirements for drivers, including such things as the use of standardized uniforms. Finally, the 

operator has to present a plan for the quality control of the activities to be undertaken. In most regions, 

contracts are awarded to suppliers with the lowest price. The supply of bus services to the public 

sector in Sweden are characterized by a high degree of homogeneity between operators in terms of 

service quality and high fixed costs for operators due to large investments in capital (buses). It is 

therefore likely that at any time there will be, for each operator, a package of services which closely 

matches their spare capacity and enables them to bid very competitively.  

 The main conclusion for our purposes of the review of these four cases in public tendering is that 

combinatorial bidding is already made in a variety of applications within the Swedish legal and 

institutional framework. The bumble-bee is indeed flying; combinatorial bidding is not just a 

theoretical construction but a practically implementable instrument that hence can have a potential also 

in use for coordination of supply and demand of train freight capacity in cases where multiple items 

and synergies (economies of scale and scope) are involved. 
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6. Discussion and conclusions 

 In this paper we have observed that the basic idea of “Green Corridors”, which is to exploit 

economies of scale, is in inherent conflict with economies of scope. In specific, a transportation 

system based on a long rail leg raises very complex challenges to transport planners in finding ways to 

get freight transport demand and supply to meet in all parts of the transportation network, so as to get 

an overall load factor and high transport efficiency. This would involve very complex coordination of 

shipments that are differentiated with respect to origins-destinations, shipment size, time, time 

reliability requirements, regularity of shipments and involving both ex ante transport planning and 

real-time control. Such a coordination task is normally done by separate distributed contracting 

between shippers and transport operators, which may lead to less than fully efficient allocations.   

 Our transport corridor case study, Scand Fibre Logistics’ rail freight transport centered on 

Swedish export of paper products, illustrates that separate contracting may not result in a high load 

factor. We also observe that in spite of much differentiated time requirements across shippers, the 

business is mainly organized in a spot market framework where transport next day is ordered (in the 

morning) the day before. Further, while SFL provides the exporting Swedish paper companies with 

integrated shipping solutions from each paper-mill site to receivers, shippers in the other end that want 

to use the transportation capacity in the northbound direction may need to find inter-modal 

combinations. 

 A rail corridor must have access to a more efficient multi-market clearing mechanism if it is to 

become a “green” corridor. From a brief review of some Swedish experience from the use of this 

mechanism for public tendering, we found that this mechanism is already used in a variety of 

applications with different kinds of synergies in production and consumption. Our conclusion is 

therefore that the combinatorial mechanism is a candidate to consider in the search for a market 

structure that can support Green Corridors.  

 This conclusion leads to questions on how to organize Green Corridors. The railway industry in 

Europe was previously nationally separated and dominated by vertically integrated (“steel to steel”) 
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national state-owned operators. This is now replaced with a (more) transnational and competition-

oriented structure based on vertical separation between management of the rail (etc.) infrastructure and 

train operations. While physical infrastructure is still in the public sector domain, coordination of 

supply and demand for freight transport services is to be made by the market. However, it is not 

obvious that in the new integrated European rail market with its much more fragmented structure it is 

possible for individual firms or even coalitions of firms to organize the market so that system-wide 

economies of scale and scope can be exploited. An issue for further analysis is therefore whether a 

“soft” GC infrastructure, like a market mechanism for GC freight load capacity that allows 

combinatorial bidding, is possible without some government intervention. The corridor case we have 

presented is the result of joint action of one group of shippers. This coalition thus involves only one 

side of the market (shippers) and on that side only firms with a primary interest in operations in one 

direction (export from Sweden). Moreover, they contract train operations but are not in control of the 

physical infrastructure, for instance the assignment of track usage slots and time-tables. In fact, the 

market for GC transport capacity can be seen as a market within a broader market or allocation 

mechanism that is controlled by government bodies. Further, when a market is organized by a limited 

group of companies, issues may arise concerning third-party access and other such problems in 

competition among firms that share a common network. This may limit the efficiency in a societal 

perspective of market solutions that are not supported by government intervention.  

 Going to more specific issues for further analysis in designing GC markets, an important aspect is 

to what extent prices can be differentiated with respect to various aspects of the timing of a shipment 

(departure, arrival, reliability, etc.), for instance by offering discount for so-called ramp freight (i.e., 

freight that can wait until there is free transport load capacity). Efficient price differentiation with 

respect to various timing features is obviously a systems-wide task involving synergies between 

shipments. This dimension of contracting for rail freight is therefore worth consideration; first because 

it concerns directly the core trade-off in consolidation between time and size; second because it can be 

exploited with combinatorial bidding organized already by a “partial” GC such as SFL.  
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 Another essential issue to consider is how contracting for load capacity in a “long train leg” can 

be integrated with contracting for short and medium range transport to and from the rail hubs. In the 

SFL case, that would put shippers in both directions of the corridor shuttles on a more equal footing 

and would therefore be an important step in establishing a GC. 
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1 Introduction 

1.1 Background  

Most of the CO2 emissions within the transport sector (that stand for 1/3 of the total CO2 

emissions on the Swedish territory) are from passenger cars and heavy trucks.1 In spite of 

increased traffic, the CO2-emissions from cars decreased by nine per cent since 1990. This 

reduction can be explained by the use of more energy effective cars and an increased use of 

bio fuels. This decrease was counteracted by the around 44 per cent increase of the CO2-

emissions from heavy trucks and other heavy vehicles during the same period, 

(Naturvårdsverket, 2012). Reductions form heavy trucks in CO2-emissions form heavy trucks  

are expected if no additional policies are implemented. 

 

Both Sweden and the European Union have quantitative targets for CO2 emissions. Taxes on 

fuel based on their carbon content are used to internalize the social costs associated with 

emissions. As CO2 emissions are directly linked to fossil fuel consumption, it is easy to 

calculate the emission volumes via the amount of fossil fuel used. Administrative and 

informative measures are also applied. In contrast to these measures, fuel taxes are 

particularly useful when there is asymmetric information (e.g., regarding the available 

technology, between the firms and the government). This follows mainly from taxes and other 

economic instruments’ ability to decentralize decision making to the firms who are best 

equipped to make such decisions.  

 

The Swedish diesel and gasoline tax consists of two parts: the energy tax and the tax on CO2 

content in the fuel. The purpose of the CO2 tax is to internalize the costs of CO2 emissions. 

The energy tax can be seen as an instrument to internalize externalities other than those that 

can be associated with CO2 emissions.2 The diesel price (including tax) increased nearly four 

times as much as the GDP between 1990 and 2011 and that the diesel price was subject to 

larger fluctuations.3 Diesel prices have shown similar fluctuations as crude oil prices, 

although the fluctuations have been somewhat moderated by the tax. 4 

1.2 Scope and structure of the paper 

This project analyses how CO2-emissions from heavy road freight transports in Sweden have 

developed since 1990.5 Indicators are applied for transport demand, modal split and transport 

prices (chapter 2), the logistic efficiency of road freight transports (chapter 3), the energy 

efficiency of these transports (chapter 4) and the CO2-intensity of the fuel used for road 

freight transports (chapter 5). We discuss how different factors and circumstances influence 

the indicators. In chapter 6 we compare the in Sweden observed price elasticities to modeled 

elasticities from the literature and the Swedish national freight model. In chapter 7 some 

conclusions are drawn. 

2 Swedish Freight Transport market 

2.1 Freight transport intensity  

                                                 
1 with over 3,5 tonnes total weight 
2 To some extent both the energy and CO2 tax have fiscal motives as they raise tax revenues. 
3 See Figure 11 in Annex. 
4 See Figure 12 in Annex. 
5 For a theoretic analysis see (Mandell, Nilsson, & Vierth, 2013) 
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Freight transports have grown rapidly, both in Sweden, the rest of Europe as well as the wider 

world. Increased transport volumes will, ceteris paribus, lead to increased demand for energy 

and more CO2 emissions.  The time series data for Sweden show that the tonne kilometre 

development in general follows the development of the GDP (in fixed prices). This becomes 

very clear in the recession year 2009 when both GDP and tonne kilometres dropped a lot. 

Figure 1 shows that the tonne kilometers have increased faster than GDP in the 1990-ties 

while it is the other way round since 1999. This means the transport intensity has decreased 

and a decoupling process has started since that year.  The difference between GDP-growth 

and tonne kilometre growth has increased since 2008-6 

 

 

Sources: Statistics Sweden, Trafikanalys 

 

Figure 1: Development of GDP (in fixed prices) and total tonne kilometres performed on 

Swedish territory 1990-2011 

The amount of cargo transported was quite stable over the period 1990 - 2011. This means 

that the increase in tonne kilometres was caused by the increase in transport distance. 

(McKinnon, 2010) develops that the trend has been driven all over the world by a) the wider 

sourcing of supplies and b) the centralisation of industrial production and ware houses 

(including increased foreign trade). He states that “these processes cannot continue 

indefinitely” and sees that the expansion of market area is now at an advanced state in mature 

countries like the UK but not in all parts of the world. Therefore CO2 taxes or emission-

trading prices for carbon would have to be set to a high level to return to more decentralized 

systems. McKinnon emphasizes that it is necessary to carry out trade-off analyses related to 

CO2 emissions in order to determine the net carbon impact of transport and ware 

housing/production.   

                                                 
6 Similar developments are described for the UK (Pagnolucci; D Bonilla, 2009) and Denmark (Kveiborg & 
Fosgerau, 2004) 
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2.2 Modal split   

If we have a closer look at the different modes of transport, the tonne kilometre increase on 

the Swedish territory was, in most of the years, highest for road freight transports (the most 

CO2-intensive mode of the three modes included in Figure 2). Rail transports have been quite 

stable during the 1990-ties and increased since the turn of the millennium. The development 

for the sea transports to, from and between Swedish ports on Swedish territory, was about the 

same as for the total tonne kilometers.7  

 

 

Source: Trafikanalys 

Figure 2: Development of tonne kilometres road, rail and sea and in total in Sweden 

1990-2011, Index (1990=100) 

The share for road transports was lowest in 1992 (36 per cent) and highest in 1999 (42 per 

cent). The rail share is with much lower than shares for road and sea; the share dropped in the 

1990-ties and increased in recent years. In 2011 around 24 percent of the total tonne 

kilometres in Sweden were performed by rail.  

 

 

Source: Trafikanalys 

Figure 3: Modal split (tonne kilometres by road, rail and sea in Sweden) 1990-2011 

The CO2-intensity of the energy used, expressed in gram CO2 per tonne kilometre, differs 

between the modes. Shifting from road to less CO2 intense modes can reduce the CO2-

                                                 
7 Sweden has by definition no inland waterway transports. 
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emissions per tonne kilometre. The internalisation of the social marginal costs of the 

transports including CO2 emissions, would probably lead to modal shifts.8 The EU and 

national governments promote rail, inland waterway and sea transports to facilitate shifts from 

road. According to the White Paper (COM(2011)144 final, 2011) 30 per cent of the road 

freight over 300 km should shift to other modes such as rail or waterborne transport by 2030, 

and more than 50% by 2050. 9 In this context one has to be aware that shippers take into 

account quality aspects (above the transports costs) when choosing transport solutions.10 

 

VTI studied the potential for mode shifts on behalf of the Swedish Institute of 

Communication Analysis SIKA, (Vierth & Mellin, 2008). One result in the study is that there 

are large transfer potentials from long distance road transport to combined road rail transport. 

It is however stated, that there are barriers in form of insufficient rail infrastructure capacity 

and insufficient flexibility and co-operation along intermodal chains.  

 

2.3 Transport prices  

Statistics Sweden (SCB, 2012) publishes freight rates for road and sea transports since 2004. 

Figure 4 illustrates how the sea transport prices fluctuate. The rates increased more than the 

GDP between 2004 and 2008 and have dropped by about 30 per cent units since then. The 

road transport prices, on the other hand, increased during the whole period 2004-2012. The 

growth rates for the GDP and the road freight transport prices were about the same till 2007; 

since that year the road transport prices grow faster than the GDP. One has to be aware that 

different segments of the freight market use the road respectively the sea mode. The sea 

transport rates are to a high extent negotiated at a global level and the road transports at a 

national or European level. 

 

Source: Statistics Sweden (SCB) 

Figure 4 Freight rates for road and sea transports 2004-2012, Index (2004=100) 

 

                                                 

8 The internalisation of the external effects is e.g. described in (Nilsson, Mandell, & Vierth, 2012) 

9 The Marco Polo programme for example “aims to free Europe's roads of an annual volume of 20 billion tonne-
kilometres of freight by transferring freight from road to rail or short-sea shipping routes or inland waterways. 
See http://ec.europa.eu/transport/marcopolo. 

10 See e.g. (Vierth, I., 2012) 
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3 Logistic efficiency of road freight transports 

3.1 Vehicle utilization   

3.1.1 Load factors  

The relation “tonne kilometres / vehicle kilometres” indicates how many truck kilometers are 

needed to perform a certain amount of tonne kilometres. If the vehicle utilization is increased, 

there is a corresponding reduction in fuel consumption and CO2-emissions per tonne 

kilometre.11 One has also to be aware of the fact that the commodity mix changed towards 

more light, often high value, goods. Figure 5 shows that the vehicle kilometres and the tonne 

kilometres developed in the same way except for the periods 1993-1999 and 2008-2011.12 

The allowance of heavier trucks in 1990 (max 56 tonnes total weight instead of max 51.4 

tonnes total weight) and 1993 (max 60 tonnes total weight) led to more efficient road 

transports due to a better use of the capacity per truck.  

 

Second order effects (that lead to increased CO2 emissions) can appear in form of shifts from 

rail to road. However, a review of the Swedish time series 1975-2005 for the total transports 

by commodity shows that it is difficult to find evidence of road and rail taking volumes from 

each other, (Vierth, o.a., 2008). There is though more direct competition between the modes 

in the market segment for long distance transports.13 

 

 

Source: Trafikanalys, HBEFA 

 

                                                 
11  There is also a potential for the other modes to increase vehicle utilisation but below  we focus in road 
transports. 

12 The tonne kilometre figures are taken from Trafikanalys and the vehicle kilometre figures from the HBEFA-

model. The HBEFA-model is used in the calculation of the national emissions in Sweden. Originally the Handbook 
of Emission Factors for Road Transport (HBEFA) was developed on behalf of the Environmental Protection 
Agencies of Germany, Switzerland and Austria. In the meantime Sweden, Norway, France as well as the JRC 
(European Research Center of the European Commission) are supporting HBEFA. See http://www.hbefa.net/e/. 
The truck vehicle kilometres used in the HBEFA model differ in some years to the truck vehicle kilometres 
published by Trafikanalys. The HBEFA-figures are used as they are compatible to the HBEFA figures for fuel 
consumption. 
13 See e.g. (Vierth, I; Karlsson, R, 2012) 
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Figure 5 Road tonne kilometres and vehicle kilometres in Sweden 1990-2011, Index 

(1990=100) 

Beyond the use of heavier trucks, several different measures can be applied to increase the 

truck utilization. (McKinnon, 2010) lists e.g. improved back loading, use of more space 

efficient handling systems, packaging and more transport efficient order cycles. He stresses 

the “inter-functional relationship” between freight transports and production, inventory 

management and that it is in many cases rational for the firms to prioritize other activities 

over the improvement of the transport efficiency.14 In Figure 515 we observe that the load 

factor decreased during/after the recession in 2008. The drop in demand contributes to the 

lower load factor since 2008/2009. However, the share of domestic traffic without load16 

decreased from 37 per cent in 2008 to 17 per cent in 2011.17 This indicates that the overall 

lower load factor cannot be explained by an increase in empty trips.  

 

In 2011 the Swedish transport authorities studied the load factors and empty transports for the 

land based transports in a government commission, (Transportstyrelsen, Trafikverket, 

Trafikanalys, & VINNOVA, 2011). The authorities do not suggest detailed policy measures. 

They develop that neither their literature studies nor their discussions with stake holders 

indicate that revised laws and regulations would have large impacts on the use of the truck 

and train capacity. 

 

3.1.2 Share of empty trips and average transport distances 

The load factors (for the loaded trips and all trips) are tentatively higher for longer distances.18 

And, as mentioned in section 2.1, an increase in the average transport length can be observed. 

The share of international transports, that are tentatively longer than domestic transports, has 

increased over time. The average distance of the domestic transports increased from 75 

kilometres (2000) to 103 kilometres (2011).  

 

3.2 Consumed fuel per tonne kilometre 

The road freight transports carried out in Sweden have become more effective in that way that 

the amount of fuel used has increased less than the tonne kilometers performed. See Figure 6. 

The decrease of the fuel consumption per tonne kilometre can among others be explained by 

the use of vehicles with a larger capacity. The efficiency improvement was as expected 

highest in the 1990-ties due to the allowance of heavier trucks. (see 3.1). 

 

Another reason for the large decrease in fuel consumption per tonne kilometre during the 

1990-ties is that there was a remarkable reduction of the fuel consumption per truck kilometre 

                                                 

14 Under some circumstances it can be beneficially (for the reduction of the CO2 emissions in total and the 

climate) to increase the CO2-emissions from road freight transport in order to achieve savings in other fields. 
15 where we compare aggregate figures for tonne kilometres and vehicle kilometres 
16  collected via the national survey that comprises Swedish trucks 
17 
http://www.trafa.se/sv/Soksida/#query=*&mainfacet=22&mainfacetname=category;statistik&tabindex=2&pagi
ngnr=8&queryex=Statistik;Vägtrafik,Statistik;Vägtrafik|Lastbilstrafik&sort= sort:reverse:meta:docdate 
Trafikanalys webb page. The share of empty trips was 24 per cent in 2000.   
18 The economic incentives to fill the vehicles and to avoid empty transports are higher for longer transports.  
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during that period. (See 4.1.) The fuel savings were much less since then as focus was moved 

to the reduction of the HC, NOx, and PM emissions (and the EURO classes were introduced). 

The reduction of the fuel consumption per truck kilometres continued several years after the 

1990-ties because if the replacement of old trucks with a high fuel consumption. 

 

  

 Sources: Trafikanalys, HBEFA 

Figure 6 Development of tonne kilometres and consumed fuel 1990-2011, Index 

(1990=100) 

The overall drop in demand contributes to the higher fuel consumption per tonne kilometre 

since 2008. The higher fuel consumption per tonne kilometre is one explanation for the 

increase of the road transport prices in 2008 (see 2.3). 

 

(Hovi & Andersen, 2010) study Norwegian time series data for the period 1993-2008. They 

conclude that road freight transports have become more effective due to a better use of the 

capacity, a lower share of empty transports and due to the fact that the longer transports have 

increased most. Hence the overall “logistic trends” are as expected the same as in Norway and 

Sweden. 

 

 

4 Energy efficiency of road freight transports 

4.1 Consumed fuel per vehicle kilometre 

The development of the truck kilometres and the consumed fuel are correlated closely. See 

Figure 7. The energy efficiency (expressed as fuel consumption per vehicle kilometre) has 

decreased slightly since mid of the 1990-ties.19 It can be observed that there was a decrease 

for the total fuel consumption during the 1990-ties. Since the end of the 1990-ties the fuel 

consumption per vehicle kilometre decreased in spite of the fact that heavier trucks were 

used.20.  

                                                 
19 See 3.2. 
20 The development took place in spite of the fact that the overall traffic volume and congestion increased in 
some parts of the Swedish road network. The introduction of congestion taxes in Stockholm has though 
decreased the level of congestion.  
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Source: HBFA 

 

Figure 7 Development of vehicle kilometres and consumed fuel 1990-2011, Index 

(1990=100)  

The later development differs somewhat from the development in Norway. (Thune-Larsen, 

H.; Hagman, R.; Hovi, I. B.; Eriksen, K.S., 2009) state that the CO2-emissions from domestic 

road freight transports in Norway have increased more than the corresponding truck 

kilometres performed but less than the corresponding  tonne kilometres performed.  

 

4.2 Measurements to improve fuel efficiency  

The in Figure 7 described development implies that other factors than the use of heavier 

trucks have counteracted the increase in fuel consumption per truck. These factors are for 

example the technical characteristics of the trucks and the driving style and the 

design/maintenance of the roads21. There have only been incremental efficiency gains from 

the refinement of the trucks’ technology since 1990. This can partlv be explained by the 

cutting of NOx and particle emissions at the expense of CO2 emissions, (McKinnon, 2010). 

 

The Ricardo study, that was prepared for the UK Department for Transport (Baker, Cornwall, 

Koehler, & Petterson, 2009) concludes that several fuel and CO2 saving technologies (turbo-

charging engines, low rolling resistance tyres, improved aerodynamic profiling, hybridization 

and anti-idling devices) can be deployed in trucks in the short to medium term. The Ricardo 

study and the TIAX study (K. Law; M. Jackson; M. Chan, 2011) estimate that near-term 

technologies can reduce the CO2-emissions per truck by at least 30 per cent,  

 

Driver training, where transport firms monitor driving performances and give the their staff 

incentives to drive fuel-efficiently, can reduce the fuel consumption per vehicle kilometre, 

ceteris paribus. In Sweden courses in eco driving are mandatory for truck drivers since 2008. 

The Transport Administration stresses that eco-driving improves both efficiency (e.g. leads to 

                                                 
21 For road related measures see (KNEG, 2012) 
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less CO2-emissions and to less accidents) and the transport firms’ profitability (Trafikverket, 

2013).  

 

Since 2006 Swedish truck and fuel providers, carriers, forwarders  and shippers, researchers 

and public agencies co-operate within the KNEG-network (Climate Neutral Freight 

Transportation).22 KNEG:s goal is to halve the climate impact of road freight between 2005 

and 2020 by improving the logistics efficiency as well as the efficiency of the trucks and fuel 

used. A further aim is to increase the use of renewable fuels, (KNEG, 2009). To date most of 

the reduction of the CO2 emissions were due to more efficient trucks (over 50 per cent) and 

fuel (around 40 per cent) and only six per cent due to logistic measures, (KNEG, 2012) . 

 

(Mellin & Pyddoke, 2013) carried out an interview study addressing voluntary climate 

measures with eight firms that are KNEG-members. One result of the study is that the firms 

apply several voluntary measures but cannot say what a) the specific costs for these measures 

are and b) whether these measures lead to significant reductions of the CO2-emissions. The 

authors discuss the potential of standardised methods to calculate emissions. (In the meantime 

the CEN standard SS EN 16258 Methodology for calculation and declaration of energy 

consumption and GHG emissions of transport freight and passenger transport services has 

become available.23  

 

4.3 Barriers to the implementation of fuel saving technologies  

A study performed by CE Delft on behalf of the International Council on Clean 

Transportation ICTT24 identifies barriers to the implementation of fuel efficiency improving 

technologies, that are potentially cost effective but currently not universally implemented in 

the European freight sector (Aarnink, Sanne; Faber, Jasper; den Boer, Eleco, 2012). The 

study finds that there are technological, institutional or financial barriers when it comes to the 

implementation of fuel saving technologies.  

 

4.3.1 Technological barriers  

Even though technologies are commercially available there may be uncertainties related to the 

technology itself and the market developments.  

 

4.3.2 Institutional barriers  

Split incentives (principle agent problems) can impede the implementation of energy-efficient 

technologies as the firms that invest in these technologies have little incentive to do so. Split 

                                                 
22 Today the KNEG-network as 16 members.    
23 See http://www.sis.se/sociologi-service-f%C3%B6retagsorganisation-och-ledning-och-
administration/tj%C3%A4nster/tj%C3%A4nster-f%C3%B6r-konsumenter/ss-en-162582012. 

24 http://www.theicct.org/ The International Council on Clean Transportation (ICCT) is an independent 

nonprofit organization founded to provide first-rate, unbiased research and technical and scientific analysis to 

environmental regulators. ICCT: s mission is to improve the environmental performance and energy efficiency of 

road, marine, and air transportation, in order to benefit public health and mitigate climate change. 
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incentives can result from contract structures; i.e. when carriers (hauliers, transport 

companies) can pass their fuel costs directly to shippers or logistics providers (forwarders).  

 

According to (Greater Than, 2011)25 who performed questionnaires with 1 100 carriers and 

logistics providers in Europe26 the following common contract are common 

- open book contracts, where shippers and carriers agree on a fixed operational margin. 

These contracts remove the incentives for the carriers to improve the trucks’ fuel 

efficiency (unless this is a specific criterion in the contract).  

- contracts where carriers and shippers agree on a fixed per unit price. This price is 

protected by “fuel escalators” through which carriers can pass on increases in fuel 

costs to shippers.27  

- contracts where forwarders add a commission on top of the transport costs. This means 

the higher the transport costs, the higher the commission, which reduces the incentives 

to save fuel costs. Furthermore logistics providers often work with fuel surcharges in 

order to pass on fuel cost increases to shippers; also these surcharges reduce the 

incentives to use energy-fuel technologies and trucks.  

 

There is no complete empirical information about the relative use of open book or fixed prices 

contracts in Europe. According to (Luman, 2011) around 70 percent of the road transport 

companies in Belgium apply fuel causes to pass on fuel prices increases to shippers. In a small 

Swedish study (Hansen, 2009) all eight carriers use fuel escalators or index adjustments. In 

the Greater Than study (Greater Than, 2011) around 55 per cent of the 1 100 interviewed 

firms use fuel surcharges. Around 20 per cent of the firms use open book contracts on a 

regularly basis.  

 

Split incentives can also be caused by ownership patterns of trucks and trailers. Logistics 

providers do usually not own vehicles and do therefore not invest in fuel saving technologies 

themselves. The logistics providers would have to invest in these technologies while the 

carriers would benefit from reduced fuel consumption. The same type of problem appears for 

carriers that lease their vehicles. It happens also that different firms own truck and trailer, 

(IEA, 2012).   

 

(Greater Than, 2011) find that 92 percent out of the 1 100 interviewed carriers and logistics 

providers do not prioritize fuel savings and do not have  fuel savings as a specific target 

during the operations. (When investing in new vehicles, fuel efficiency was though one of the 

top priorities.) Greater Than think that the low prioritization of fuel savings can be explained 

by the contract structures described above and traditions (e.g. beliefs that the transport sector 

perceives fuel as a necessity that is hard to influence). (Khan, Harmelink, Harmsen, Irrek, & 

Labanca, 2007) find that energy related measures are generally given low priority, when 

energy costs are only a small share of a firm’s total costs.  

                                                 
25 http://www.greaterthan.eu/en/about-us/purpose-people-2618693 Greater Than’s vision is to make road 

transport more energy efficient, producing less CO2 emissions and more profitable. Greater Than’s mission is to 

change current business models, incentivise improvements and make transport buyers encourage fuel reductions. 
26 None of the interviewed firms is from Sweden.  
27 The calculation of fuel escalators (drivmedelstillägg) in Sweden is i.e. described in (Åkeriföretag, 2013) 
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Also lack of information can be obstacles. Firms that are not aware of fuel saving measures 

will obviously not invest in them. (Aarnink, Sanne; Faber, Jasper; den Boer, Eleco, 2012) 

mention that there is no commonly agreed standard for expressing the fuel efficiency of truck 

and trailer. According to (Johansson, H, 2012) the fact energy efficiency improvements 

claimed by the truck manufacturers are not confirmed in real traffic, can probably be 

explained by the fact that changes in driving style (e.g. same speed uphill as downhill), cancel 

out the energy efficiency improvements .  

 

Once an investment decision for a fuel saving technology has been made, additional 

transaction costs will result, such as costs for negotiation, implementing and monitoring 

contracts. (Faber, o.a., 2009) state that these aspects can be very costly and lead to further 

hidden transaction costs. Especially for smaller companies, the transaction costs can act as 

barriers.   

 

4.3.3 Financial barriers  

Finally financial barriers can limit for the introduction of new solutions. According to 

(McKinsey & Company, 2009) fuel saving technologies in the transport sector have relatively 

high upfront capital costs compared to other sectors. (Goodyear Dunlop, 2012) find that 40 

percent of the fleet managers in a sample of 400 that were surveyed, lack funds to replace 

older trucks. Normally payback period of two to three years are often required for the 

investments in fuel saving technologies, ('AEA and Ricardo, 2011). The Swedish road freight 

transport sector is characterized by a high share of small carriers. Around 40 per cent of all 

firms are one man companies and around 80 per cent have less than five employees. For 

detailed information about the freight transport companies’ profitability. See (SIKA, 2009).   

 

Also the level and development of the fuel prices28 influences the adoption of new fuel saving 

technologies. The value of the technologies depends on the fuel prices; the higher the fuel 

price, the shorter is the payback period. Uncertainties about the fuel prices can impede the 

adoption of fuel saving technologies. The annual mileage of the respective trucks does of 

course also influence the payback period.  

 

Another aspect that has to be kept in mind is that the road freight market is deregulated at the 

national and the EU level. The share of the fuel costs differs between carriers (and drivers) 

from different countries that operate on a deregulated market. (Hovi & Hansen, 2011) find 

that the staff costs are by far more important than taxes and fees.29 Figure 8 illustrates that 

truck and fuel costs are quite similar in Norway, Sweden and Poland. However, the staff costs 

differ a lot, their share of the total transport costs lies between 12 per cent in Poland and 

around 40 per cent in Norway.  

 

                                                 
28 see Annex 
29 (Hovi & Hansen, 2011) assume all costs form the respective country and do not take into account the case 
where a driver from country A works for a transport frim from country B. 
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Source: (Hovi & Hansen, 2011) 

Figure 8: Transport costs for semi-trailer in NOK (2010) 

 

4.4 Rebound effect and elasticities of fuel use in respect to fuel price 

(de Borger & Mulalic, 2012) study the determinants of fuel use in the trucking industry in 

Denmark using aggregate time series data over the period 1980-2007. They estimate an 

econometric model that captures the linkages between the demand for road freight services, 

the characteristics of the truck fleet (that determines fuel efficiency and the demand for fuel). 

The model allows them also to identify and estimate the rebound effect of improvements in 

fuel efficiency.  

4.4.1 Rebound effect  

As fuel efficiency improves, the unit costs per tonne kilometre are reduced. This leads to 

lower prices for road transports (when a competitive market structure is assumed). In turn, the 

lower road transport prices stimulate the demand for road transport services, which raises fuel 

consumption (and the CO2-emissions). In other words, the reduction in fuel induced by higher 

fuel efficiency is partly offset and “the end total fuel use” responds less than proportionally to 

the exogenous changes in fuel efficiency. A rebound effect of approximately 10 per cent in 

the short run to 17 per cent in the long run is estimated. This means that a 1 % improvement 

in fuel efficiency reduces fuel use by 0.90 % (in the short run) to 0.83 % (in the long run).   

4.4.2 Elasticities of fuel use in respect to fuel price 

(de Borger & Mulalic, 2012) find that carriers react to higher fuel prices by a) raising the 

average capacity of the trucks (which in turn increases the fuel consumption per truck so that 

the total fuel consumption increases) and b) investing in more efficient trucks (so that the fuel 

consumption decreases). The authors estimate elasticities30 of the fuel use with respect to the 

fuel price of -0.13 (in the short run) to - 0.22 (in the long run). They explain the relatively low 

                                                 

30 An elasticity gives the impact of a change in an independent variable on a dependent variable, both measured 
in percentage changes. If the impact of a 1% increase in the price for a road transport service on tonne 
kilometres is a decrease in truck tonne kilometres by 0.3%, the price  elasticity of the demand for road tonne 
kilometres is -0.3 (=-0.3/1). An elasticity can be positive or negative. If an elasticity (in absolute values) exceeds 
1, the dependent variable is called ‘elastic. If the elasticity value (in absolute terms) is between 0 and 1, the 
dependent variable is ‘inelastic’. 
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elasticities with the rebound effect and the impact of the fuel prices on the size/age 

composition of the fleet. 

The authors conclude saying that their empirical analyses of the determinants of fuel 

consumption by carriers and the estimation of the rebound effect are highly relevant for the 

evaluation of policy measures as higher fuel taxes, regulations for fuel efficiency and truck 

dimensions.  
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5 CO2-intensity of used fuel in road freight sector 

Finally it is possible to reduce the CO2 emissions from road freight transport by energy 

sources containing no or low carbon. This can be biofuels, biogas (Kågeson & Jonsson, 2012) 

or electricity (electric motorways). The Swedish government aims for a fossil independent 

vehicle fleet for passenger and freihgt transports and all modes. (KNEG, 2012) discusses 

several obstacles for the increase of the share of alternative non fossil energies: access to raw 

material including distribution, production plants, infrastructure for vehicles that can use the 

alternative fuel. Policy measures can be necessary to overcome these and/or promote the use 

of these energy sources.  

6 Modelling policy impacts  

6.1 Observed elasticities 

Elasticities usually come from econometric models or network models. The modelled 

elasticities are defined using the ‘ceteris paribus’ condition. They are valid under the 

assumption that all other things do not change.  

 

Elasticities can also be calculated from observations of the impact of a change (e.g. a change 

of fuel prices) where other things can change.31 Figure 9 comprises the development of the 

diesel prices (including tax), the consumed litres diesel, the prices for road transports and road 

tonne kilometres in Sweden 2004-2011. The fuel prices fluctuated a lot and increased by 70 

per cent; the fuel consumption fluctuated and increased much less but followed the fuel prices 

at large. The road transport prices increased in all years; they were about 20 per cent higher in 

2011 than in 2004. In spite of increasing road transport rates the road tonne kilometres 

increased in all years, except 2009,  

 

 

Sources, Swedish Energy Agency, HBEFA, Statistics Sweden, Trafikanalys  

 

Figure 9 Development of diesel prices (incl tax), diesel consumption, prices for road 

transports (both in running prices) and road tonne kilometres, Index (2004=100) 

 

Typically demand decreases when fuel or transport prices increase and vice versa and price 

elasticities are negative. The road transport price elasticity of tonne kilometres 2004-2008 is 

                                                 
31 This is normally done in form of before and after studies. 

80

100

120

140

160

180

2004 2005 2006 2007 2008 2009 2010 2011 2012

In
d

e
x,

 2
0

0
4

=1
0

0

fuel price fuel consumption

road transport price road tonnekm

VTI notat 28-201458



17 

 

positive and lies around 1. In 2008 the amount of tonne kilometres dropped in the same way 

as the fuel prices and increased again but not as much as the diesel prices. The fuel price 

elasticity of litres fuel consumed is also positive (except in 2007) but less elastic than the road 

transport price elasticity of tonne kilometres.  

 

We are aware of the fact that we cannot draw long going conclusions out of our back of the 

envelope calculations for the relatively short and fluctuating period 2004 – 2011. But it can be 

illustrated the fuel consumption (and CO2 emissions) and road tonne kilometres in general 

increased in spite of higher fuel prices and road freight transport rates.  

 

6.2 Modelled elasticities  

6.2.1 Elasticities in litterature  

(de Jong, G.; Schroten, A; Van Essen, H.; Otten, M.; Bucci, P, 2010) compiled long term 

elasticities for long distance road freight transport. They derived the following best guess 

elasticities from the ranges in the literature. See Table 1. The fuel price elasticity with regard 

to fuel use includes changes in fuel efficiency, logistic efficiency and demand. The vehicle 

kilometre price elasticities consist of changes in mode, logistic efficiency and demand. The 

tonne kilometre price elasticities consist of changes in mode and demand. 

 

Table 1: Price elasticities  

Price change  Impact on 

 Fuel use Vehicle km Tonne km 

Fuel price -0.3 -0.2 -0.1 

Vehicle km price   -0.9 -0.6 

Tonne km price    -1.0 

 

The best guess road transport price elasticity of tonne kilometres is -1.0. It has the same 

absolute size as our roughly calculated price elasticity of tonne kilometres above but the 

opposite sign. The fuel price elasticity of litres fuel used is lower, it has also the same size as 

our roughly calculated elasticity and the opposite sign.  

 

6.2.2 Elasticities caculated with Swedish Samgods model 

The Swedish national freight transport system Samgods assumes a fixed transport demand. 

The model system comprises a logistics modul which allows to take into account shipment 

sizes, economies of scale and consolidation in the transport system, which makes the model 

more realistic (than the former model that was limited to mode and route choice and used the 

same network).32 The model is deterministic and minimises the annual logistics costs of 

hypothetical shippers of different size. We calculated with help of the Samgods model 

                                                 
32 For information about the Samgods model see (de Jong, Ben-Akiva, & Baak, 2008), (Vierth, I.; Lord, N.; 
McDaniel, J., 2009). 
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transfers from smaller to larger trucks33 and a 2.5 % decrease of the road tonne kilometres due 

to a ten per 10 increase of the distance based road transport costs (an elasticity of -0,25).34 

 

The Samgods model does not distinguish between the short and medium term perspective and 

does not take into account different types of actors (carriers, forwarders, shippers) and their 

contracts. The model does only distinguish between large, medium and small shippers. Perfect 

competition is assumed and that the shippers take into e.g. changed fuel taxes (that are faced 

by the carriers) when they choose their transport solutions. It is assumed that the fact that the 

relative costs between e.g. different modes always lead to lead to revised choices of transport 

solutions.  

 

We see a need to analyse the implications of the simplifications that are used in the model and 

what is needed to better mirror the circumstances that we observe in reality. It is for example 

necessary to distinguish between the short term perspective (with existing contracts and 

owner ship patterns for vehicles) and a medium and long term perspective (where contracts 

can be revised).  

 

7 Conclusions 

The CO2 emissions from heavy trucks in Sweden have increased since 1990, even though 

they were reduced due to the economic recession. No further decreases are expected if no 

additional policies are implemented.  

 

The logistic efficiency of the road freight transports in Sweden (expressed in vehicle 

kilometres per tonne tonne kilometre) improved especially in the 1990-ties due to the 

allowance of heavier trucks. Also the energy efficiency (expressed as fuel consumption per 

vehicle kilometre) increased during that period. Since then no major efficiency gains were 

realized.  

 

Today different technologies, that are potentially cost effective to further reduce CO2 

emissions from road freight transport, are available. However, technical, institutional and 

financial barriers reduce the incentives for the transport firms to improve the fuel efficiency of 

their trucks.  

 

Institutional barriers are related to incentive structures that involve several stake holders. Split 

incentives can impede the employment of energy efficient technologies, as the firms that 

invest in the technologies have little incentive to do so. Split incentives can result from 

contract structures, where carriers can pass their fuel costs directly to shippers, ownership 

patterns for trucks and trailers, lack of information and transaction costs.   

 

                                                 
33 The Samgods model distinguishes between five different truck sizes  
34 The model results were calculated with a test version from September 2001; detailed results concerning shifts 
between vehicle types within the modes are thought not stable yet. 
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If fuel savings are realized, second order and rebound effects can appear. Usually the 

improvement of the trucks’ fuel efficiency implies lower unit costs per tonne kilometre, which 

in turn leads to lower road transports prices. The lower road transport rates (can) stimulate the 

demand for road transports, which raises the CO2-emission.  

 

CO2 emissions from freight transport can be reduced by shifts from road to less CO2-intense 

modes. The full internalisation of the social marginal costs would probably lead to modal 

shifts. But one has to be aware that shippers minimize their total costs and take into account 

quality aspects above the transports costs when choosing transport solutions.  

There are obstacles for the increase of the share of non-fossil energies in form of access to 

raw material including distribution, production plants, infrastructure for vehicles that can use 

the alternative fuels etc.  

 

The increase in tonne kilometres was caused by the increase in transport distance. Economic 

measures would need substantial penalties to break this global trend and to return to more 

decentralized production and ware house systems with lower transport demand and CO2 

emissions.  

 

A better understanding of the impacts of different policy measures to reduce the CO2 

emissions from road freight transport is required in order to understand why the CO2 

emissions increase despite increased fuel prices.  

 

More in depth knowledge about the barriers for the adoption of fuel saving technologies and 

the rebound effect that cancels out the effect of energy efficiency measures is desirable. A 

better understanding of the implications of the lack of thresholds and other model 

simplifications in the Swedish Samgods model is also needed and an analysis of what is 

required to better mirror the contracts that we observe in reality.  
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9 Annex  

 

Source: Energimyndigheten 

 

Figure 1 Development of diesel price (in fixed prices) and GDP (in fixed prices), Index 

(1990=100)  

 

 

Source:Energimyndigheten 

 

Figure 2 Development of diesel price excluding taxes (in fixed prices) and diesel tax (in 

fixed prices), Index (1990=100)  
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Freight transport, policy instruments and the climate 

Svante Mandell, Jan-Eric Nilsson and Inge Vierth 

 

 

Abstract 

Freight transport is increasing, both on a local and a global level. As a result, greenhouse gas 

emissions from freight services increase. Focusing at the EU and Sweden in particular, this is 

somewhat puzzling as policies towards greenhouse gas emissions have gradually become stricter. Two 

complementary explanations are plausible; (i) the policy instruments do not work and/or (ii) without 

policy instruments the transport increase would have been even larger. This paper addresses the first of 

these by analyzing potential reasons that may hinder the policy instruments’ impact. These include 

market power, asymmetric information, split incentives and public goods. We discuss how each of 

these operates in the framework of freight transportation. The general conclusion is that, even though 

some of these market failures certainly exist, there is little reason to believe that they will provide 

major limitations for the operation of economic instruments geared toward greenhouse gas emissions 

other than in the short run. The limitations we do identify are highly linked to unobservable 

information, likely to be reduced – but probably not eliminated – as information technologies develop 

such that more information becomes observable and verifiable to all relevant parties. 

 

 

Key words: Freight transport, climate, greenhouse gas, policy instruments 
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1 Introduction 

The freight transportation market, i.e., the purchase and sale of transport services, is growing 

rapidly, both in Sweden – which serves as a backdrop for this paper - the rest of Europe as 

well as the wider world. This applies to all modes of transport. In addition to a general 

economic growth, this is directly related to the increase of international trade. Production 

specialization, combined with economies of scale in the production of goods adds to the 

growth. Increased transport volumes will, ceteris paribus, lead to increased demand for energy 

in the form of fossil fuels, biofuels, and electricity and to more greenhouse gas emissions. To 

counter thus, more stringent policy measures geared towards energy use and greenhouse gas 

emissions has been implemented. Against this background, this paper addresses whether 

shippers, intermediaries and buyers of freight transport services adapt their fuel usage – both 

in terms of volume and type – in a way consistent with economic efficiency? That is, will they 

respond to fuel price fluctuations, possibly influenced by changes in policy, in a predicted 

way, and if not, why? 

Two observations highlight the relevance of these questions. First, freight markets, at least in 

Europe, are to a large extent deregulated. In functional markets, buyers and sellers are 

informed about the costs and the scarcity of goods and services through the price system. 

They will react to changes in costs of various inputs in the production chain which establishes 

a socially optimal resource allocation without any public intervention being required. In the 

transport sector, this would for instance imply that fuel price changes influence demand for 

transportation per se as well as demand for vehicles in terms of their specific fuel 

consumption. 

Second, the rather substantial economic policy instruments geared towards the transport 

sector – in particular in the form of taxes on fuel – implemented in Sweden and other 

countries over a series of years have, arguably, had limited visible impact on the amount of 

transportation.  

Thus, we observe something of a puzzle: Markets have been deregulated and should be 

expected to have responded to increasing fuel prices by way of buying less transport. But 

quite to the contrary, we observe a rather dramatic increase in transportation. Perhaps even 

more puzzling, a major share of the increase appears on road transport which is highly 

dependent on fossil fuel, which is also the fuel types being most heavily taxed. 
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An immediate suspicion given this observation is that either (i) there are some market failures 

at work hindering the market from responding as suggested by theory, (ii) the market has 

actually responded in the anticipated way, but the result is not observable since other things 

are occurring on the market simultaneously or (iii) a combination of these two. This paper is 

mainly focusing on (i), trying to isolate a series of market failures that may exist in the freight 

transport market. The primary candidates include the following; information asymmetries 

between the agents on the market, market power at least in some segments of the transport 

sector, knowledge, e.g., regarding how to enhance transportation’s energy efficiency being a 

public good, and externalities other than those related to greenhouse gas emissions.Focus is 

on roads and railways, ignoring both the maritime and the aviation sectors. Most of the 

discussion applies to freight transportation in general, although the Swedish market is used as 

a backdrop. In particular, the freight transport market exhibits the following characteristics: 

 Transportation’s cost’s share of trade value varies: In particular, the transport of high 

value goods has a different cost structure than shipments of low value and bulk goods, 

(SIKA, 2007). 

 There are structural differences between goods that must be delivered within a 

specified time (e.g. fruit and vegetables) or at a specific time (c.f. just in time delivery 

strategies) and goods where the time of delivery is less important. 

 Shipments can be made on the shipper’s own behalf or by using carriers. Third party 

logistics are of great importance in many cases. 

 The contracts for the (privately) purchased or (publicly) procured transportation can be 

designed in various ways. For instance, some contain environmental standards (EURO 

classes, etc.), while others do not. Contract arrangements and compensation models 

differ also between shippers, forwarders and carriers. 

 Some parts of the transport sector are highly competitive while other parts exhibit 

large degrees of concentration. In Sweden, there are about 14,000 trucking companies 

on the market for road haulage (SIKA, 2009) while there are only some 15 operators 

in the market for rail freight of which the largest operator has a market share of 70% 

(Vierth, 2012). Similarly, the degree of competition varies also on the freight 

forwarder and carrier-level. 

 For short-distance local and regional transports, trucks dominate and modal 

competition is less than in the long-distance transport market. 
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 The proportion of foreign operators varies between sub-markets and increases over 

time. This means that competition considerations must be taken into account when 

considering measures that only impact companies registered within the country. 

Thus, the freight transportation market is highly heterogeneous. Most likely, the 

characteristics of the market influence the market’s responses to policy instruments. This is 

also the starting point for this report: Markets typically do respond to policy instruments, but 

the fact that the freight market exhibits a series of specific characteristics could mean that it 

reacts to policy changes in other ways than other types of markets do. 

The paper is structured as follows: Section 2 discusses the land freight sector’s energy use and 

greenhouse gas emissions together with policies geared towards CO2. Section 3 addresses 

other market failures might exist on the freight transport market that may hinder CO2-policies 

to work as intended. Section 4 concludes. 

2 Energy use, CO2 emissions and policy in the land freight sector 

Table 1 illustrates freight transport levels, energy use, and emissions of CO2 equivalents in 

Sweden over the 2003 to 2010 period. With the exception of the recession year 2009, the total 

freight transportation has increased continuously. However, the share of the different modes 

remains relatively constant over the period. 

It is difficult to correctly calculate the energy use and emissions from the freight transport 

sector. In particular as it involves determining what share of total transportation that relates to 

goods. Thus, some care should be taken when interpreting the figures in Table 1. Even so, the 

values point towards stable energy consumption for freight transports between 20 - 21 TWh 

per year for the period 2005-2010. Most of it, around 19 TWh, is used for road haulage 

purposes. Overall, energy consumption for freight is about a third of the energy consumption 

for passenger transports. This relationship too is relatively constant during the period in 

question. 
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Table 1: Transport volumes (billion ton-km), energy (TWh) and CO2e emissions (million to) for land based 

freight transport (CO2e Rail refers to all rail, not only freight) between 2003 and 2010.  

 2003 2004 2005 2006 2007 2008 2009 2010 

Transport volume         

Road (billion ton-km) 36.6 36.9 38.6 39.9 40.5 42.4 35 36.3 

Market share (%) 40 40 39 40 40 41 39 37 

Rail (billion ton-km) 20.2 20.9 21.7 22.3 23.3 22.9 20.4 23.5 

Market share (%) 22 22 22 23 23 22 23 24 

Energy use         

Road (TWh)  17 18 19 19 19 20 18 19 

Rail (TWh) 0.933 0.917 0.967 1.026 1.028 1.142 0.901 0.887 

CO2e         

Road (million Ton) 6.22 6.64 7 7.06 7.06 7 6.57 6.95 

Rail (total, million Ton) 0.08 0.07 0.07 0.08 0.07 0.08 0.07 0.07 

Source: Energimyndigheten (2012), SEPA (2013). 

When it comes to greenhouse gas emissions, which here is almost exclusively CO2, the 

pattern is similar to that of energy use. There has been a steady growth up until the financial 

crisis that resulted in a decrease in emissions 2009. That the emissions increased between 

2009 and 2010 may indicate that it indeed was a business cycle effect that caused the decrease 

in 2009. Note that the number for rail’s emissions captures both passenger and freight traffic. 

Even so, it is far lower than that of freight transport on roads. 

Both EU and Sweden has a quantitative target for CO2 emissions1. The main policy task is 

therefore to design instruments such that this target is met at lowest possible cost, i.e., to 

achieve cost effectiveness. This could in principle be accomplished by implementing a set of 

administrative instruments. As always with administrative means, this would require access to 

vast amounts of information in order to make the appropriate tradeoff, i.e. to balance emission 

costs against other types of costs for implementing an optimal policy. 

Two observations suggest that a fairly simple pricing system will be able to manage 

greenhouse gas emissions. First, there is currently no economically viable way to "clean" CO2 

emissions. Thus, information about the type and amount of fossil fuel consumed it is 

straightforward to calculate emission volumes. Second, the impact on global warming is 

                                                 
1 This does not imply that these targets must be met within the borders of EU or Sweden. There are mechanisms, 

e.g., the clean development mechanism (CDM), designed to allow some of the emission reductions to occur in 

other places, e.g., in developing countries where reductions are cheaper. 
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independent of the source from which emissions occur. In the shorter term, it also makes little 

difference when or where emissions occur. This simplifies the design of policy instruments 

significantly. 

This means that a tax on fuels based on their carbon content is an easy way to internalize the 

social costs associated with CO2 emissions. Such a tax is also desirable from a cost 

perspective. A condition for cost-effectiveness in this given situation is namely that the 

marginal cost of abatement must be equal for all emitters. A general and uniform tax per unit 

of emissions implies that all emitters will reduce emissions up to the level where their 

marginal abatement cost equals the tax. A (uniform) emission tax will therefore lead to a cost-

effective allocation of burdens to reach the given emissions targets. Similarly, a system of 

emissions trading will result in a price on emissions and each emitter will reduce their 

emissions so that their marginal abatement cost equals this price. Again, a cost-effective 

outcome. 

Economic instruments are particularly useful when there is asymmetric information, e.g., 

regarding the available technology, between those to be regulated (e.g. firms) and those 

having the right to impose a regulation (e.g. the government). This follows mainly from the 

economic instruments’ ability to decentralize decision-making, such as how to change the 

production process, to the agents who are best equipped to make such decisions. The 

conclusion is that economic instruments are superior to administrative regulations in 

regulating CO2 emissions.  

Since it is the emission which causes the damage, the tax should as far as possible be linked to 

the extent of harmful emissions. As CO2 emissions are directly linked to fossil fuel 

consumption, it is easy to calculate the emission volumes via the amount of fuel used, for 

instance knowing that the use of one liter of diesel emits approximately 2.5 kg of CO2. 

Therefore, managing CO2 emissions through a tax on fuel is better than, say, through a 

kilometer or vehicle tax since neither links directly to the source of the externality. 

Consequently, it is hard to justify the use of further instruments than a CO2 tax equal for all 

emitters, or a system of emissions trading, where all emitters participate. With this in mind, it 

is interesting to study the flora of instruments implemented in, for example, Sweden 

(Mandell, 2009). A first observation is that we have neither a comprehensive emissions tax 

nor a comprehensive system for emissions trading. Instead, we have a bit of both in the form 

of an emissions trading scheme, covering the energy-intensive industry, and CO2-taxes 
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basically covering the remaining economy, including transports. On top of these, the Swedish 

policy mix includes a number of additional instruments motivated by climate concerns. 

Looking at instruments (partly) aimed at the transport sector there are programs used to 

subsidize bike paths and biogas plants, a green car premium that subsidizes certain cars, 

differentiated vehicle taxes that is lower for cars with lower CO2 emissions, etc. 

As total emissions are set by international agreements, such additional instruments do not 

contribute to a reduced carbon footprint. Nor will such instruments reduce the costs associated 

with reaching target levels. Rather, the opposite applies. Additional instruments, targeting a 

specific sector such as transport, create differences in the marginal cost of emissions 

reductions between sectors. This implies that the total costs increase, while total emissions 

remain unaffected. 

3. The combination of externalities, market power and asymmetric information 

We have established that a tax on fuel in relation to its carbon content is an easy way to 

internalize the social costs associated with CO2 emissions. An obvious concern is to 

determine the appropriate tax level. This is not a trivial task, (Mandell, 2011, Angelov et.al., 

2010 or Carlén and Mandell, 2012), partly since it is a subset of the larger issue of appropriate 

taxation of the heavy traffic discussed above. Here, to highlight consequences of other 

(potential) market imperfections, e.g., market power and asymmetric information, we adopt a 

bold assumption: The correct value of the social costs associated with an additional unit of 

CO2 being emitted, as well as all other societal costs generated by freight transport is known. 

This allows us to address the following question: If fuel prices reflect all social costs, are there 

reasons to believe that the industry would make a socially optimal use of freight transport? If 

the answer is affirmative, energy use and consequently also greenhouse gas emissions would 

also be at the level which is optimal from a social standpoint. If this is not the case, there must 

be some other market failure(s) involved. Here, we focus our main attention on market 

failures due to information asymmetries (section 3.1 and 3.2). We also address consequences 

of market power (section 3.3), and public goods (3.4). 

3.1 Asymmetric information and contracts 

Freight transport typically involves several parties contracting with each other. The simplest 

case involves a transport buyer (sender) wanting to send goods to a customer (receiver) who 
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signs a contract with a service provider, i.e.; a trucking company, a train operator or a 

shipping company.  

For simplicity, consider a case where the service provider is a one-man trucking company. 

This hauler can affect his fuel consumption, and thus the greenhouse gas emissions, e.g., by 

adjusting driving style. There are also a series of other factors affecting fuel consumption but 

which are beyond the hauler’s control, e.g., weather, congestion, etc. Even if the hauler is 

doing his best to keep down fuel consumption, it may be high due to external circumstances. 

The hauler has knowledge of both his driving technique and the conditions, but the client does 

not. A contract between the parties must account for this information asymmetry. 

To illustrate this, we use a simple hidden action model. Let z denote fuel consumption, which 

is assumed to be observable to all parties. There is a ‘start value’ of fuel consumption, F, for a 

given transport. The actual consumption is affected by two variables; the effort of the hauler 

(e) and exogenous random events (x), such that z =F – e + x. The expected value of x is zero. 

Thus, E{z} = F – e and var(z) = var(x). Both e and x are unobservable for the transport buyer, 

and thus infeasible to contract upon. Rather, the contract must be based on z.  We restrict our 

attention to contracts where the payment (w) is linear in outcome; w = α + β z = 

α + β (F - e + x). The contract thus specifies α and β, where α is a fixed payment (independent 

of z) and β is a variable part. The value of the transport service to the transport buyer is 

denoted V(z). Thus, we allow for the fuel consumption to influence the value of the transport 

service. However, our base case assumes this not to be the case, i.e., that V´(e) equals zero 

which in real life would seem to be the typical case. The expected pay-off, πB, to the transport 

buyer becomes: 

E{πB} = E{V(e) - w} = V(e) - α – β (F- e)   (1) 

The hauler faces a cost of effort, C(e), where both C´(e) and C´´(e) are strictly positive, i.e., 

the costs of effort increases at an increasing rate. The hauler may be risk averse, which then is 

captured by a strictly positive risk coefficient, r. There is a strictly positive fuel price, denoted 

p. The hauler is responsible for purchasing the fuel. The hauler´s expected pay-off, πH, is 

given by: 

E{πH} = E{w} - .5r var(w) - C(e) – p (F – e) =     

 +  (F – e) - .5 r ( – p) 2  var(x) - C(e) – p (F – e)  (2) 
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The transport buyer´s problem is to design a contract that maximizes her expected pay-off and 

that is accepted by the hauler. To examine this, we start by deriving the hauler´s optimal 

response to a given contract by differentiating πH with respect to e. From this, we conclude 

that the hauler´s optimal effort level must fulfill β = p – C´(e). As C´´(e) is assumed strictly 

positive, the hauler´s effort will decrease in β. The hauler’s effort is not influenced by the 

fixed payment, α, so β may be used to maximize the total expected value of the contract and α 

to distribute this value between the buyer and the hauler. The expected total value of the 

contract, E{πTOT}, is given by    

E{πTOT} = E{πB} + E{πH} = V(e) - .5 r ( – p) 2 var(x) - C(e) – p (F – e) (3) 

Where the transfer between the parties cancels out. Substituting for the hauler´s optimal 

effort, and maximizing E{πTOT} with respect to e yields the following first order condition: 

V´(e) - r C´(e) var(x) C´´(e) – C´(e) + p = 0   (4) 

Finally, substituting for β = p – C´(e) and solving for β  yields an expression for the optimal 

level of the variable part of the contract: 

𝛽∗ =
−𝑉´(𝑒)+𝑝𝑟 var(𝑥)𝐶´´(𝑒)

1+𝑟 var(𝑥)𝐶´´(𝑒)
    (5) 

Equation (5) is akin to a standard result, often referred to as the incentive intensity principle. 

It shows the strength of the optimal incentive to put on an agent – the hauler in this case. As 

noted, in our base case the value of the transportation service as such is independent of the 

fuel consumption. That is V´(e) equals zero. Equation (5) shows that in a situation where there 

are no exogenous circumstances that may influence the fuel consumption, i.e., var(x) = 0, 

and/or the hauler is risk neutral, i.e., r = 0, the optimal value of β is zero. That is, the optimal 

contract specifies a fixed payment only – the payment should not depend on the fuel 

consumption at all. This seems intuitively correct. A fixed payment implies that all gains from 

decreasing fuel consumption remains with the hauler thus providing the strongest possible 

incentives for the hauler to keep fuel consumption at an efficient level That is, balancing fuel 

costs against the costs associated with reducing fuel consumption. 

However, if there are risks involved, var(x) > 0, and the hauler is risk averse, r > 0, the 

optimal β will be strictly positive. This follows from that a fixed price contract puts all risk on 

the hauler. As the hauler is risk averse she will demand compensation for this. There is thus a 
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trade-off between providing incentives and limiting risk exposure – the optimal trade-off will 

be the result of applying (5). 

It is also worth noting that β* increases in the fuel price, p. A higher fuel price will magnify 

the risk exposure of the hauler. Consequently, it will be optimal to reduce risk-exposure on 

the expense of providing incentives when fuel prices increase. Furthermore, β* increases in 

C´´(e), which measures how rapidly the marginal costs are growing in effort. If C´´(e) is large, 

further effort of the hauler are very costly which implies it being costly to provide stronger 

incentives. To some extent C´´(e) captures the hauler´s ability to influence the outcome. When 

C´´(e) is large, this ability is less (or costly). It is then reasonable that the β* increases, thus 

providing less incentives. 

Finally, let us relax the assumption of V´(e) = 0. Even though it seems reasonable that in most 

situations the value of the transport service per se should not depend on the fuel consumption, 

there may exist situations where it would. For instance, consider a setting where the hauler 

reduces fuel consumption by reducing speed. In such a case, lower fuel consumption may 

result in a reduced transport value, i.e., V´(e) < 0. From (5) we may conclude that this will, 

ceteris paribus, increase β*. This makes sense as it will provide less incentives for the hauler 

to take effort and, thus, the fuel reductions will be less. 

In this case there is a trade-off between three matters; incentives for fuel reductions, risk-

exposure and the impact on transport service value. As seen from (5) that optimal way to 

handle this trade-off depends on a series of characteristics including the fuel price. To make 

matters worse, fuel prices may fluctuate over time. These fluctuations are often handled 

through including fuel clauses in the contracts. 

3.2 Impacts of a fuel clause 

The parties face a problem that involves trading off activities that may reduce fuel 

consumption against other activities that may affect profit. The former will have low priority 

if it is associated with small potential gains. Higher fuel prices will, all things being equal, 

result in a relative shift of focus to fuel consumption. At least in the short term, a 

counteracting effect is that contracts often contain a fuel clause allowing increased fuel costs 

to be directly passed on to the customer. Such clauses normally imply that the part of the 

transport costs stemming from fuel consumption is adjusted according to an index. This 

allows long contracts to be written even if fuel prices fluctuate over time as the hauler does 
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not need to guard himself against the uncertainty regarding future fuel price. Here is an 

obvious parallel to the problem discussed above. Fluctuating fuel prices exposes the hauler to 

risk. The hauler may accept this but, at least when she is risk averse, she will require 

compensation. Risk exposure is thus costly and consequently if a fuel clause could reduce risk 

it may also reduce total costs associated with the contract. 

However, depending on its design, the clause may also hamper the incentives to reduce fuel 

consumption that otherwise would result from an increase in prices. That is, the profit 

maximizing trade-off between activities will not be affected by a fuel price change as long as 

this change is shifted to other agents through the fuel clause. 

Figure 1 illustrates the point in the form of a simple isocost/isoquant-diagram. The figure 

includes two inputs; fuel and other, where other may be wages that depend on the time it takes 

to fulfill the transport assignment. The isoquant (the convex line) denotes a given amount of 

transportation to be carried out by a hauler. The straight lines (A, B and C) are isocosts each 

tying together all combinations of inputs that yield the same total cost for the hauler. Thus, 

both the isoquant and the isocosts illustrate trade-offs, but in different dimensions. Let isocost 

A be given by the initial prices per unit of fuel and other inputs. The cost minimizing 

combinations, given these prices, are given by QF
1 and QO

1 for fuel and other inputs 

respectively. At this combination the isocost is a tangent to the isoquant. 

 

Figure 1, Consequences of a fuel price change 

Other input, e.g, time 

Fuel 

QF
1 

QF
2 
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1 QO

2 

A B C 
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Now, assume that an increased fuel tax raises the fuel price. This implies a less steep isocost 

to emerge, denoted B in Figure 1. A parallel shift of B up to a point where it tangents the 

isoquant results in a new relevant isocost, denoted C. Given the new prices, C is thus the 

lowest isocost at which it is possible to produce the given amount of transportation. The new 

optimal combination of inputs is now given by QF
2 and QO

2. From Figure 1 it is easily seen 

that the increased fuel tax leads to the hauler substituting away from fuel and towards more of 

other inputs, e.g., time. Thus, the hauler chooses to drive slower – thus consuming less fuel 

but more time – to fulfill the transport assignment. However, if the fuel clause is written so 

that the hauler is fully shielded towards fuel price changes the slope of the isocost will remain 

unchanged after the tax increase and the optimal combination will still be QF
1 and QO

1. The 

entire extra fuel cost will be shifted to the transport buyer.  

Thus, the contract may create a ‘filter’ between policy instruments, e.g., fuel taxes, and agents 

that otherwise would react on the instruments. A result of this would be that the response from 

changes in policy is lower than anticipated or desired. Thus, a policy change, say an increased 

fuel tax, may increase the cost of agents whose behavior is not intended or even possible to 

change. However, when the contract is renegotiated it seems reasonable that it is rewritten in 

accordance with the new cost structure. That is, the possible ‘filtering’ process inherent in the 

contracts may cause the transport market to react slower than otherwise would be the case, but 

it seems likely that this is a short-run effect only. 

There are several different ways to design a fuel clause. A design often used in Sweden does 

not rely on actual fuel consumption – probably due to it being unobservable for the transport 

buyer and, thus, not feasible to contract upon. Rather, it relies on typical consumption for a 

given type of transportation. The contract specifies a total cost for the transport service and a 

specific share of this that is (said to be) due to fuel costs. This share is then tied to an index. 

This seemingly minor change from using actual fuel consumption has major impact on the 

outcome. As the actual fuel consumption is paid by the hauler, he still faces full incentives to 

adapt to an increased fuel tax. Returning to Figure 1, the hauler will decrease his fuel 

consumption from QF
1 to QF

2 as a consequence of a tax increase. The fuel clause will 

compensate him for the increased fuel price. As the fuel share given by the contract remains 

intact while the actual fuel consumption has decreased – the compensation may even exceed 

the increased fuel costs. 
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3.3 Split incentives 

In a situation where both the transport buyer and the hauler may take actions that influence 

the fuel consumption it may not be possible to achieve an efficient outcome by the means of 

contracting. The reason for this is due to that (i) some of the benefits from actions taken by 

one party will accrue to the other agent and (ii) asymmetric information renders it infeasible 

to contract on actions directly. This problem, sometimes referred to as split incentives, is often 

illustrated by the relationship between a landlord and tenant in a rental property. Both of these 

may affect energy consumption in the apartment, but in different ways. The landlord is 

responsible for insulation, windows, etc. The tenant chooses which devices to purchase - TVs, 

lamps, etc. - and if she turns off the lights when she leaves the room, etc. The question is how 

incentives can be created so that both agents make efficient choices when constructing, 

running and using the property. 

We illustrate this with a simplified version of the model above. We still consider a given 

transport service that yields a fixed value to the buyer of V and assume that the fuel 

consumption is known by both parties. However, for simplicity, we ignore the risk aspect by 

letting the fuel consumption only to be affected by the actions of the transport buyer and the 

hauler. This allows a more general specification under which the fuel consumption is given by 

z(e,b), where e denotes efforts taken by the hauler and b efforts taken by the buyer. For both 

parties, higher levels of action results in lower fuel consumption, i.e., z(e,b)/e < 0 and 

z(e,b) /b < 0. Actions are costly. We still denote the hauler’s cost of action C(e), where C(0) 

= 0 and both C´(e) and C´´(e) are strictly positive, i.e., the costs of effort increases at an 

increasing rate. Similarly, the buyer’s costs of action is denoted K(b), where K(0) = 0, K´(b) > 

0 and K´´(b) > 0.  

To establish the efficient outcome, consider an integrated case where the buyer and hauler act 

as one agent. The pay-off for the integrated agent, πI, is given by 

πI = V – C(e) – K(b) – p z(e,b)    (6) 

From this we may derive the following first order conditions: 

𝐶´(𝑒) = −𝑝
𝜕𝑧(𝑒,𝑏)

𝜕𝑒
     (7) 

𝐾´(𝑏) = −𝑝
𝜕𝑧(𝑒,𝑏)

𝜕𝑏
     (8) 
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Neither of these is surprising. Each action, e and b, should be taken up to a level where the 

marginal cost of the action equals the value of the resulting decrease in fuel consumption. 

We now turn to the case where the transport buyer and the hauler are separate entities and 

their relationship is regulated through a contract. As above, the payment is linear in outcome, 

w = α + β z(e,b), and the hauler is the party who pays for the fuel. The hauler’s pay-off, πH, is 

πH  = α + β z(e,b) – C(e) – p z(e,b)    (9) 

The transport buyer’s pay-off, πB, becomes 

πB = V – K(b) – α – β z(e,b)    

 (10) 

Resulting in a first order condition for the hauler given by 

𝐶´(𝑒) = −(𝑝 − 𝛽)
𝜕𝑧(𝑒,𝑏)

𝜕𝑒
     (11) 

Correspondingly, the first order condition for the transport buyer is 

𝐾´(𝑏) = −𝛽
𝜕𝑧(𝑒,𝑏)

𝜕𝑏
     (12) 

From comparing (11) to (6) and (12) to (8) it is easily seen that, given the assumptions made, 

the efficient outcome – achieved in the integrated case, i.e., through (7) and (8) – is not 

achievable in the contract case. By setting the variable part of the contract, β, to zero, such 

that the hauler receives a lump sum for carrying out the transport service, results in the hauler 

taking optimal actions (since then the hauler’s first order condition under the contract 

coincides with that in the integrated first bets case). However, when β equals zero, the 

transport buyer faces no incentives to take action, as seen from (12). Rather, to induce the 

efficient action level of the transport buyer would require a β equal to the fuel price. As β 

obviously cannot equal zero and a strictly positive p simultaneously, the efficient outcome 

will not be achievable under a contract. 

The best they can do is to write a contract that divides the cost of fuel, so that both face 

sufficient incentive to take action. This contract results in that at least one of them faces 

weaker incentives than if she was responsible for the entire fuel cost. The case is however not 

as clear-cut as the tenant/landlord-case. For instance, consider a contract under which the 

hauler carries the full fuel cost. The seller still faces incentives to streamline packaging etc. 
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since this reduces transportation costs. The incentives however is arguably weaker than if the 

seller also bears (parts of) the fuel cost. Thus, it seems to be situations which, at least in part, 

are characterized by a split incentives problem. 

3.5 Impacts from information technology 

When information is asymmetrically distributed, it is difficult or impossible to write efficient 

contracts. The rapid development of information technology may partly reduce the problems 

as some information which formerly was unobservable and/or unverifiable becomes available 

and possible to contract upon. 

Baker and Hubbard (2003) study how the introduction of on-board computers in trucks 

affected the freight transport market in the USA during the 90's. They formulate two 

hypotheses. If technology makes it easier to observe the driver's actual behavior, this should, 

first, lead to more companies manage their shipments by hiring their own drivers. The reason 

is that the improved information makes it easier to monitor their driving.  

If technology also makes it easier to coordinate shipments so that the trucks are used more 

efficiently it should, secondly, involve hiring transport to a greater extent because it increases 

the possibility of utilizing the better coordination. 

The hypotheses work in different directions – the first argues for a larger degree of in-house 

transportation while the second argues for less. However, the authors use the fact that there 

were different technologies implemented during this time. One that only recorded behavior 

(thus solving the first problem) and one that communicated in real-time (thus also solving the 

second problem). By studying how the market behaves under when these different 

technologies are introduced the authors find empirical support for both hypotheses. Thus, 

there is clear evidence that the market structure is changing as the technology develops. This, 

in turn, suggests that asymmetric information may cause less problems the more advanced 

information technology is being adopted in the transport sector.  

3.6 Other externalities 

The presence of negative externalities may result in that a market is not able to establish an 

allocation of resources which from a societal point of view is optimal. The general idea is to 

use policy instruments to ‘internalize’ the externalities, so that the market – given the 

instruments – will change behavior such that (an outcome at least closer to) the efficient 
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outcome will emerge. The ratio between the level of the policy instrument and the event's 

marginal social cost - the so-called internalization rate – provides a measure of the extent 

internalization. A ratio less than one indicate that level of the tax or fee is not high enough to 

fully internalize the societal costs of the effect in question. The opposite applies for ratios 

greater than one. 

Calculations of the rate of internalization require a series of steps. For instance, the vehicles’ 

fuel consumption has to be known in order to convert externalities per fuel unit to distance 

unit. As some of these steps by necessity rely on simplifications and assumptions the outcome 

is attached with some uncertainty.  

Typical values for the Swedish case indicate that externalities for personal cars are close to 

being fully internalized. For traffic on major roads, both rural and urban, passenger cars 

exhibit an internalization rate of 0.86. The corresponding values for trucks are far less, 

typically ranging from 0.4 to 0.6. Thus, the present policy instruments in Sweden do not 

manage to fully account for that the heavy traffic cause larger negative externalities than 

passenger cars. Rather, the charges levied on heavy road traffic should increase by a factor 

two, Trafikanalys (2012a) 

The corresponding exercise for railway yields similar results. Passenger trains exhibit a larger 

degree of internalization than freight transport. However, in both cases there seems to be a 

need of increasing the charges as neither passenger nor freight trains are close to full 

internalization exhibiting internalization rates of 0.64 and 0.29 respectively, Trafikanalys 

(2012b). The exact values are of less interest as they rely on less than perfect data. However, 

that they are both below one, and much more so for freight is an interesting observation. The 

main driver behind the large difference seems to be that, even though the charges are 

differentiated with respect to weight, they do not fully account for the substantial difference in 

wear on the infrastructure. 

The main message from this is that heavy traffic on both road and rail, on average, faces too 

weak policy instruments as compared to the societal costs they cause. Consequently, the 

freight volumes are higher than would be the case if these costs were fully internalized. As a 

result, energy consumption and greenhouse gas emissions are also inefficiently large even if 

these were, in isolation, handled by correctly calibrated policy instruments. 
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However, one should remember that this applies to average values that can vary greatly 

according to road type, urban environment, etc. For instance, the internalization rate for heavy 

road transport is much higher for long distance journeys than for local transport in the cities 

(Kågeson, 2011). The impact from increasing the internalization rate on energy consumption 

or greenhouse gases depend on, e.g., how price sensitive the final customers are, and on what 

opportunities are available to change behavior. The overall conclusion, however, is clear: An 

efficient use of the infrastructure requires significantly increasing the charges for freight 

transports and further differentiation of charges with respect to distance, weight and 

geography. 

3.4 Market power 

We now turn briefly to consequences of implementing emissions regulating policies when there 

is market power. To illustrate this, we employ a simple textbook example. To maximize profits, 

the quantity should be such that the revenue from an additional unit equals the cost of producing 

that unit, i.e., marginal revenue (MI) equals marginal cost (MC). For a monopolist, this 

corresponds to producing quantity qm and a price per unit Pm as illustrated in Figure 2. However, 

the efficient outcome would be q*, where demand equals supply. Thus, market power causes 

an efficiency loss. 

 

Figure 2, a monopolist’s quantity choice (qm) and resulting prices (Pm) as compared to the social 

optimal quantity (q*). 

If production creates a negative externality, the firm’s marginal cost (MC) will be lower than 

the social marginal cost (SMC), see Figure 3. The socially optimal quantity is then qs* (where 

SMC equals demand). The policy maker may impose a tax equal to the monetary damage 

qm 

Pm MC 

MI 

E 
q 

P 

q* 

VTI notat 28-2014 85



under which the monopolist's cost also will include the costs the emissions cause the society, 

i.e. the effects are internalized. As seen from Figure 3, the profit-maximizing quantity is then 

given by q’m, where MI is equal to the SMC. 

 

Figure 3, the monopolistic solution given a tax equal to the negative externality.   

An emissions tax equal to the damage caused thus makes the monopolist take the (formerly) 

external effect into account. The tax achieves what seems desirable, i.e., to reduce output and 

thus the damaging externality. But since the monopolist already held back its production, the 

tax makes the outcome even worse as the quantity produced (q’m) is even smaller than the 

optimal one (qS*). This is a classic example of that, when there are more than one market 

failures, the outcome is not necessarily better if only one is handled. To the extent that (parts 

of) the freight market is characterized by market power, the above situation may occur.  

A more general observation is related to the monopolist's response to a policy instrument. 

Assume temporarily that MC in Figures 2 and 3 represents the aggregate supply function of a 

transport market under perfect competition. Introducing a tax which shifts the firms’ 

aggregate supply function to SMC would reduce the total quantity from q* to qs*. This is a 

larger reduction than in the monopolistic case (from qm to q’m). As Figure 3 is drawn, the 

monopolists response is only half that of a perfectly competitive market. A low response to, 

for example, a CO2 tax from the transport sector could, other things being equal, therefore, be 

a consequence of inadequate competition in the sector. 

A factor that may further enhance these effects is if the industry involves a chain of actors, 

where each has market power. As noted, the efficiency loss follows from that the price is set 

above marginal cost. To the extent that goods and services are inputs into the production of 
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other goods and services, this can result in a chain where players downstream impose a price 

mark-up on marginal cost which in themselves contain additional cost from upstream players 

in the production chain. In the transport sector, such a situation can occur if there is a lack of 

competition on both the freight forwarder and transporter levels. 

A paradoxical conclusion is that there may be reason to question the use of taxes to address 

externalities in a market where a commercial company has market power. The more practical 

question is how large the problem of market power really is. As noted, the freight transport 

market is highly heterogeneous in respect to market concentration in different sectors. Thus, 

the problems discussed here may exist in some parts of the market but in general they are 

probably less prominent. 

3.5 Public goods 

Freight transport is in itself not a public good. However, knowledge about how the parties in 

the freight transportation market may reduce greenhouse gases and energy consumption is. 

That is, this knowledge is essentially a good where one agent’s consumption does not exclude 

other parties’ simultaneous consumption. When individual agents assess how much they 

should invest in acquiring new knowledge, they weigh the cost of the investment to its 

potential gains. The benefits of others from this knowledge is not (automatically) taken into 

account and thus the chosen investment will– from a social welfare perspective - be too low. 

Increasing the cost for CO2-emissions, e.g., through higher fuel taxes, will strengthen the 

incentives for investing in better knowledge on how one may reduce these emissions. It will 

however not solve problems related to the public goods characteristics of knowledge. This 

requires other kinds of policy instruments. In particular; measures turning the public good 

private and/or increasing the responsibility of the public sector. The typical example of the 

former would be patents. Patents basically establish a property right of the knowledge. 

Consequently, it may be sold and profits may be made. These will, partly, solve the 

underinvestment problem. This may remedy some of the problems on the freight transport 

market, but to the extent that the knowledge is of less tangible nature, e.g., new ways to 

improve eco-driving, it may be hard to patent. The latter measure involves research at 

universities etc. Research is typically financed by governments and the results are free for all. 
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Information campaigns will also play a role here. They will not solve the underinvestment 

problem, but they may spread information among market participants in a way that the market 

would not do by itself.  

 

4. Concluding remarks 

Greenhouse gas emissions and other externalities from freight transportation exhibit growing 

trend even though policies geared towards the transport sector´s emissions have gradually 

been made more stringent. One explanation for this could be that something hinders the policy 

instruments from operating properly. We argue that, if this is the case, it must be due to some 

other market failure(s) being present on the freight transportation market. 

Market power may have implications for how the freight transport market responds to 

economic incentives. However, it is difficult to characterize competition in the transport 

market in general terms as it varies greatly between submarkets. We can conclude that if there 

would be a significant element of market power this would influence the market’s response to 

changes in economic policy instruments, e.g., fuel taxes. It may even be the case that transport 

volumes would be even less than what is socio-economic optimal due to such a tax. 

Likewise, asymmetric information has an impact on how the market responds to (changes in) 

economic instruments. The design of the contracts on the market is crucial for the response in 

the short run. The contract may work as a ‘filter’ such that agents who have the ability to 

change behavior in order to reduce emissions are shielded to (parts of) prices and taxes. 

Reasonably, over time, as contracts are renegotiated, changes in policy will influence the 

design of the new contracts. A plausible conclusion is thus that information asymmetries in 

connection with long-term contracts create rigidities in the system, but they do not constitute 

any absolute obstacles. 

Consequences of, so called, split incentives on how the market adapts to economic policy 

instruments are less obvious. Economic instruments enable companies to save money by 

reducing their energy consumption and / or emissions, or otherwise limit the externalities of 

traffic. When there are split incentives problem, multiple parties may affect the volume of the 

emissions, but it is difficult to provide efficient incentives for all parties to do this. The 

consequence is that the overall reduction in emissions will be less than what would be 

efficient. 
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The rapid development of information technology may directly or indirectly influence the 

situation by facilitating access to information that formerly was unavailable. By this, it 

becomes possible to contract on measures that formerly were unobservable and/or 

unverifiable. This relaxes the problem of asymmetric information and thus reduces – but will 

probably never entirely eliminate – the negative consequences following from it. 

Related to transferring information, we noted that the market will underinvest in trying to find 

new ways to reduce emissions and energy consumption due to the public goods characteristics 

of knowledge. This problem is difficult to solve using policy instruments as fuel taxes. Rather, 

they call for patents and/or publicly funded research. Information campaigns will not solve 

the underinvestment problem, but is a remedy to the related problem of there being little 

incentives for individual agents spreading the knowledge they have. 

To sum up: We have identified a series of market failures that may hinder otherwise correctly 

set economic policy instruments from leading to an efficient outcome. These market failures 

certainly exist on the freight transport market. Some are more general, as problems with 

asymmetric information, and some probably only occurs in segments of the market, as 

problems related to market power. However, it is arguably the case that neither problem is 

large enough to have any major disturbing effect on the operation of the economic policy 

instruments, at least not in the longer run. 

Finally, let us return to the initial question stated in this paper; why are the sector’s emissions 

increasing at the same time as the policy instruments geared towards these emissions have 

gradually become stricter? This study provides three important insights. First, there is little 

reason to believe there being any major inherent problems with regulating the freight transport 

market’s greenhouse gas emissions through economic policy instruments. Second, this 

suggests that without the instruments being in place we would have seen a, potentially much, 

larger increase in the sector’s emissions. Third, the levels of the existing instruments as a 

whole, i.e., not only those targeting CO2-emissions, seems to be currently set below – and in 

cases far below – what would be efficient. Thus, even if the climate motivated policies work 

and are set at reasonable levels, the policy package as a whole is not strict enough to keep 

transportation at an efficient level. Consequently, energy consumption and CO2 emissions 

will also be inefficiently high. 
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Abstract 

The aim of this paper is to describe the relationship between transport buying 
companies and carriers, with a focus on the transport contracts in Sweden for 
land based transports. Based on the aim of this study, the following research 
questions have been defined: How can contracts be categorized? What is the 
average duration and flexibility of the transport contracts to external changes? 
and Which environmental related elements are commonly regulated in the 
contracts? Based on a literature review and interviews with people on strategic 
positions in the transport industry, we have conducted a web-survey. In addition 
to contractual agreements the survey also tried to capture the relation on 
environmental issues, as well as the experienced logistics performance over 
time. Results from the survey indicates that the suggested contract 
categorisation where not well known by the respondents, the average duration 
of contracts was 1-2 years and the majority of contracts includes a fuel clause, 
but not many environmental requirements. Further the analysis indicates that 
companies with long term contracts set environmental requirements to a larger 
extend and that there is a positive significant relation between the companies’ 
environmental work with in the transport operation and their perception of an 
improved logistics performance, both in term of quality and cost. 

 
Keywords: Third part logistics, transport contracts, environment, land based 
transports. 
 
JEL Codes: R40, R42, R48 
These can be found at:  
http://www.aeaweb.org/jel/jel_class_system.php#Y 

 
 

Centre for Transport Studies 

SE-100 44 Stockholm 
Sweden 

www.cts.kth.se 

  

             
VTI notat 28-2014 95

http://www.aeaweb.org/jel/jel_class_system.php#Y
http://www.cts.kth.se/


      

 

 

1 INTRODUCTION 

Transport is a major contributor of greenhouse gases (GHG) emissions and within the EU 
it is the single industry that has failed to carb the emission growth, except as the result of 
the recent economic recession. Reducing the environmental impact from freight 
transportation is high on the political agenda both on a national and international level, 
but also more and more on the company level. There has been a major shift in the focus 
on environmental issues to the private sector (Dyllick and Hockerts 2002). At the same 
time for companies, the focus has broadened from internal questions to issues in the 
supply chain (Carter and Rogers 2008), including transportation. Many major companies 
choose to work on environmental questions together with their suppliers - as that is how 
greater effects can be achieved. At the same time looking at studies regarding transport 
purchasing we can see mixed results regarding the role environmental criteria plays in 
the transport buying decisions. Price is still seen as the dominant factor in making mode 
and carrier choice decisions, while other factors are rather set as compulsory criteria that 
should be met to qualify as a supplier (Floden et al. 2010). Environmental criteria is 
definitely of rising interest both in understanding transport buyer decision making, but 
also for the transport buyers in  practice. 

There are a number of ways for companies to resolve their freight transport needs: they 
can own and run their own fleet of vehicles, enter into contracts with individual carriers 
or they may outsource their transports and/or transport planning to a logistic company 
(e.g. third-party logistics company, TPL). The various solutions entail different contract 
arrangements and will result in costs (and perhaps particularly unexpected changes in 
costs) which, to various degrees, are borne by the actors. In particular, different contracts 
will differ in the incentives they provide and the risk exposure.  

The aim of this paper is to describe the relationship between transport buying companies 
and carriers, with a focus on the transport contracts in Sweden for land based transports, 
i.e. we restrict our attention to road and rail transport. We strive to provide a structured 
overview of which kinds of contracts are used. The focus is on how the contracts are 
constructed with an emphasis on characteristics that may influence the risk and incentive 
structures. Key questions concern how flexible the contract is in respect to external 
changes, e.g., whether cost changes are passed on to shippers, the duration of contracts, 
the extent to which the contracts regulate environmental issues, e.g., require specific 
types of vehicles (EURO classes), etc.  

Based on the aim of this study, the following research questions have been defined: 

1. How can contracts be categorized?  
2. What is the average duration and flexibility of the transport contracts to external 

changes? 
3. Which environmental related elements are commonly regulated in the contracts? 

Apart from the literature, the underlying design of the survey1 has been created on the 
basis of a series of interviews with people on strategic positions in the transport industry. 

                                                 
1 The survey was constructed and carried through together with Fredrik Eng Larsson and Ali Pazirandeh at the 

division of engineering logistics at the Lund University of Technology. The preparation work further included 

the review of the survey with several experts in statistics, logistics, economics and surveys, i.e. Ph.D. Gunilla 

Björklund, Professor Sten Wandell, Professor Lars Hultkrantz and Ph. D. Antony Paulraj 
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In addition, we conducted two pilot studies of the survey before sending out the final 
version of the web-survey.  

The focus in the survey was on the contracts between the transport buyer and the 
transport supplier. However, we are aware of that some of the parameters that have been 
applied might be requirements that are not necessarily specified in the transport contract, 
but rather requirements to qualify as transport supplier for a certain company. Hence in 
addition to contractual agreements, we have also tried to capture  

 The relation between transport buying companies and transport service providers 
working on environmental issues.  

 Whether or not the companies with strong environmental work internally and 
externally (with transport suppliers) have experienced better performance in 
regards to logistics over time. 

The remaining paper is structured as follows. The next sections introduce some of the 
main themes of this study and provide a brief overview of the following relevant concepts: 
TPL; transport and logistics contracts; greening transport and logistics. Methodology of 
the study is introduced in the survey section, followed by an overview of the basic 
statistics from the survey, results in respect to the research questions defined earlier and 
analysis. The paper concludes with a discussion on the results and a summary of the main 
findings. 

2 DEFINITIONS OF THIRD PART LOGISTICS 

As mentioned, there are several potential ways of solving the logistics and transport 
needs. It is rather common to outsource this to specialised logistic firms. The reasons are 
mainly economical: the company may reduce its costs and focus on their core business 
(Heidbrink, 2005; Lundin and Hedberg, 2010). The majority of the transport buyers who 
participated in the survey are purchasing their transport from third party logistics 
companies (TPL): 78,7 % of the respondents had outsourced more than 75% of their 
transport operations. One definition of TPL is the following: 

"The services offered by a middleman in the logistics channel that has specialized in 
providing, by contract, for a given time period, all or a considerable number of logistics 
activities for other firms./…/ TPL consists of a long term relationship between two parties 
which regard each other as partners. The logistics solution is worked out in co-operation 
specifically for each shipper. The goal for the relationship should be to develop into strategic 
alliances with win-win for both parties." Andersson et al. (2003). 

This is a rather narrow definition and there are other definitions which are less 
restrictive, e.g. that TPL involves an external company that assists a firm with logistical 
services and the relationship between the shipper and the third party is intended to be in 
operation over a longer period. Thus, a TPL-solution entails a more strategic relationship 
between the parties rather than the shipper just purchasing a service.  However, as TPL 
companies provide a variety of services and the exact product/ service mix provided can 
differ between different customers, the services included in the contracts can range from 
simple transport to integrated solutions. 

3 TRANSPORT AND LOGISTICS CONTRACTS 
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In general, the logistic and forwarding firms do not own the means of transport. Typically, 
the TPL providers are either truck cooperatives, i.e., companies which are owned by the 
haulers for coordination and contracting, or transport agencies, i.e., large international 
companies that coordinate and contract haulers, see Lundin and Hedberg (2010). The TPL 
thus contracts a hauler for the physical transport work.  

According to Heidbrink (2005) a logistical agreement is between one agent buying a 
service from another agent who agrees on either: 

1) Contracting a forwarding agent or 
2) Gives its own transport promise. 

Lundin and Hedberg (2010) schematically describe the relationships and contracts in the 
Swedish trucking industry as in Figure 1, which illustrates the chain of contracts discussed 
above. 

3.1 Categorisation of contracts 

There have been some attempts in the scientific literature to categorize contracts used in 
the logistics services. However, as stated in Collins (1999), there seems to be a lack of 
empirical evidence when looking at contract types. The contractual aspect has also been 
highlighted more recently as an area where more research is needed (Olander and 
Norrman, 2012).  

There are different ways of outsourcing logistic services. Fernie (1999) notes that the 
transport at hand may be dedicated to one shipper or shared between, giving us one 
dimension to categorize the contracts: (1) Dedicated assets, i.e. a transport that is 
dedicated to one shipper or (2) Shared assets, i.e. a transport that is shared with other 
shippers’ goods. Furthermore, Fernie distinguishes between two different ways of 
pricing: (a) Open book pricing, i.e. the prices for all services are reported individually in 
the invoice. In the way the shipper can see each cost item and (b) Closed book pricing, i.e. 
a total fee of all services is charged, and not reported individually. Hubbard (2001) refers 
to (a) as contract carriage and to (b) as common carriage. According to Kajüter and 
Kulmala (2005), open-book accounting has been mentioned both as a means of improving 
the cost efficiency of supply chains and as a tool for building trust into customer–supplier 
relationships. However, there is little empirical evidence of how to make open-book 
accounting work and avoid potential pitfalls. 

Figure 1 Contracts and payments between the actors in the Swedish trucking industry 
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Using these two dimension enables to group different types of contracts into categories. 
This is done in a case study by Lundin and Hedberg (2010) thus identifying four different 
contract categories:  

1) Dedicated carriage (DC), i.e. dedicated asset with open book pricing. 

2) Shared carriage (SC), i.e. shared asset with open book pricing. 

3) Truckload carriage (TC), i.e. dedicated asset with closed book pricing.  

4) Less-than-truckload carriage (LTL), i.e. shared asset with closed book pricing.  

An alternative way of categorising the contracts is found in Pruth (2002), who identifies 
three different types of TPL contracts based on their pricing strategies. 

1) Fixed prices: which give the TPL actor a strong incentive to improve their efficiency 
since the risk rests on the TPL actor. 

2) Actual cost and profit marginal using an open book pricing: In this case the price is 
dependent on the cost of the TPL actor and on tops of that an agreed percentage. 
Hence, this generated no incentive for the TPL actor to improve its efficiency since 
they are guaranteed the agreed profit percentage. 

3) Actual cost and management costs: The difference compared to number two, is that 
the management cost is a fixed fee. 

A third way to categorize the contracts is according to contract length. Since the 
agreements of outsourcing the transport and logistics services depends on a mutual 
cooperation and a good understanding of each other, the logistical contracts are in general 
long term agreements (Heidbrink, 2005). In the review by Andersson et al. (2003) 
contracts in the Nordic countries varies mainly between 2-3 years. Meanwhile in another 
survey an average length of 1.3 years was found for transport contracts (Lammgård, 
2007). The length of the contracts is found relevant to the study as longterm contracts 
allow building long term relationships between transport buying companies and TSP. It 
is likely that the length of relationships impacts the amount of resources invested in the 
relationship and the opportunities to work on improvements (including environmental 
work) on continuous basis.  

There is further in Sweden no specific legal regulation for logistic service providers, and 
hence according to Olander and Norrman (2012) it is common to use a standard-form 
contract NSAB 2000 (i.e. the general conditions of the Nordic Association of Freight 
Forwarders). 

In our empirical study we have chosen to study the following four categories of contracts:  

1) Dedicated to you with open book pricing  
2) Dedicated to you with-out open book pricing  
3) Shared with other cargo owners with open book pricing  

Shared with other cargo owners with-out open book pricingMore text … 

4 GREENING LOGISTICS AND TRANSPORT 

As mentioned in the introduction, many companies working with environmental 
questions are turning their attention to logistics and transport operations. Working with 
these issues can include purely internal activities or extend to working together with 
suppliers, as in many cases the physical operations are actually outsourced and is thus not 
under the direct control of the company. Working with suppliers on environmental 
questions can be done both through contractual relations or non-contractual relations. 
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The empirical study will investigate both how transport buying companies work with 
their transport service providers both through contractual and non-contractual relations. 

There are varieties of options to reduce the environmental impact of transport and 
logistics activities. Commonly discussed actions on the company level for making freight 
transport more sustainable are: technology (vehicles, alternative fuels, ICT); changing 
logistics structures (Aronsson and Huge Brodin 2006); purchasing (Lammgård 2007; 
Evangelista et al. 2012 ); training; consolidation of freight (e.g. co-distribution); modal 
shift (McKinnon 2003; Roso 2011); planning/scheduling of transport operations 
(utilization, information sharing); implementing Environmental Management Systems; 
improvements in packaging, etc. 

If the company is outsourcing its logistics function or the physical transport work, 
working with the issues above requires involvement of Transport Service Provider (TSP), 
for instance TPL, or other supply chain partners. Sourcing company can either set certain 
prerequisites for TSP to qualify as supplier (mandatory); use environmental criteria in 
the selection process between different providers or choose to work on a continuous basis 
together with the TSP to try to reduce environmental impact from the logistics and 
transport operations.  

4.1 The relationship between environmental work and logistics performance  

An important and debated question within the corporate sustainability is why the 
companies should engage in environmental work. A common argument is that improving 
environmental performance can improve economic performance of the company (Rao & 
Holt, 2005; Bacallan, 2000; Nishitani et al., 2011; Schaltegger and Synnestvedt, 2002) as 
companies focus on lean and efficient operations minimizing waste of resources. The 
same logic applies to logistics and transport: making logistics and transport greener 
improves the performance of these functions. 

Within the logistics and transport research, the relationship between performance and 
greening measures has been investigated (Ludvigsen, 1999; Evers et al., 1996; Goldsby 

and Stank 2000; Björklund et al. 2012), but the literature is lacking empirical evidence. 

To explore the question whether there is a relation between environmental work and 
logistics performance. Both environmental work and logistics performance had to be 
defined and operationalized in order to be able to quantify them in the survey. Thus, the 
elements of these constructs as defined below have been used as the basis for the 
formulation of survey questions in the empirical study (see the questions in Appendix 1). 
For further information regarding the background to the constructions and the relevant 
references see Pazirandeh and Eng Larsson (2011).  

As mentioned, company’s environmental profile has been evaluated through combination 
of 3 areas: general environmental work at the company, environmental work in the 
transport operations and environmental requirements in transport purchasing.  

Company’s general environmental work has been measured through following factors  

 an explicit strategy to reduce emissions,  
 employee training programs,  
 life cycle analysis of products,  
 evaluate employees on environmental criteria,  
 internal and external environmental reporting, 
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 accreditation to an environmental management program (EMS). 
Environmental work with the transport operations was measured by how the company has 
been  

 actively working towards a larger share of rail transport (less environmentally 
damaging);  

 actively working towards a larger share of sea transport (less environmentally 
damaging);  

 increasing vehicle utilization by horizontal collaboration (e.g. co-distribution);  
 reporting transport emissions to stakeholders (measuring and transparency);  
 making investments to improve environmental performance of transportation,  
 actively working to reduce the volume of goods transported (eliminate 

unnecessary transports),  
 used IT support for the analysis of transport efficiency (measuring and data 

creates opportunities for improvement);  
 reducing the amount of emergency deliveries (emergency deliveries are usually 

less optimal from resource efficiency perspective and cost point of view). 
Greening transport purchasing has been measured through the extent to which the 
company  

 demanded environmental certification from suppliers,  
 evaluated providers according to environment criteria,  
 used transport procurement e-tools to put environmental pressure on suppliers,  
 education of ECO-driving for drivers,  
 identification of sustainable transportation service providers, 
 environmental social cost payments through climate compensations. 

 

Improvement in logistics performance has been measured through a combination of 
measures regarding efficiency and effectiveness. Respondents were asked to evaluate 
experienced improvements in logistics efficiency and effectiveness during the last 3 years. 
This has been chosen to capture the time dimension and to enable each respondent to 
relate to the logistic development at their work place. 

The applied measure for logistics efficiency (costs) has been constructed through the use 
of following metrics:  

 transportation costs,  
 inventory costs,  
 warehousing costs,  
 administration costs,  
 obsolescence costs,  
 total logistics costs.  

The measure of logistics effectiveness (quality) has been through changes in:  

 order lead time,  
 delivery consistency,  
 backorders2,  
 loss and damage,  

                                                 
2 A customer order that has not been fulfilled 
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 overall reliability,  
 customer complaints  
 overall customer satisfaction.  

Finally, also the relation with the TSP was captured in the following statements on how 
the company has  

 actively worked to increase the share of purchased transports,  
 actively reduced the number of TSP,  
 actively aimed at having more long term contracts (with long term contracts there 

is more opportunities for continuous improvement),  
 actively worked for more flexible contracts,  
 signed contracts including additional services to the transports,  
 signed contracts where the TSP performs more complex assignments,  
 implemented competence improving measures together with the TSP,  
 actively increased the exchange of information with the TSP,  
 experienced that it has become easier to change TSP.   

5 THE SURVEY 

The objective of the survey has been to achieve an overall view of the logistics services 
contracts in Sweden and in particular to add understanding to the environmental 
performance in transport procurement and the relationship between transport buying 
companies and transport service providers.  

The survey was targeted towards commodity owning companies (i.e. shippers rather than 
carriers or TPL etc.). We focus on companies with a logistic manager, being an indicator 
that there is a logistic organisation which coordinates the purchase of transports. As our 
interest is to explore how transport buying companies work with environmental 
questions both internally and together with transport providers, presence of a logistics 
function has been taken as a selection criteria. 

Excluding companies without a logistic manager may introduce bias in our sample. 
However, this approach is adopted in several earlier studies in related areas (e.g. Pålsson 
and Johansson, 2009; Harper and Evers, 1993; Bardi et al., 1989). We have limited the 
population to companies with 20 or more employees, thus eliminating those work places 
which can be assumed to have a modest commodity flows. The choice of 20 employees is 
based on the previous Swedish national commodity flow survey’s cut-off point. Our 
sample is a proportional, stratified random sample based on the size of the work place. 
The respondents are representing our stratified sample rather well, with a slight over 
representation of work place in the size of 50-199 employees, and a slightly under 
representation of work places with 20-49 employees. Size has been used as the basis for 
the stratifying since there are reasons for believing that the contracts look different 
depending on the size of organisations. Moreover the size affects the bargaining power in 
the buyer-supplier relation and thus is found relevant. Stratifying also leads to a sample 
which better reflects the population. The work place size has been used in several 
previous studies on the similar phenomena (e.g. Lammgård, 2007). The use of work places 
in this survey is because it is assumed that contracts are available at this level and logistics 
managers at the respective work places have knowledge regarding the contracts.  

The number of work places in Sweden 2011 that fulfil the requirements above amounts 
to 1043. This is thus the total population out of which 524 addresses were collected using 
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the population data base (PAR). 406 of these were found valid after contacting the 
companies. Of these, 100 individuals have responded, which generates a response rate of 
approximately 25 %. However, the responses of 7 individuals have been removed as they 
only replied to the first basic questions leaving an actual response rate of 23 % (93/100). 
The respondents have mainly been logistics managers (app. 53 %) or purchasers, 
logisticians or managers (e.g. of transport, distribution, technical or purchase) at the 
respective companies in the sample. Due to the rather low response rate no generalization 
can unfortunately be made out of the survey results. When calling the respondents for 
their participation the following reasons were stated for not being able to participate: lack 
of time, new in their work position/having too little knowledge, the procurements are 
made at an overall level and company policy of not participating in surveys. 

A 5-point Likert scale, with end-points “strongly agree” and “strongly disagree” was used 
to measure the response for some items. The middle point was anchored as “neither agree 
nor disagree”. In order not to measure just recent activity, the respondents were asked to 
indicate changes/improvements that had occurred over the last three years.  

Further, it is important to note that some questions have also been misinterpreted.  For 
the following question: “How many contracts does your work place have of each length?”, 
several of the respondents seem to have stated their answers in percentage rather than 
actual number of contracts. This implies that we cannot calculate an average number of 
contracts based on all responses. Further, there is also several questions (i.e. “Who are 
performing your outgoing purchased transports?”, “What mode of transport is used for 
your purchased transports?”, “How are your purchased transports divided among the 
different transport sellers?” and “How are your purchased transports divided among the 
following alternatives?”) where the percentage does not sum up to 100 %. In most of these 
cases it has been feasible to proportionally increase their responses to equal 100 %, in 
other cases this has not been possible. This implies that the responses to some questions 
are not taken into account in the analysis. Finally, if a respondent did not answered a 
question it by default generated 0 as a response, therefore in some questions it is difficult 
to know whether the response is stated by purpose or just a non-response.  

In the analysis of the collected survey data we have merged the different items in each 
category (described in the section The relationship between environmental work and 
logistics performance). The statistical method used is the principal component analysis 
(PCA). This is a technique that limits the number of variables by creating new one based 
on several linear composites of the original variables.  For our hypothes testing, Mann-
Whitney U-test has been used to test if there are significant differences between the 
different groups. The problem of multiple comparisons has been controlled for by 
performing the Bonferroni correction method.  

6 SURVEY RESULTS 

In this section the results from the survey is presented and our hypotheses assessed. 

6.1 Background data 

The distribution among type of industry and size of the work places are shown in the 
following tables below. 
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Table 1 Represented industries 

Industry Distribution 

Agriculture production 1.1 % (1) 

Basic metal industries and manufacture of 

fabricated products, machinery and equipment 

31.2 % (29) 

Forestry 3.2 % (3) 

Mail order business/Distant shopping 2.2 % (2) 

Manufacture of chemical products and manufacture 

of products in printing and publishing 

9.7 % (9) 

Manufacture of food products and beverages 7.5% (7) 

Manufacture of wood products, pulp, paper and 

paper products 

7.5% (7) 

Mining 2.2 % (2) 

Other 22.6 % (21) 

Other wholesale trade 1.1 % (1) 

Wholesale of machinery, equipment and supplies 1.1 % (1) 

Wholesale trade of food products 4.3 % (4) 

Wholesale trade of intermediate goods 1.1 % (1) 

Wholesale trade of other consumer goods 5.4 % (5) 
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The ones who have stated others are; four IT/software industry, two pharmaceutical 
businesses, two electronic businesses. Further industries represented are: recycling, 
construction material, retailer for construction industry, metal production, conveyor 
manufacture, shipbuilding, textile, machine renting, electrical engineering and vehicle 
production. 

The data set we received included information on the work places’ number of employees. 
In most cases this is consistent with the range the respondents have implied. In the cases 
it has not been accurate; we have kept the range the respondent has indicated since this 
is the most updated information. Further, we have also divided the work places into Small, 
Medium and Large as indicated in Table 3 and 4 below. This has been done to later 
facilitate the analysis of the effects’ of the size of the company, in line with other studies 
within this area e.g. Lammgård (2007). Size of the company is important as it is likely to 
affect the ability to dedicate resources to activities outside the core business and in many 
cases the larger companies are more exposed to pressure and scrutiny regarding 
environmental performance. For instance, a survey study among 450 American firms 

(Murphy et al.1995) revealed that the concern over environmental issues is larger among larger 

firms. 

 

Table 2 Number of employees at participating companies 

Employees Distribution 

20-49 (S) 15.1 % (14) 

50-199 (M) 49.5 % (46) 

200-499 (M) 19.4 % (18) 

500-999 (L) 8.6 % (8) 

1000- (L) 7.5 % (7) 

 

 

Table 3 Annual turnover (MSEK) of participating companies 

Annual turnover3 Distribution 

10-499 (S) 48.4 % (45) 

500-999 (M) 16.1 % (15) 

1000-4999 (L) 23.7 % (22) 

5000 – (L) 6.5 % (6) 

Unknown 5.4 % (5) 

 

6.2 Results  

The research questions presented in the introduction of this paper will be responded to 
through the analysis of the empirical results from the survey.  

Is it possible to divide the contracts in any major, general categories? 

In the survey we asked the respondents to state in which of the following categories their 
contracts belong to. The categorisation is based on the types of contracts identified in the 
literature review. 

- Dedicated to you with open book pricing  

                                                 
3 An approximation of the annual turnover, as stated in the survey. 
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- Dedicated to you with-out open book pricing  
- Shared with other cargo owners with open book pricing  
- Shared with other cargo owners with-out open book pricing 

The responses have been divided into percentage share and not actual number of 
contracts for each contract category. According to the survey result most of the work 
places have contracts for dedicated transports and priced using the open book method.  
This is the case of 54 % (out of 65 respondents) of the contracts captured in this question, 
see Figure 3. However, many seem to be not familiar with this categorisation or unwilling 
to reveal this information4, since 28 of the respondents did not answer this particular 
question. Some- (22 % from the responses received) also have their contracts in more 
than one of the different categories.  

 

 

Figure 2 The division of purchased transports based on type of contract 

 

How long are the average durations of the contracts? 

The result from the survey shows a highest frequency of contracts with duration of 1-2 
years, approximately 60 % of the ones who responded in number of contracts (i.e. 75 
respondent, 18 respondents have most likely answered in percentage instead and thus 
been excluded from the analysis of this question). The great majority of contracts are 
above one year, more precisely 80 %. 

                                                 
4 As information regarding the contracts can be sensitive and confidential. 

54%
28%

5% 13%
Dedicated & Open book

Dedicated & Closed book

Shared & Open book
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Figure 3 Number of contracts divided on the length 

 

The overall average number of contracts per work place in our survey is 6 contracts. The 

average in each stratum is given in Figure 4 below. This shows that the number of contracts 

increases with the size of the work place (measured in number of employees). The same pattern 

is shown when measuring the size in annual turnover. 

 

 

Figure 4 Number of contracts depending on the size of the work place 

 

 

The findings in the survey are comparable with the ones of Lammgård (2007). In Lammgård 

(2007)5 the number of contracts are 3.2 as a stratified average (stratifying based on size), with 

the biggest diversion for large manufactures with an average of 11 contracts. For medium sized 

manufactures 5.7, and medium wholesalers 2.6 contracts. 
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How flexible are the contracts for external changes? 

The literature has addressed the use of standard contracts as rather common (Olander and 
Norrman 2012), in our survey on average only of 15 % were stated to be standard contract. 

This low number might be a result of the chosen target group for the survey: the survey was 

directed towards the cargo owners as opposed to the transport service providers. Whether or 

not respondents are seeking flexible contracts has been captured in the following statement 

“Worked actively for more flexibility in new signed contracts“.  A large share (46 %) 

responded strongly agree or agree to this statement, indicating the importance of flexibility. 

However, other ways of viewing the flexibility in this case is by looking at the elements 

regulated in the contract. 

How are environmental issues dealt with internally and externally in relations with 
suppliers? 

Contracts normally regulate e.g. prices, destinations and risk. One important example of 

environmental related elements regulated is the fuel clause. From our survey it’s seem that the 

average percentage of contracts that have a fuel clause is only 63 %. However, this number 

might be an underestimation since if the respondent has chosen not to respond, this will 

automatically generate a respond of 0 %. The data shows that 47 % of the respondents have 

fuel clauses in all their contracts; meanwhile 20 % stated that none of their contracts included 

a fuel clause.  

Demand of EURO class is another element related to the environment (however, not GHG). 

This has not been stated as a part of the contracts strictly, but approximately 38 % have stated 

that they have been demanding high EURO classes from their transport providers. The 

corresponding figure for demanding eco-driving is only approximately 19 %. 

Figure 5 below illustrates the answer of transport purchasing companies regarding their internal 

environmental work. Some of these requirements are regulated in the transport contracts, as 

mentioned above, while others just used in the purchasing process for evaluation of the different 

transport providers. Environmental evaluation of employees and LCA of products are most 

poorly used. At the same time having an overall environmental strategy, doing environmental 

reporting and educating employees in environmental questions seems to be rather popular- all 

three parameters were common among half of the respondents. 

                                                 
5 The work places in Lammgård (2007) are divided into three different groups (depending on number of 

employees), in two levels depending if they are manufacture or wholesale and commission trade. Manufacture: 

10-99(S), 100-399 (M), >400 (L); Wholesale: 5-19 (S), 20-99 (M), >100 (L).   
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Figure 5 General environmental work 

  

As can be seen from the Figure 6, environmental requirements in transport purchasing 
are rather uncommon. Climate compensation and transport purchasing tools are most 
poorly used, while environmental evaluation of TSP is most commonly applied measures 
according to our survey data.  Both climate compensation and transport purchasing tools 
can be seen as costs that transport purchasing companies are unwilling to take. At the 
same time environmental evaluation of TSP and putting demands regarding 
environmental certification is common. 

 

 

Figure 6 Greening transport purchasing 

 

 

Another question stated to the respondents was regarding the environmental work 
within the transport operations. In interpreting the results from this question it is 
important to keep in mind that very few companies in the sample actually had any “own 
transport” as opposed to purchasing transport from forwarders and other transport 
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service providers: 78,7 % of the respondents had outsourced more than 75% of their 
transport operations.  

 

 

Figure 7 Greening transport operations 

 

The graph above illustrates that the use of environmental measures in the transport 
operations is rather low. The most commonly used measures were reduction of 
emergency transport and working on reducing the need for transportation. Though these 
measures have positive impact on the environmental their use is also very rational from 
the cost cutting perspective: it eliminates unnecessary transport and normally more 
costly emergency transport. 

 

 

Figure 8 Relations with TSP 

 
Figure 8 above illustrates how companies are working with their TSP. The results show 
that companies are rather interested in having closer and more long-term relations with 
fewer TSPs, while having high flexibility. From the environmental perspective the interest 
to build long-term relationships with TSPs is rather positive as it can be difficult to work 
together with many TSPs at the same time. Moreover, common initiatives in improving 
environmental performance often are time and resource consuming- thus the 
opportunities to work on these issues require some stability in the relation and time to 
actually carry through the improvement work. 
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6.3 Hypotheses  

A PCA has been conducted for each of the variables described earlier in section The 
relationship between environmental work and logistics performance. In each of the 
analyses the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy has been 
calculated, which compares the correlations and the partial correlations between 
variables. If the partial correlations are low compared to the correlations, then the KMO 
measure is high and a PCA is appropriate. A KMO value between 0.70 and 0.79 is 
considered as middling, a value of 0.80 to 0.89 is meritorious, and a value of 0.90 to 1.00 
is marvellous. (StataCorp, 2009). 

1. Work places with long term contracts (≥2 year) have a more 

active environmental work in general than work places with a 

majority of short term contracts (<1 year). 

The KMO result for the component Environmental work is 0.77, and 

hence considered middling for the PCA. The other components’ KMO 

are shown in Table 2 below. 

 

Table 4 KMO results for the different components 

Component KMO 

Greening transport 
purchasing 

0.82 

Greening transport operation 0.79 

Relation with TSP 0.81 

Logistic effectiveness 0.92 

Logistic efficiency  0.81 

 

In the PCA the criterion of creating one new component has been set. 

Further, the result of the correlation matrix between the original items 

and the new variable is stated in the table below. This indicates how 

much each individual are loading in the new variable, i.e. the higher the 

loading the more influential the item is in forming the new variable 

(Sharma, 1996). 

 

Table 5 Correlation matrix for the component Environmental work 

 Environmental work 

Environmental report 0.775 

Environmental evaluation 0.720 

LCA of products 0.784 

Environmental education 0.876 

GHG strategy 0.810 

 

The Mann-Whitney U test indicates that there is no significant 

difference between the companies with longer contracts compared to 

the ones with short contracts when it comes to their internal 

environmental work. However, other differences have been recognized.  
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2. Work places with long term contracts are setting higher 

requirements on their transports compared to the ones with 

shorter term contracts. 

Our analysis indicates that the variables greening transport purchasing 

and relation with TSP are significant different between firms with long 

term and short term contracts, i.e. the companies with longer contracts 

tend to set environmental requirements (i.e. greening transport 

purchasing) to a further extent to their TSP (U=262.5, z=2.08, p=0.038) 

and have a stronger relation with their TSP (U=260.5, z= -1.98, 

p=0.048).  

 

Table 6 Correlation matrix for Greening transport purchase 

 Greening transport 

purchasing 

Climate compensation 0.695 

Demand high EURO class 0.818 

Demand eco-driving competence 0.751 

Transport purchasing tool (e.g. Q3) 0.805 

Environmental evaluation of TSP 0.841 

Demand environmental 

certification 

0.673 

However, when controlling for multiple comparisons with the strict 

method of Bonferroni they are no longer significant, which weakens 

these hypotheses.  The correlation matrix for Greening transport 

purchasing and Relation with TSP are seen in Table 6 and Table 7.  

 

Table 7 Correlation matrix for Relation with TSP 

 Relation with TSP 

Easy to change TSP 0.573 

Increase information exchange with 

TSP 

0.866 

Increase competence 0.719 

Purchase more complex services 0.681 

TSP performs more services 0.713 

Increased flexibility 0.824 

Increase long contracts 0.743 

Reduce number of TSP 0.725 

Increase purchased transports 0.534 
 

 
3. Workplaces working with environmental issues have seen an improvement in 

logistics performance (efficiency and effectiveness) 
This analysis has also been performed with correction for the several tests made of 
the data (Bonferroni correction). The results partly support the hypothesis. Table 8 
shows the correlation matrix between the new, merged variables and indicates that 
there is a positive significant correlation between greening the transport operation 
and the two variables for logistics performance (efficiency, i.e. price and effectiveness, 
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i.e. quality). For the company’s overall environmental (described earlier in Table 5) 
profile there is only found a significant correlation with the logistic effectiveness, but 
lower correlation compared to the operation variable. However, for the greening 
transport purchasing this pattern is not seen and no significant correlation is found. 
Hence, there is a weak support for this hypothesis only. Results are showing that 
initiatives directly aimed at greening the transport operations are most effective. 
Though greening transport purchasing is important, it does not guarantee that the 
suppliers will actually follow through the environmental work throughout operations. 
Similarly, company level initiatives and environmental work is important, but if it is 
not translated into functional levels as well, it does not show an impact.  

  

Table 8 Correlation matrix for environmental work and logistics performance 

 Overall Purchasi

ng 

Operation 

Performance 0.33* 0.38** 0.36** 

Logistic effectiveness 0.35* 0.27 0.45** 

Logistic efficiency 0.20 0.27 0.42** 

** Significant at < 0.01 level. * Significant at < 0.05 level 

7 DISCUSSION AND CONCLUSIONS  

The aim of this study has been to give a background to the relationship between transport 
buyers and transport providers, with a focus on the transport and logistics contracts.  

In the literature there are not much empirical studies on transport and logistics contracts, 
especially not in Sweden. The limitations and complexity of industries and contracts 
complicates the attempt to give a general overview and categorisation, and especially a 
quantification of contracts. However, some research has been done which we have 
summarised in our theory chapter. In this part we will combine the findings in the 
literature with the result from our survey.  

Transport Contracts 

We started of the find an answer to this question in the literature and found that there 
are several difficulties in categorising the contracts, e.g. due to the large amount of 
contracts and the high diversity among them. Further, there were not much literature on 
this subject and no clear general categories for Sweden could be found. However, we 
found a few examples of categorisation, stating this was in general done depending on 
the transport service. Hence, we decided to test some of the categorisation empirically. 
We selected the following four categories based on the paper by Lundin and Hedberg 
(2010): 

- Dedicated resources and open book pricing. 
- Dedicated resources and close book pricing.  
- Shared resource and open book pricing. 
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- Shared resources and closed book pricing. 
However, the survey results are indicating that these terms were not very familiar to our 
respondents, based on the high share of non-responses to this particular question. 
However, from the responses the dedicated and open book category was the most 
common (54 %), followed by dedicated and closed book. There is still a problem of 
generalising all the contracts for land based transports in Sweden in an adequate way. 
This is one start, but not a complete response. 

Another way of categorising the contracts is by their duration. A long contract might 
indicate that it is more difficult to make major changes, since they already committed to a 
long term agreement. From the literature survey, as well as from oral communication with 
Lundin (2010), the average time frame of logistic contracts (with TPL) is in general set to 
3-5 years.   

The result from the survey shows another picture, with a highest frequency of contracts 
with duration of 1-2 years. This is comparable with the results in the large survey 
conducted in Lammgård (2007) which shows an average length of 1.3 years for contracts. 
This could be due to that we have tried to capture all contracts, not only the once with 
forwarders and TPL, which to a further extent seem to have longer contracts than the 
once using hauliers as transport providers. There are no trend seen between the different 
categories of contracts and the length of the contracts. However, one trend seen in the 
survey result is that the larger work places tend to, in average, have a higher amount of 
contracts. This might be e.g. due to larger amounts of goods being shipped, but also for 
having a greater flexibility, and this leads us to the third question.  

 

The transport and logistics contracts can be very detailed, but on an aggregated level it is 
mainly cost per distance and per hour that are regulated (Lundin, 2010). Almost half of 
the respondents agreed that they are seeking more flexible contracts, so this seems to be 
an important issue for many of the transport buying companies. From an environmental 
policy perspective, it is however important with the environmental related elements in 
the contracts and how the cost/risk is divided between the actors.  

Environmental issues and relations with TSPs 

As it seems several companies are adding fuel and energy costs in the contracts, as well 
as other environmental fees.  Indicating that these costs are directly transferred to the 
transport buyer, rather than affecting the transport provider. From our survey 
approximately 47 % (44/93) stated that 100 % of their contracts have a fuel clause, 
indicating that the prices changes depending on the market price of fuel (which includes 
the fuel and energy taxes). Almost 20 % (19/93) did however state that they have no 
contracts with a fuel clause. Further, 38 % stated that they have requested that high 
EURO-class vehicles should be used. Finally, we also asked about eco-driving 
competence. However, only 19 % stated that they had been requiring eco-driving 
competence among the drivers of their transport provider. 

There are as can be seen from this study ways for the transport providers to partly avoid 
economic policy measures, such as an increased fuel tax. This can be done via a fuel clause, 
which according to this study is common in transport and logistics contracts. Hence, this policy 
measure affects rather the transport buyers instead and does not give strong incentive for the 
transport provider to improve its efficiency. In order to generate incentives for transport 
providers, other measures need to be considered. 
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The study also investigated how common it is working on environmental issues both internally 
and externally with TSP. Results show rather low rate of application of various environmental 
requirements. Climate compensation and transport purchasing tools are most poorly used of 
the one stated in the survey, while environmental evaluation of TSP is most commonly applied 
measures in transport purchasing. Moreover, the use of environmental measures in the 
transport operations is also rather low. The most commonly used measures were reduction of 
emergency transport and working on reducing the need for transportation. Though these 
measures have positive impact on the environmental their use is also very rational from the 
cost cutting perspective: it eliminates unnecessary transport and normally more costly 
emergency transport. The results show that companies are rather interested in having closer 
and more long-term relations with fewer TSPs, while having high flexibility. From the 
environmental perspective the interest to build long-term relationships with TSPs is rather 
positive as it is difficult to work together with many TSPs at the same time. Our survey results 
supports this by the indications that companies with long term contracts tend to have a 
stronger relationship with their TSP and also sets environmental requirements to a further 
extent. Furthermore, common initiatives in improving environmental performance are often 
time and resource consuming- thus the opportunities to work on these issues require some 
stability in the relation and time to actually carry through the improvement work.  

The hypothesis testing indicates that there is a positive, statistically significant relation between 
the companies’ external environmental work and improvements of logistics performance, both 
in terms of effectiveness and cost. Still, in interpreting the results one should be careful as the 
improvements in efficiency and effectiveness of logistics have been measured through 
perceived improvement by the respondents over the period of the last 3 years rather than the 
actual improvements. Results are showing that environmental initiatives directly aimed at the 
transport operations are most effective - have the strongest relation with improvements in 
performance.   
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Abstract 

From 2003 to 2008, a total of 1.8 billion SEK was granted for 912 projects in a Swedish 

climate investment program (KLIMP) to spur emission-reducing investment, the estimated 

CO2-equivalent emission reductions caused by these projects is 746 000 ton per year, and 1.1 

million ton in total (Naturvårdsverket, 2012). This paper uses a sample-selection model to 

estimate the additionality of KLIMP program, i.e. to what degree, the implementation of the 

investment projects are caused by KLIMP. Our results show that the additionality of KLIMP 

on the probability to investment for the projects that are granted for KLIMP grant is around 

60 percent.  
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Introduction  

 

KLIMP (Klimatinvesteringsprogram) is a Swedish climate investment subsidy program 

initiated by the Swedish government, aiming to spur investments that reduce greenhouse gas 

emissions. Projects that are not profitable in short term, that have high grant-efficiency in 

reducing CO2 equivalent emission and/or involve new technology are granted for up to half 

of the total amount of the environment investment costs. From 2003 to 2008, a total of 1.8 

billion SEK was granted for 912 projects. The estimated CO2-equivalent emission reductions 

caused by these projects is 746 000 ton per year, and 1.1 million ton in total. These 

investments are made in the sectors that have the largest impact on climate such as transport 

and energy sectors, the measures used includes expansion of district heating, transition to 

biofuels, measures to boost energy efficiency, and local information projects about climate 

issue and the ongoing projects. (Samakovlis and Johansson, 2007; Naturvårdsverket, 2012) 

 

One key concept when it comes to this type of program is “addtionality”.  The 1.8 billion SEK 

was spent to encourage emission-reducing projects, and then reduce emissions, however, 

without the KLIMP grants, some actors would have invested in the proposed emission-

reducing projects anyway for reasons such as: changing in energy price, political reasons, 

different expectations in future climate policy, etc. KLIMP grant should only be given to 

those projects that are unlikely to be invested without the KLIMP financial help. Only when 

the projects are additional – caused by KLIMP – the emission reductions generated by the 

projects are beyond the “business-as-usual” scenario. To not overestimate the emission 

reduction impact of KLIMP, only the emission reductions from the additional projects should 

be counted as the emission reduction caused by KLIMP.  For a review on the concept of 

additionality in the context of climate policy see Gillenwater (2012).  In this study, the 

addtionality is defined as ATT/phat1, where phat1 is the predicted value of the probability 

that a project owner that get granted for KLIMP grant would invest in the proposed project, 

and ATT is the averaged treatment effect on the treated of KLIMP grant on this probability, 

indicating to what degree the probability that a project owner that get granted for KLIMP 

would invest is caused by KLIMP.  

 

A lot of effort has been put in assessing additionality of this type of climate investment 

programs. However, these studies focusing on finding a good indicator to use as an incentive 

to judge whether a project is likely or not likely to be invested without the external financial 

VTI notat 28-2014 125



help, either in the ex-ante context assessing whether or not to approve a project, or in an ex-

post context using these indicators as proxies to show base on the new indicator chosen, how 

big a share of the projects were not additional (See chapter 2 for a short review on previous 

study on addtionality of climate investment programs). To my knowledge, none of the 

previous studies on environment investment programs are based on an ex-post estimate on 

actual investment decisions directly to see whether or not an investment project would have 

been invested or not without the external financial help (i.e. whether a project was additional).  

 

The difficulty in estimating the addtionality lies in that there is no observation for the 

counterfactual situations for the approved projects, i.e. whether the project owners that 

received financial help would have been invested in the proposed projects without the 

financial help. However, no observation on the counterfactual situations is a common issue in 

policy impact assessment of non-experimental policies (Hussinger 2008). A large literature 

have been developed addressing this problem using an econometric method: the sample-

selection model (see chapter two for a short literature review on this). This study contributes 

to the literature by applying the sample-selection model to assess additionality of climate 

investment program, where additionality is a serious issue. The addtionality of KLIMP 

program itself is interesting because Sweden is one of the first countries to initiate this type of 

national climate investment programs, the experience of KLIMP is worth study for policy 

makers from other countries. What is more, the method used by this study can be generalized 

for additionality studies for other climate investment programs such as the Clean 

Development Mechanism (CDM). The CDM is initiated by UNFCCC is a 215.4 billion USD 

worth program2 (UNFCCC, 2012), where the additionality is not only an opportunity cost 

issue, because the way that CDM works, the non-additional emission reductions could even 

be an increase in total global emissions3.  

 

                                                 
2 The total registered or soon-to-be registered CDM projects is estimated to be 215.4 billion USD in June 2012.  
3 CDM allows a country with “an emission-reduction or emission-limitation commitment under the Kyoto 

Protocol (Annex B Party)” to investment in emission reduction projects in developing countries. And for each 

ton of emission reduced in a host country, the investor is allowed to emit one more ton at home, or earn one ton 

of emission credit to trade. If a CDM project is not additional, i.e. the project would have been implemented 

anyway in “business-as-usual” scenario without CDM, then “the net effect is an increase on global emissions”. 

(Michaelowa and Purohit, 2007; UNFCCC, 2013) 
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Our empirical results find no evidence in endogeneity caused by sample-selection bias. The 

predicted value of the probability that a project owner would invest in a project that is granted 

for KLIMP grant is around 75 percent, and the additionality is around 60 percent.  

 

The rest of the paper is organized as follow, chapter 2 describes the background of KLIMP 

and some other governmental emission reducing investment subsidy programs, and reviews 

relevant literature, chapter 3 introduce the methodology and data, chapter 4 presents the 

empirical results from the estimation of the model, chapter 5 discusses the results.  

 

Back ground and literature review 

Subsidies 

In general, environment policy instruments can be classified into three groups: regulations, 

information, and economic instruments (Vedung, 1998). Along with taxations and emission 

trading system, subsidies belong to the economic instruments category. (Kim, 2000) 

Summarizes different types of subsidies that have impact on environment: 1) Subsidies that 

designed to internalize external cost (e.g. subsidy per unit of reduced emission). 2) Subsidies 

that designed to capture an external benefit (e.g. subsidy for R&D, implementing new 

technology, establishment of forests, etc.). Besides these subsidies that are designed for 

positive environment effects, there are subsidies that influence environment negatively such 

as subsidies given to industries to protect competitiveness. In 1972, OECD adopted the 

“Polluter Pays Principle” (PPP), suggesting that the costs for abating the pollution generated 

by private sector should be borne by private sector. However, emission abatement often 

involves R&D and implementing new technologies which have spill-over effects. According 

to OECD 1974’s recommendations, government can give financial assistance to “ease 

transition periods when especially stringent pollution control regimes are being 

implemented”, “to stimulate the development of new pollution control technologies”, “in the 

context of measures to achieve specific socio-economic objectives, such as the reduction of 

serious inter-regional imbalances”. (OECD, 1995)  

 

During the selection process, the Swedish EPA tries to select the projects that are not likely to 

be implemented in short term, based on the environment investment costs and the economic 

benefit from tax saved or energy costs saved by switching energy source or other financial 

benefit from the investment. If a project is profitable within five years, the benefit of the 
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projects for the first five years that is larger than the environment investment costs are 

rejected for the KLIMP grant. The KLIMP program aims to encourage the projects that are 

not likely to be invested in short term that have large emission reduction cost efficiency, and 

the projects that involve new technology to be invested earlier. The KLIMP program only 

pays up to half, on average 30 percent of the total environment investment cost. The co-

funding from the project owners help to make the projects implemented.   

Previous study on additionality of investment subsidy programs 

 

The additionality studies of investment subsidy programs are mainly done for the CDM 

projects. The UNFCCC Clean Development Mechanism (CDM) executive board provided a 

step-wise methodological tool for demonstration and assessment of additionality for CDM 

programs (UNFCCC, 2012). These steps include “identification of alternatives to the project 

activity, investment analysis, barriers analysis, and common practice analysis”. However, 

most of the steps are lack of standardization, the only quantitative analysis in demonstrating 

additionality among the provided approaches by UNFCCC is the investment analysis.  

 

Some methods have been proposed to amend these steps: Au Yong (2009) compared the 

∆IRR (the difference between a project’s IRR (internal rate of return) with and without CDM 

revenues). Out of 222 projects this study looked into, 26% of the projects have a ∆IRR lower 

than 2%, which means that CDM revenue only accounts for a small contribution of these 

projects, it is difficult to “determine with certainty that these projects would not have 

happened in the absence of carbon finance”. Kartha, Lazarus, and LeFranc (2005) proposed 

the market penetration metrics for assessing additionality. Low penetration rates indicating 

that a project is not the common case in the proposed field. Penetration rates can be measured 

by market share or market saturation. For a review on some other CDM additionality studies 

see Schneider (2011).  

Previous study on policy impact assessment using Sample-Selection Model 

Examples of applications of sample selection model can be found in wide range of impact 

evaluations: additionality of public R&D (research & development) grants (Czarnitzki and 

Licht, 2006; Hussinger 2008), effect of Vietnam era military service on civilian mortality 

(Angrist, 1991), the impact of education on wage, etc. However, to our knowledge, this is the 

first study that applies this method in estimating additionality of investment grant program. 

For a multi-billion worth government investment subsidy program, whether or not the 
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subsidies really spur emission reducing investment, and to what degree the CO2 equivalent 

reduction can be counted as the impact of the government investment subsidy program is an 

important question. Applying sample selection model to this field is the contribution of this 

study. 

Methodology  

 

We want to study the additionality of KLIMP grant. We need to find out the probability of a 

project owner that got KLIMP grant would have invested in the proposed projects without 

KLIMP grant (phat0), the probability of a project owner that got KLIMP grant would have 

invested in the proposed projects with KLIMP grant (phat1). The difference between phat1 

and phat0 is then the “average treatment effect on the treated” (ATT) of the KLIMP dummy. 

The additionality is calculated as ATT/phat1, indicating the degree of the probability that a 

project owner that got KLIMP grant would have invested in the proposed projects that caused 

by KLIMP. 

 

However, like all the non-experimental policy, the counterfactual outcome is not observable. 

In other words, we cannot observe what the project owners that got granted for KLIMP grant 

would have done if they have not get granted for KLIMP. We use a control group where the 

projects have applied for KLIMP grant however get rejected. We use sample-selection model 

on the treatment group (the projects that are granted for KLIMP) and the control group to 

solve this problem.  

 

Model 

Sample selection model 

There are two equations in the model, a selection equation (whether or not the government 

authorities decided to give KLIMP grant to one particular project i) is: 

 

𝐾𝐿𝐼𝑀𝑃𝑖 = 1 𝑖𝑓 𝑈𝑖
∗ = 𝑎 + 𝑏𝑋𝑖 + 𝜀𝑖 > 0, 𝑒𝑙𝑠𝑒 𝐾𝐿𝐼𝑀𝑃𝑖 = 0  (1) 

 

And the response equation (whether or not a project/program owner decided to invest in the 

emission reduction project i) is: 

 

𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑖 = 1 𝑖𝑓 𝑉𝑖
∗ = 𝑐 + 𝑑𝑍𝑖 + 𝑒𝐾𝐿𝐼𝑀𝑃𝑖 + 𝜖𝑖 > 0, 𝑒𝑙𝑠𝑒 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑖 = 0  (2) 
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Where both 𝐾𝐿𝐼𝑀𝑃𝑖 and 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡𝑖 are binary variables. 𝑈∗ and 𝑉∗ are two latent 

variables. The utility difference  𝑈𝑖
∗  and 𝑉∗ can be described as a function of the observed 

characteristics and the unobserved characteristics, assuming linear additive relationship of 

these characteristics.  

Assume standard normal distribution for 𝜀𝑖 and 𝜖𝑖, and independence between 𝑋𝑖 and 𝜀𝑖, 𝑍𝑖 

and 𝜖𝑖, 𝐾𝐿𝐼𝑀𝑃𝑖 and 𝜖𝑖. Thus, both equation (1) and equation (2) are probit models.  

 

 

𝑈𝑖
∗ indicates the utility difference for the government authority to grant or not grant KLIMP 

for project i. 𝑋𝑖 is a vector of the variables that have impact on government authorities’ 

KLIMP grant decision. The most important factor for this decision is grant-efficiency. We 

also test whether project type, total cost of the environment investment cost, the square of the 

environment investment cost matter for government decision. a is a constant, b is a vector of 

parameters to be estimated and 𝜀𝑖 is the residual in equation (1).  

 

𝑉𝑖
∗ indicates the utility difference for a project owner to invest or not invest in the project i. Zi 

is a vector of variables that have impact on project owner’s investment decision.  𝐾𝐿𝐼𝑀𝑃𝑖 is a 

dummy variable indicate whether  or not this project is granted for KLIMP grant. c is a 

constant, d is a vector of parameters to be estimated, e is a parameter to be estimated, and 𝜖𝑖 is 

the residual in equation (2).  

 

Note that different from Heckman’s sample selection method, here the second equation 

(response equation) is a binary probit model. Two-step correction often “makes the bias 

worse” due to the nonlinearity in the probit model. Heckman (1978) suggests fitting the full 

model by maximum likelihood. The full model is a “bivariate probit” model (ref).  

 

Because what is of interest is project owners’ investment decision problem, and we are using 

the projects that get rejected for KLIMP grant as control group, we need to worry about the 

potential Endogeneity due to the KLIMP selection. If the unobservables for the KLIMP 

decision also have impact on project owners’ investment decision (the error terms of the two 

equations are correlated), then there is sample selection bias. Thus the sample-selection model 
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is needed to correct the selection bias. However, if the model consists of independent probit 

equation, these equations can be estimated separately (Greene, 2000). 

 

We collect information on two groups: a treatment group where all the projects have been 

granted for KLIMP and a control group that have applied for KLIMP however got rejected. 

We need to control for the observable differences between the treatment group and control 

group (emission reduction performance, investment costs, applied amount of KLIMP subsidy, 

types of instruments used for emission reduction, whether or not got granted for KLIMP, 

etc.), what is more, Because what is of interest is the cause effect of the treatment (KLIMP 

grant), when we estimate equation (2), we need to worry about the potential endogeneity of 

the treatment dummy KLIMP. Because the selection into the treatment might depend on the 

effect of the treatment, in other words, projects that got chosen into the treatment might have 

higher or lower probability to invest. The coefficient of the treatment dummy KLIMP might 

overestimates or underestimates the impact of the treatment. Therefore we need to control the 

endogeneity problem and then look at the treatment effect on the treated (ATT) of the KLIMP 

grant. Where the ATT is defined as the difference between the mean of the predicted value of 

the probability that a project owner in the treatment group would invest in the proposed 

project if the project got granted for KLIMP subsidy (phat1) and the mean of the predicted 

value of the probability that a project owner in the treatment group would invest in the 

proposed project if they did not get grant for KLIMP subsidy (phat0). The additionality is 

ATT/phat1, indicating to how big share the phat1 is caused by KLIMP. 

Data 

Data  

MIR (Miljöinvesteringsregistret) is a dataset runs by the Swedish Environmental Protection 

Agency, which contains information on of all the projects that applied for KLIMP grant. 

Information on estimated CO2 equivalent emission reduction, environment investment cost, 

applied amount and granted amount of KLIMP grant, which instrument group the project 

belongs to, etc. is stored in MIR. For the projects that get granted for KLIMP, MIR follows 

their investment decisions. MIR does not follow the projects that get rejected.  ÅF-Consult 

AB (2007) random selected around 100 out of around 500  rejected  projects that do  not 

belong to “administration ” or “information” group of the projects from 2003-2004, asked 

follow up question on their investment decisions, i.e. whether the proposed project get carried 

out when these projects are rejected for KLIMP grant .  
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To match with the control group, for the treatment group, we keep observations on projects 

from 2003-2004 that do not belong to “administration” or “information” group. This gives us 

a sample of 337 observations, 253 in the treatment group, and 84 in the control group. In the 

treatment group, 75% of the proposed projects got carried out. And in the control group, 26% 

of the proposed projects got carried out.  

Descriptive statistic 

Table 1 shows the descriptive statistics for the continuous variables that were used/tested as 

the observed explanatory factors, and   
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Table 2 shows the descriptive statistics for the discrete variables that were used/tested as the 

observed explanatory factors. The four groups are: K1I1 (the projects that get granted for 

KLIMP and get implemented), K1I0 (the projects that get granted for KLIMP but did not get 

implemented), K0I1 (the projects that get rejected for KLIMP but however get implemented 

anyway), and K0I0 (the projects that get rejected for KLIMP and did not get carried out). The 

first two groups (K1I1, K1I0) form the treatment group. And the last two groups (K0I1, K0I0) 

form the control group.  For a description of the meaning of the variables please see table x in 

appendix.  

Table 1 Descriptive statistic for the continuous variables 

groups  geAM livslngd 
Yearly 
benefit Mi Mi_sq 

Co2 
reduction share 

  (MSEK/ton) (year) (SEK) (MSEK) (MSEK^2) (TON) (%) 

K1I1 
(Sample 
size: 
192) 

mean 0.0008 18.0208 325.5608 13.3652 622.1521 1400.00 0.2717 
sd 0.0014 9.1268 1.10E+03 21.115 2.00E+03 2700.00 0.1102 
median 0.0002 20 0 5.2 27.04 331.12 0.3 
min 0 0 0 0.1 0.01 0.00 0.05 
max 0.0101 50 8.80E+03 125 1.60E+04 20000.00 0.75 

K1I0 
(Sample 
size: 61) 

mean 0.0005 19.0492 263.1195 8.7622 399.4174 1300.00 0.2653 
sd 0.0011 9.2293 1.40E+03 18.1113 1.70E+03 2600.00 0.0958 
median 0.0002 20 0 3 9 270.09 0.3 
min 0 4 0 0 0 0.00 0.1335 
max 0.0077 50 1.00E+04 112 1.30E+04 14000.00 0.5 

K0I1 
(Sample 
size: 22) 

mean 0.0032 20.2727 287.2685 15.4627 820.9033 1800.00 0 

sd 0.0102 9.5478 914.3332 24.6883 2.10E+03 3500.00 0 
median 0.0002 20 0 5.15 31.145 146.00 0 
min 0.0001 0 0 0.3 0.09 0.00 0 
max 0.0413 40 4.10E+03 97.3 9.50E+03 12000.00 0 

K0I0 
(Sample 
size: 62) 

mean 0.0013 17.4516 218.3387 8.8819 510.9969 757.87 0 
sd 0.0039 8.6074 971.9179 20.9569 2.40E+03 1600.00 0 
median 0.0002 20 0 3.175 10.0813 75.00 0 
min 0 0 0 0.07 0.0049 0.00 0 
max 0.025 50 7.20E+03 125 1.60E+04 7800.00 0 

Total 
(Sample 
size:337) 

mean 0.001 18.2493 292.0323 11.8441 574.3601 1300.00 0.2021 
sd 0.0031 9.0687 1.10E+03 20.8655 2.00E+03 2600.00 0.1495 
median 0.0002 20 0 4 16 243.11 0.2 

min 0 0 0 0 0 0.00 0 
max 0.0413 50 1.00E+04 125 1.60E+04 20000.00 0.75 
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Table 2 Descriptive statistics for the discrete variables 

index Transportverket Naturvårdsverket Boverket Energimyndigheten private 2003 2004 

K1I1 41 11 26 114 43 72 120 
K1I0 16 7 2 36 22 18 43 
K0I1 5 3 2 12 5 13 9 
K0I0 10 8 7 37 19 25 37 

Total 72 29 37 199 89 128 209 
 

The KLIMP decision process is: applications of KLIMP grant were sent to the Swedish EPA 

for initial evaluations, depending on the types of the project, Swedish EPA distribute the 

applications to several government authorities for final decision of whether or not giving grant 

for the projects that applied for KLIMP grant. These authorities include Banverket, Boverket, 

Energimyndigheten, Jordbruksverket, Naturvårdsverket, Sjöfartsverket, and Vägverket. In our 

sample: There is only 1 application that was sent to Banverket and 1 application that was sent 

to Sjöfartsverket, and 70 applications that were send to Vägverket. Because the similarities of 

the type of the projects (mainly changing energy source), we merge these three groups 

together, and call the new group Transportverket. There were 37 applications that were sent to 

Boverket for final grant decision. 199 applications that were sent to Energimyndigheten for 

final grant decision. There are 22 applications were kept at the Swedish EPA for final 

decision, 1 application was sent to Jordbruksverket for final decision, and we do not have 

information on which government authority the applications were sent to for 6 applications; 

these 29 applications were categorized as “Naturvårdsverket or other government authorities”. 

We use the four dummy variables: “Transportverket”, “Energimyndigheten”, “Boverket”, and 

“Naturvårdsverket or other government authorities” to indicate the types of projects.  

One of the most important factors for government authorities’ grant decision is the grant-

efficiency of each project (geAM), where the grant-efficiency is calculated as the annuity4 of 

the amount of grant applied (MSEK) divided by yearly CO2-equivalent (ton). However, if a 

project has high grant-efficiency, but the type of project is already widely implemented in the 

market, the government authority would still reject the project. Since KLIMP priorities 

projects that have new technology, and if a type of project is widely implemented, this suggest 

both that the type of project is unlikely to be new technology and probably it would not be 

additional since without the financial help of the KLIMP grant, it is already widely 

                                                 
4 Annuity factor... 
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implemented in the market. This explains why the projects in the control group (both K0I1 

and K0I0) have relatively high grant-efficiciency but still gets rejected for KLIMP grant.  

Results 

For the KLIMP grant decision, it is the grant-efficiency not the absolute number of amount of 

grant applied or the yearly CO2-equivalent emission reductions that matter5.  For the 

investment decision of the project owners, we want to test whether the yearly emission 

reductions, yearly benefit, and lifespan have impact on the investment decision. M1I2 is the 

base model, adding the three variables mentioned earlier separately, or different 

combinations, or interaction term with the variable private all do not have significant impact 

on the investment decision. We also tested whether the how much the total environment 

investment costs were covered by the amount of grant given matters for the investment 

decision. The results show that this does not matter for the investment decision either. All of 

the model specifications have insiginificant rho, which suggest the investment decision can be 

estimated independently in a probit model.  

Table X shows Probit model results for the same variables chosen for the investment decision 

part of the Sample-selection model also show that yearly CO2-equivalent emission 

reductions, yearly benefit, and lifespan, or the interaction terms of these variables with 

variable private do not have significant impact on investment decision. However, in the single 

probit model for investment decision, variables Energimyndigheten and Transportverket do 

not have significant impact on investment decision.  

Table X shows Probit model results for similar model specifications except 

Energimyndigheten and Transportverket. We also test whether under these model 

specifications for equation (2), the sample selection model have significant rho. The results 

show that rho is insignificant for these model specifications also (See Appendix).   

The model specification that we selected for calculating additionality is PM1I2 in table X. 

The additionality is around 60 percent.  

 

 

 

  

                                                 
5 We tested both total amount of grant applied and yearly CO2-equivalent emission reductions, and none of the 

variables have significant impact on KLIMP decision.  
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Table 3 sample selection model 1 (with all authorities) 

Variable S1M2 S1M2 S1M3 S1M4 S1M5 S1M6 S1M7 

klimp        

geAM -70.3825* -71.7736* -72.4762* -74.7393* -71.8557* -73.4244* -74.8532** 

 (36.7539)  (37.7127) (38.1820) (38.3186) (37.5966) (37.5980) -(38.1632) 

transportv~t 0.7930** 0.7864** 0.7823** 0.7863** 0.7855** 0.7871** 0.7850** 

 (0.3480) (0.3475) (0.3474) (0.3485) (0.3473) (0.3485) (0.3483) 

energimynd~n 0.2949 0.2938 0.2898 0.2915 0.2943 0.2951 0.2922 

 (0.2975) (0.2980) (0.2979) (0.2987) (0.2978) (0.2989) (0.2985) 

boverket 0.8639** 0.8745** 0.8776** 0.8777** 0.8730** 0.8709** 0.8757** 

 (0.4205) (0.4233) (0.4246) (0.4236) (0.4226) (0.4218) (0.4227) 

natur_othe~t (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) 

expectedmiM 0.0195* 0.0195* 0.0194* 0.0196* 0.0195* 0.0197* 0.0196* 

 (0.0111) (0.0111) (0.0110) (0.0111) (0.0111) (0.0111) (0.0111) 

expected~Msq -0.0002* -0.0002* -0.0002* -0.0002* -0.0002* -0.0002* -0.0002* 

 (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

_cons 0.2839 0.2856 0.2895 0.2869 0.2854 0.2837 0.2869 

 (0.3005) (0.3005) (0.3002) (0.3011) (0.3004) (0.3015) (0.3009) 

investment2       

expectedmiM 0.0336*** 0.0330*** 0.0327*** 0.0381*** 0.0334*** 0.0383*** 0.0385*** 

 (0.0108) (0.0119) (0.0119) (0.0127) (0.0120) (0.0127) (0.0128) 

expected~Msq -0.0003** -0.0003** -0.0003** -0.0003*** -0.0003** -0.0003*** -0.0003*** 

 (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

klimp 0.1417 0.0216 -0.023 0.0243 -0.0484 -0.0135 -0.0492 

 (0.9395) (0.8765) (0.8727) (0.7913) (0.8861) (0.8355) (0.8049) 

transportv~t 0.7602** 0.7864** 0.7840** 0.7626** 0.7796** 0.7588** 0.7539** 

 (0.3530) (0.3445) (0.3433) (0.3476) (0.3459) (0.3499) (0.3495) 

energimynd~n 0.6047** 0.6176** 0.6028** 0.6635** 0.6424** 0.6749** 0.6925** 

 (0.2912) (0.2906) (0.2897) (0.2978) (0.3033) (0.3071) (0.3122) 

boverket 1.3335*** 1.4062*** 1.4192*** 1.5427*** 1.4132*** 1.5128*** 1.5503*** 

 (0.4154) (0.4152) (0.4141) (0.4300) (0.4171) (0.4304) (0.4317) 

natur_othe~t (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) 

private -0.2544 -0.2464 -0.1826 -0.4384 -0.2456 -0.2817 -0.4573 

 (0.1913) (0.1889) (0.2103) (0.4271) (0.1887) (0.1917) (0.4334) 

2003 0.3344* 0.3782** 0.3887** 0.3930** 0.3779** 0.3783** 0.3937** 

 (0.1748) (0.1837) (0.1852) (0.1826) (0.1837) (0.1820) (0.1828) 

2004 (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) 

expectedco~T 0.0357 0.0563 0.0485 0.0354 0.028 0.048 

  (0.0349) (0.0485) (0.0503) (0.0350) (0.0359) (0.0505) 

yearlynettoT -0.0001 -0.0001 -0.0001 -0.0001 -0.0001 -0.0001 

  (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

livslngd    -0.0159  -0.013 -0.0162 

    (0.0108)  (0.0093) (0.0109) 

p_expected~T  -0.0458 -0.0435   -0.0431 

   (0.0636) (0.0654)   (0.0656) 

p_yearlyne~T  0.0001 0.0001   0.0001 
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   (0.0001) (0.0001)   (0.0001) 

p_livslngd   0.0117   0.0127 

    (0.0195)   (0.0199) 

share     0.308 0.2503 0.3399 

     (1.0359) (1.0381) (1.0555) 

_cons -0.6882 -0.6521 -0.63 -0.4243 -0.6783 -0.4882 -0.4521 

 (0.7697) (0.7553) (0.7600) (0.6651) (0.7600) (0.6916) (0.6706) 

athrho 0.7324 0.8286 0.8612 0.8118 0.8212 0.7941 0.8006 

 (0.6763) (0.6921) (0.7151) (0.6154) (0.6826) (0.6221) (0.6061) 

Rho 0.6245 0.6797 0.6969 0.6706 0.6757 0.6607 0.6643 

 (0.4125) (.3724) (0.3678) (0.3387) (0.3709) (0.3505) (0.3386) 

p (likelihood-
ratio test) 0.2996 0.2417 0.2303 0.1959 0.2423 0.2132  0.1975 

N 282 282 282 282 282 282 282 

 
Table 4 Probit model with all the authorities 

Variable P1M1 P1M2 P1M3 P1M4 P1M5 P1M6 P1M7 

expectedmiM 0.0329*** 0.0338*** 0.0339*** 0.0375*** 0.0344*** 0.0375*** 0.0376*** 

 (0.0109) (0.0126) (0.0127) (0.0132) (0.0127) (0.0132) (0.0133) 

expected~Msq -0.0003** -0.0003** -0.0003** -0.0003** -0.0003** -0.0003** -0.0003** 

 (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

klimp 1.3667*** 1.4063*** 1.4020*** 1.3983*** 1.1574*** 1.1658*** 1.1513*** 

 (0.1786) (0.1806) (0.1809) (0.1809) (0.3417) (0.3412) (0.3432) 

transportv~t 0.3364 0.2882 0.2795 0.2889 0.2994 0.3044 0.3029 

 (0.3134) (0.3224) (0.3226) (0.3252) (0.3245) (0.3262) (0.3271) 

boverket 0.9310** 0.9038** 0.9116** 0.9772** 0.9487** 0.9980** 1.0227*** 

 (0.3735) (0.3820) (0.3818) (0.3899) (0.3874) (0.3920) (0.3944) 

energimynd~n 0.4007 0.3267 0.3132 0.3694 0.4268 0.4655 0.471 

 (0.2758) (0.2830) (0.2836) (0.2923) (0.3004) (0.3045) (0.3104) 

natur_othe~t (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) 

private -0.3196 -0.3113 -0.2642 -0.3367 -0.2614 -0.2821 -0.3911 

 (0.1841) (0.1889) (0.2125) (0.4295) (0.1908) (0.1924) (0.4358) 

2003 0.3260** 0.4143** 0.4261** 0.4119** 0.4180** 0.4070** 0.4201** 

 (0.1631) (0.1704) (0.1717) (0.1722) (0.1725) (0.1728) (0.1743) 

2004 (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) 

expectedco~T 0.0151 0.0352 0.0277 0.0125 0.0069 0.0298 

  (0.0398) (0.0547) (0.0560) (0.0397) (0.0405) (0.0559) 

yearlynettoT -0.0001 -0.0001 -0.0001 -0.0001 -0.0001 -0.0001 

  (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

livslngd    -0.0113  -0.0093 -0.0113 

    (0.0104)  (0.0092) (0.0105) 

p_expected~T  -0.0476 -0.0446   -0.0508 

   (0.0731) (0.0737)   (0.0738) 

p_yearlyne~T  0.0001 0.0001   0.0001 

   (0.0002) (0.0002)   (0.0002) 

p_livslngd   0.0026   0.0091 
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    (0.0204)   (0.0209) 

share     0.9694 0.9235 0.9523 

     (1.0610) (1.0569) (1.0639) 

_cons -1.3146*** -1.3083*** -1.3130*** -1.1484*** -1.3899*** -1.2499*** -1.2330*** 

 (0.3199) (0.3280) (0.3292) (0.3613) (0.3375) (0.3644) (0.3701) 

N 337 335 335 335 333 333 333 

Pseudo R2 0.2036 0.2115 0.2127 0.2159 0.2156 0.2179 0.2196 

Phat1 0.7579 0.7640 0.7642 0.7649 0.7702 0.7708 0.7712 

Phat0 0.2842 0.2800 0.2829 0.2869 0.3683 0.3675 0.3747 

ATT 0.4737 0.4840 0.4814 0.4780 0.4019 0.4033 0.3965 

additionality 62.50% 63.35% 62.99% 62.49% 52.18% 52.32% 51.42% 
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Table 5 Probit model with only boverket 

Variable P2M1 P2M2 P2M3 P2M4 P2M5 P2M6 P2M7 

expectedmiM 0.0316*** 0.0330*** 0.0331*** 0.0362*** 0.0330*** 0.0354*** 0.0353*** 

 (0.0106) (0.0123) (0.0125) (0.0130) (0.0125) (0.0129) (0.0131) 

expected~Msq -0.0003** -0.0003** -0.0003** -0.0003** -0.0003** -0.0003** -0.0003** 

 (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

klimp 1.3841*** 1.4251*** 1.4188*** 1.4178*** 1.3228*** 1.3464*** 1.3350*** 

 (0.1779) (0.1798) (0.1801) (0.1802) (0.3133) (0.3138) (0.3148) 

boverket 0.5844** 0.6133** 0.6333** 0.6550** 0.6022** 0.6227** 0.6439** 

 (0.2768) (0.2795) (0.2801) (0.2814) (0.2805) (0.2817) (0.2823) 

private -0.3029* -0.3005* -0.2478 -0.231 -0.2413 -0.2511 -0.2353 

 (0.1703) (0.1746) (0.1963) (0.4058) (0.1794) (0.1801) (0.4099) 

2003 0.3025* 0.4002** 0.4133** 0.3997** 0.4089** 0.4000** 0.4141** 

 (0.1618) (0.1700) (0.1713) (0.1719) (0.1722) (0.1726) (0.1741) 

2004 (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) 

expectedco~T 0.0103 0.0329 0.0267 0.0073 0.0023 0.0295 

  (0.0394) (0.0539) (0.0549) (0.0394) (0.0401) (0.0547) 

yearlynettoT -0.0001 -0.0001 -0.0001 -0.0001 -0.0001 -0.0001 

  (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

livslngd    -0.0086  -0.0073 -0.0078 

    (0.0101)  (0.0090) (0.0102) 

p_expected~T  -0.0531 -0.0525   -0.0611 

   (0.0724) (0.0727)   (0.0728) 

p_yearlyne~T  0.0001 0.0001   0.0001 

   (0.0002) (0.0002)   (0.0002) 

p_livslngd   -0.0013   0.0029 

    (0.0199)   (0.0203) 

share     0.4391 0.346 0.3589 

     (0.9389) (0.9404) (0.9417) 

_cons -0.9714*** -1.0248*** -1.0416*** -0.8935*** -1.0409*** -0.9127*** -0.9239*** 

 (0.1951) (0.2008) (0.2034) (0.2690) (0.2019) (0.2553) (0.2722) 

N 337 335 335 335 333 333 333 

Pseudo R2 0.1988 0.2085 0.2099 0.2122 0.2108 0.2123 0.2141 

Phat0 0.7585 0.7645 0.7647 0.7653 0.7706 0.7712 0.7714 

Phat1 0.2761 0.2721 0.2758 0.2780 0.3093 0.3030 0.3089 

ATT 0.4824 0.4924 0.4889 0.4873 0.4613 0.4682 0.4625 

additionality 63.60% 64.40% 63.93% 63.67% 59.86% 60.71% 59.95% 
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Discussions 

This paper applies sample selection model on data of projects that get granted for KLIMP 

grant (the treatment group) and projects that applied for but get rejected for KLIMP grant (the 

control group) to estimate the additionality of KLIMP grant. Our results show no sample 

selection bias. A single probit model on the investment decision show that a project that is 

granted for KLIMP would have been carried out without the KLIMP grant (phat0) is around 

30 percent, the probability that this project would be carried out with KLIMP grant (phat1) is 

around 75 percent, the averaged treatment effect of KLIMP (ATT) is around 45 percent. And 

the addtionality is calculated as ATT/phat1, indicating how big a share the probability that a 

project that gets granted for KLIMP would be implemented is caused by KLIMP.  The 

additionality of KLIMP grant is around 60 percent.  

 

Note that since we do not have data on the investment decision of the projects that applied for 

KLIMP grant and get rejected for year 2005-2008. We use a sample that contains information 

of the treatment group and control group only from 2003-2004 to study the additionality of 

KLIMP, assuming this could represent the patterns of investment behavior of other years. The 

results would be improved by using the full data, but due to time limitation we could not test 

this.  

 

The insignificant of variable yearly benefit and the yearly emission s of the project suggest 

that for both the private sector and the public sector, it is not the financial benefit of changing 

energy source to a cheaper alternative or the tax saved by reducing CO2 emissions that matter 

for the investment decision. It seems that only as long as the projects are “Green”, it is only 

the cost of environment investment and whether or not get granted for KLIMP grant that 

matters for the investment decision.   
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1 Appendix 

Table 6 Sample selection model (with only boverket) 

Variable S2M1 S2M2 S2M3 S2M4 S2M5 S2M6 S2M7 

klimp        

geAM -67.4064 -69.6169* -70.0938* -74.0700* -69.071 -72.9465* -73.8227* 

 (44.6249) (41.3926) (41.0217) (38.1461) (42.3880) (38.3843) (38.3537) 

transportv~t 0.8609* 0.8210* 0.8122* 0.7128 0.8316* 0.743 0.7232 

 (0.5150) (0.4954) (0.4862) (0.4586) (0.5051) (0.4603) (0.4618) 

energimynd~n 0.3262 0.2897 0.2823 0.1917 0.2992 0.2197 0.2021 

 (0.4612) (0.4281) (0.4142) (0.3873) (0.4368) (0.3904) (0.3909) 

boverket 0.8176* 0.7984* 0.7945* 0.7397* 0.8036* 0.7565* 0.7467* 

 (0.4402) (0.4411) (0.4373) (0.4416) (0.4409) (0.4410) (0.4419) 

natur_othe~t (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) 

expectedmiM 0.0217* 0.0211* 0.0210* 0.0199* 0.0212* 0.0203* 0.0200* 

 (0.0129) (0.0123) (0.0122) (0.0117) (0.0124) (0.0117) (0.0117) 

expected~Msq -0.0002* -0.0002* -0.0002* -0.0002* -0.0002* -0.0002* -0.0002* 

 (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

_cons 0.2393 0.2778 0.2859 0.3774 0.2679 0.3495 0.3675 

 (0.4823) (0.4443) (0.4318) (0.3943) (0.4553) (0.3986) (0.3983) 

investment2       

expectedmiM 0.0259* 0.0279* 0.0278** 0.0350** 0.0274* 0.0342** 0.0346** 

 (0.0147) (0.0143) (0.0142) (0.0137) (0.0151) (0.0140) (0.0140) 

expected~Msq -0.0002 -0.0002 -0.0002 -0.0003** -0.0002 -0.0003** -0.0003** 

 (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

klimp 1.5011 1.3343 1.2887 0.8661 1.4111 1.0435 0.9461 

 (1.7173) (1.4868) (1.4213) (1.1394) (1.6563) (1.2791) (1.2614) 

boverket 0.6631* 0.7459** 0.7813** 0.8981** 0.7438** 0.8625** 0.9006** 

 (0.3912) (0.3683) (0.3655) (0.3519) (0.3730) (0.3556) (0.3536) 

private -0.3241 -0.3167 -0.2445 -0.4044 -0.3199 -0.3441* -0.4067 

 (0.1996) (0.1967) (0.2264) (0.4388) (0.1998) (0.1946) (0.4404) 

2003 0.3713** 0.4342** 0.4509** 0.4390** 0.4351** 0.4251** 0.4410** 

 (0.1782) (0.1861) (0.1880) (0.1885) (0.1862) (0.1872) (0.1889) 

2004 (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) (omitted) 

expectedco~T 0.0279 0.0536 0.0439 0.0281 0.0196 0.0441 

  (0.0404) (0.0554) (0.0559) (0.0405) (0.0409) (0.0561) 

yearlynettoT -0.0001 -0.0001 -0.0001 -0.0001 -0.0001 -0.0001 

  (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) 

livslngd    -0.0153  -0.0136 -0.0153 

    (0.0111)  (0.0099) (0.0111) 

p_expected~T  -0.0586 -0.0558   -0.0557 

   (0.0746) (0.0740)   (0.0742) 

p_yearlyne~T  0.0001 0.0001   0.0001 

   (0.0002) (0.0002)   (0.0002) 

p_livslngd   0.0076   0.0074 

    (0.0212)   (0.0213) 

share     -0.1199 -0.1991 -0.1552 
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     (1.0454) (1.0259) (1.0258) 

_cons -1.0786 -1.0033 -0.9964 -0.421 -1.0341 -0.5155 -0.4457 

 (1.2938) (1.1237) (1.0790) (0.9200) (1.1743) (0.9357) (0.9372) 

athrho -0.0754 0.032 0.0542 0.2885 0.005 0.2216 0.2659 

_cons (1.0721) (0.8772) (0.8306) (0.6494) (0.9343) (0.6755) (0.6663) 

Rho -1 -.1504335 -.0681174 .2452765 -1 .1712859 .2193505 

 3.37e-12 2.139763 1.197466      .6506513 2.33e-09    .7127822 .68154 

p 0.1463 0.9183 0.9514 0.7363 0.1538 0.8242 0.7702 

N 282 282   282 282 282 282 282 
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Estimating value of time savings for freight transport: A simultaneous decision model of 

transport mode choice and shipment size 

Xing Liu 

Mar 19, 2013  

Abstract 

Value of time savings (VTTS) for freight is a critical component of Cost-Benefit 

Analysis of transport projects and policies. Compared to personal travel value of time, 

fewer studies have been done on freight VTTS. There are several difficulties related to 

freight VTTS studies: firms’ lack of incentives in revealing information that matters for 

their competition powers; the complexity of nature of freight transport itself; what’s 

more, the existing studies on freight VTTS tend to neglect the dependence of transport 

mode choice and shipment size choice.  

This paper applies a simultaneous decision model of transport mode choice 

and shipment size choice on a dataset that is merged from the Swedish Commodity 

Flow Survey data (CFS) 2001, and network information from the Swedish national 

freight transport model (Samgods) to study the VTTS of Swedish shippers for four 

commodity groups: agriculture goods, forest goods, mining goods, and manufactured 

goods.  

Key Words: VTTS, simultaneous decision model, random utility model, logistic cost 

minimization.   
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1. Introduction 

To reach a more efficient and environmentally friendly freight transport 

system, different policies and infrastructure projects are under consideration. The 

value of time savings (VTTS) is one of the most important behavior parameters in 

transport policy evaluation. Over the past few decades, a large literature has appeared 

in estimation person travel VTTS, however, fewer studies can be found in freight 

transport VTTS. 

The Value of Time Saving (VTTS) for freight transport is defined as “the 

marginal utility that derives from a unit reduction in the amount of time necessary to 

move a particular quantity of goods from one origin to a destination” (Zamparini and 

Reggiani 2007). Several factors contribute to VTTS, such as: inventory capital costs 

associated with freight holding and transit time cost of vehicle and driver (Austroads 

2003). Also, shorter transport time allows firms to concentrate production 

geographically and thus generates economies of scale; quicker delivery increases 

customers’ satisfaction and hence firms’ market competitive power (Zamparini and 

Reggiani 2007).  

There are several difficulties in estimating freight VTTS: Firms are lack of 

incentives of revealing information that is related to their market competitive power, 

which makes it difficult to collect data needed to estimate freight VTTS (Zamparini and 

Reggiani 2007b). The complexity of the nature of freight transport itself makes it 

difficult to estimate its VTTS: Freight activities generally involve several actors: 

senders, carriers and receivers. These actors value VTTS differently (Table 1).  

Table 1 VTTS components for different actors in a logistic chain.  

 VTTS related to cargo VTTS related to vehicle and 

staff 

Shippers 

(senders, 

receivers) 

Inventory capital costs, 

deteriorations, other economic 

benefits 

Not included 

Carriers Not included Proportional to factor costs 
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What’s more, transport mode decisions are made simultaneously with 

shipment size decisions; simply estimating VTTS based on transport mode choice 

information leads to bias. Freight in transit can be considered as inventory on wheels, 

so longer transit time yields a larger in-transit inventory (Baumol and Vinod 1970), 

hence higher inventory capital costs. Choosing a faster transport mode can reduce 

transport time, but faster transport modes tend to have smaller vehicle capacity and 

higher transport rates. On the other hand slower transport modes can handle larger 

shipment sizes at a lower transport rate, but this yields longer stocking time at the 

factory, and thus composes a higher stocking costs in the warehouse. The dependence 

of transport mode choice and shipment size choice makes it necessary to study these 

two choices simultaneously to correctly estimate freight VTTS.  

This paper studies freight VTTS using a two-step simultaneous decision model 

of the discrete transport mode choice and continuous shipment size. A dataset is 

constructed merging information from the Swedish Commodity Flow Survey data (CFS) 

2001 and the network information from the Swedish national freight transport 

(Samgods) model. This study focuses on long distance outgoing shipments from 

Sweden, and use truck, rail or sea as transport modes.  

This paper contributes to freight VTTS studies in several ways. 1) The data. 

This study makes use of the Swedish Commodity Flow Survey data. This is a large scale 

dataset that covers several different sectors. Information on transport mode choices, 

shipment size choices, value, cargo type, location of the origin and destination are 

registered in this data. Detailed information on real shipment choices at this large scale 

is relatively rare in freight VTTS studies. 2) The model. We use a two-step model to 

study transport mode choices and shipment size choices simultaneously to estimate 

freight VTTS. Simultaneous transport mode and shipment size choice models have 

been explored before in several studies: De Jong and Johnson, 2009; McFadden, et al., 

1985; Abdelwahab, 1998; Holguin-Veras, 2002; de Jong and Ben-Akiva, 2007; Marcos 

and Martos, 2004. However, these studies focus more on the methodology of modal 

choice studies rather than estimating an empirical result on freight VTTS. Simultaneous 

decision model of transport mode and shipment size choices is rarely seen in empirical 

freight VTTS studies.  
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De Jong and Johnson (2009) has applied a two-step transport mode and 

shipment size simultaneous decision model on this dataset. We build our study on this 

work. Our study differs from/ expands De Jong and Johnson (2009) in several ways: 1) 

Random utility models are commonly used in freight transport choice studies. De Jong 

and Johnson (2009) model the transport mode choice (the second step in their model) 

also as a utility maximization problem where the total logistic cost of a shipment is a 

component of the utility. However, since the Swedish CFS does not several factors that 

are important in calculating the logitstic cost (for example: information on total 

transport demand of a shipper, frequency of ordering cost, storage cost), assumptions 

on these factors were made in De Jong and Johnson (2009) in order to calculate the 

logistic cost explicitly. The present paper uses a cost minimization approach, treating 

the logistic cost as a latent variable. As it is shown later on in Section 4, logistic cost of 

a shipment can be seen as a linear function of transport time, transport costs, size of 

shipper, value of good, with an unknown stochastic term. This approach avoids the 

extra assumptions needed in the utility maximization approach in De Jong and Johnson 

(2009). 

2) We test whether shipments transport mode choice for goods from different 

commodity groups value transport time differently. We focus on the Swedish outgoing 

long distance shipments. Four main commodity groups are explored seperately. We 

also include interaction terms between transprot time and different cargo types within 

each commodity group, interaction term of transport time and whether the shipments 

belong to firms that belong to the “largest1” group. This allows us to calculate the VTTS 

for different types of cargos in each of the main sectors explicitly.  

We find that VTTS differ among the four commodity groups we looked into. 

We find also that for agriculture goods and mining goods, shipments from the “largest” 

firm group value transport time less compare to shipments not from this group of 

firms. We find also that VTTS for different cargo types of shipments from these two 

commodity groups. 

                                                 
1 Among all the local units that in the total sample of CFS 2001, firms are divided into four size classes. A 

dummy variable “largest” is conducted on this information. Largest=1 if the shipment comes from a firm 

that is in the largest class group in CFS 2001 data, else largest=0. 
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The rest of the paper is organized as follow: Section 2 reviews the literature 

on freight VTTS, section 3 describes the data used, section 4 introduces the 

econometric framework, section 5 demonstrates the results, and section 6 discusses 

the study.  

2. Literature review 

2.1.  Theoretical background 

As reviewed in Zamparini and  Reggiani (2007), similar to person travel VOT 

studies, freight VTTS starts from a utility maximizaiton problem. Assume the profit 

(utility) of a firm that related to a shipment is:   

𝜋 = max 𝑝 𝑞 − 𝑤𝑙 − 𝐶(𝑡, 𝑐, 𝑘) 

Where 𝑝 and 𝑞 are the price and quantity of the transported goods, 𝑤 is the 

wage, 𝑙 is the labor input.  𝐶(. ) is logistic related costs, where 𝑡 is transport time and 𝑐 

is transport cost, k is other factors in logistic costs beside transprot costs, such as: 

inventory cost, handling cost, ordering cost, etc. The freight VTTS equals the marginal 

rate of substitution between transport time and transport costs: 

𝑉𝑇𝑇𝑆 = −
∆𝑐

∆𝑡
= −

𝜕𝑈/𝜕𝑡

𝜕𝑈/𝜕𝑐
 

The logistic choice can also be seen as a cost minimizaiton problem, where the 

logistic cost can be expressed as:  

𝐶 = 𝑚𝑖𝑛𝐶(𝑡, 𝑐, 𝑘) 

In this case, the VTTS equals to: 

𝑉𝑇𝑇𝑆 = −
∆𝑐

∆𝑡
= −

𝜕𝐶/𝜕𝑡

𝜕𝐶/𝜕𝑐
 

2.2. Previous studies 

Two types of methods are often used to estimate freight VTTS: the factor cost 

method and the willingness-to-pay method which uses RP or SP surveyed data. The 

factor cost method estimates the vehicle-operating costs from the reduction of one 

unit of time (Zamparini and Reggiani 2007). The vehicle-operating costs normally 

include: time related vehicle costs, drivers and other workers wages, and the 
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depreciation of goods during transit (Bickel, Burgess et al. 2005). The advantage of the 

factor cost method is that it uses real data, however, these data are normally difficult 

to obtain. The majority of freight VTTS studies therefore use SP surveyed data, which 

allows researchers to study the willingess-to-pay of firms to reduce transit time. There 

are also several difficulties related to SP surveyed data: the results rely on researchers’ 

aiblity to choose and describe the alternatives; there is a hypothetical bias problem; as 

the freight transport chain involve more players than passenger transport, they value 

time savings differently,  it is unclear who to ask to fill in the survey (sender, carrier or 

reciever) of a certain shipment and these may have different valuations of the time 

saved in the transit (Zamparini and Reggiani 2007). Researchers also combine SP and 

RP surveyed data to obtain a more reliable result. Shires and de Jong (2009) find in 

their META-analysis on passenger VTTS that SP and combined SP-RP studies find  lower 

VTTS than cost based studies. 

Halse, Samstad, Killi Flugel and, Ramjerdi (2010) examine the VTTS of shippers 

(hired transport, and own account freight) and carriers using data collected by SP 

surveys and find that VTTS increases with shipment size. Further, carriers have higher 

value of time than shippers, and, among shippers, those with in-house freight have 

higher VTTS than those using hired transport. VTTS is estimated to be 12, 5.7, and 77 

USD per hour per shipment for shippers using hired transport, shippers with in house 

freight and carriers respectively.  

Wigan, Rockliffe et al. (2000) use a contextual stated preference (CSP) 

method. With a multinomial logit model they estimate the VTTS of freight shippers 

that use road freight transport in 1998. This is found to be 1.45 USD per hour per pallet 

for metropolitan multi-drop freight service in Australia. The contextual stated 

preference method is a method where the case values are based on a variation from 

the observed mean values of different attributes. Austroads (2003) also use the CSP 

method, and report for Australia, VTTS ranges from 0.7 – 0.8 USD per hour per pallet 

for inter-capital full truck load; 1.4 – 1.8 USD per hour per pallet for Metropolitan full 

truck load; and 1.1 – 1.4 USD per hour per pallet for Metropolitan multi-drop. 

Fowkes and Whiteing (2006) use the Leeds Adaptive Stated Preference (LASP) 

survey to estimate VTTS. LASP is a software designed to collect adaptive SP data, it has 

been used for freight studies in Great Britain, Cross channel studies, the Netherlands, 
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and Switzerland (Fowkes and Shinghal 2002). The interviewees face four alternatives 

including the current levels of service, two improved alternatives, and an alternative 

set at worse than current levels. The VTTS ranges from 1.58 to 94.8 USD per hour per 

shipment for nine commodity groups. 

Bolis and Maggi (2003) use adaptive SP survey data from 22 firms in Italy and 

Switzerland. The sample is composed by firms that produce perishable goods, 

chemical, machinery, metallurgy and varied goods. Each firm faces 40 hypothetical 

binary choices; VTTS is estimated to be 1.2 USD per ton per hour. 

Ismail, Sayed et al. (2009) list results from 20 VTTS studies from Australia, 

Sweden, Finland, Norway, Germany, US, British Columbia, the Netherlands, and 

France. The VTTS from these studies range from 6.7 to 123 USD per shipment per hour, 

with a mean of 47 USD per shipment per hour. Bergkvist (2001) reviews VTTS for road 

freight in some European countries, ranging between 7.8 – 109 USD per shipment per 

hour. Zamparini and Reggiani (2007) review 46 VTTS studies, with the value from 0.8 – 

45.36 USD per shipment per hour.   

 

3. Data overview 

This paper combines data from the Swedish Commodity Flow Survey data 

(CFS) 2001 with the network information from the Samgods model. CFS 2001 is 

collected by Statistics Sweden (SCB) using two methods: data of forest, diary and sugar 

products are obtained from registered sources; and the data of manufacturing, and 

mining sectors is collected by a sample survey with a 78 percent response rate (SIKA 

2005). CFS 2001 contains information on commodity type, value, weight, transport 

modes, cargo type and origin and destination (OD) of the shipments.  

CFS 2001 uses transport mode chains to describe how the goods are 

transported from origin to destination (for example truck-rail-truck, truck-rail-ferry-

rail-truck, etc.). We borrow the method used by de Jong and Johnson (2009) to simplify 

the vast number of types of transport chain to fit the multinomial logit regression, 

namely: if any part of the total journey is by boat, and the transport chain does not 

contain air mode, we classify the transport of this shipment as sea mode; likewise, if 

any part of the total journey is transported by rail, and the transport chain of the 
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shipment does not contain air nor water mode, the transport mode of the shipment is 

classified as rail; finally, if the total journey is transported by truck only, or by truck and 

ferry, the transport mode of the shipment is classified as truck.  

Next we merge this subsample with the network information from the 

Swedish national freight transport model (Samgods) matching the OD pair to obtain 

transport costs, and time information for the shipments.  

In this paper, we focus on long distance outgoing shipments from Sweden 

that uses truck, rail or sea as transport modes. What is of policy interest is those 

shipments that have more elasticity between transport modes. These are the 

shipments that will be affect the most from different transport policies and 

infrastructure projects. Shipments have shorter distance than 500 km are dominated 

by trucks. In this study we use the sample of shipments that have distance larger than 

500 km. 
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Table 2Table 1 –Table 4 present some summary statistics.  
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Table 2 first reports transport mode shares for each commodity group. The 

mode shares are reported in three ways: choice share, weight share, and value share. 

Overall, for the whole sample, around 60 percent of the shipments are transported by 

truck, 26 percent by rail, and 14 percent by sea. The average shipment size for truck, 

rail and sea are 32 ton, 71 ton, and 141 ton. The difference in average shipment sizes 

for each transport modes adjust the transport mode share in weight term to around 

one third for each transport modes. The transport mode in value terms is also one 

third for each transport mode for the whole sample. This indicates that for the whole 

sample the value density (total value of a shipment divided by total weight of this 

shipment) is similar for each transport mode. However, this is not the case anymore 

when we look at each commodity group separately.  
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Table 3 presents the transport mode share for each value density decile group 

for each commodity group. This table shows the pattern of how shipments from each 

percentile group chooses between the three transport mode shares.  

shows that relationships of transport mode share and value density differ 

across commodity groups. For agriculture goods: the shipments with lowest value 

density and the highest value density have relatively higher rail share; shipments with 

medium value density are dominated by truck transport. For forest goods:  the data 

does not show apparent pattern in how different shipment density decile groups vary 

in mode share; overall, the sea share is relatively higher for the bottom 50 percent 

value density shipments. For mining goods: the higher value density group generally 

have quite high truck share, and the bottom 10 percent value density group has the 

highest sea share. For manufactured goods: the truck share roughly shows a U pattern: 

medium value density group has the lowest truck share, while the lower and higher 

value density groups have relatively higher truck share, and the top 10 percent value 

density group shows a quite high sea share. This pattern helps us in choosing 

explanatory variables in for the transport mode choice model later on. 

For each commodity group, goods are transported as different cargo types. 

Table 4 reports the share of different cargo types for each commodity group. For 

agriculture goods, 68 percent of the shipment are transported as pallet goods, 10 

percent in container, and 23 percent are transported by other or unknown type of 

cargos. For Forest goods, 39 percent of the shipments are transported by “forslingat” 

goods, 25 percent are solid bulk, 36 percent by other or unknown type of cargos. For 

mining goods, 35 percent of the shipments are transport as pallet goods, 29 percent 

are solid bulk, and 12 percent are “forslingat” goods. For manufactured goods, 52 

percent of the shipment are transported in containers, 19 percent as pallet goods, and 

29 percent as other or unknown cargo types. 

One comment on this dataset is that although CFS 2001 is a large scale 

observed dataset with detailed information on shipments. It does not contain 

information on transport time and costs. To estimate freight VTTS, it is then necessary 

to obtain this information from other sources. Also, it is not possible to distinguish 

whether the shipments are transported by hired or in house transport. As several 

studies suggested, the freight VTTS vary between hired and in-house transport. It is not 
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possible to test this in this study. Adding few questions related to transport 

alternatives such as transport cost and time when collecting the Commodity Survey 

Flow data would greatly improve the quality of the data for estimation of freight VTTS.  

4. Econometric framework 

Because of the dependence of transport mode choice and shipment size 

choice, a simultaneous decision model is needed to estimate freight VTTS. There are 

two parts of this model, equation (1) describes the transport mode choice, and 

equation (2) describes the shipment size choice. Since the discrete mode choice and 

continuous shipment size choice are made simultaneously, error terms in equation (1) 

and (2) are correlated, these two equations should then be estimated simultaneously. 

In general this should be estimated using maximum likelihood estimators, however as 

De Jong and Johnson (2009) explained, most statistic software does not allow 

maximum likelihood estimators for simultaneous estimation for both discrete and 

continuous estimations when there are more than two discrete choice alternatives. 

Thus in this study, we follow a two-step approach first suggested by Holguin-Veras 

(2002), and applied by de Jong and Johnson (2009).  

Different from de Jong and Johnson (2009), this study models the transport 

mode choice as a logistic costs minimization problem in order to avoid the extra 

assumptions on the annual demand, transport frequency, discount rate, storage costs, 

etc. needed in de Jong and Johnson (2009).  As argued in Marcos and Martos (2004), 

logistic costs can be seen as a function of transport costs, transit time, shipment size, 

value of the goods, commodity type, and size of the firm. Logistic costs generally 

includes order costs, transport costs, cost of deterioration and damage during transit, 

capital costs of goods during transit, storage costs and capital costs of inventory (de 

Jong and Ben-Akiva 2007). Order costs depend on the total amount of goods 

transported and shipment size; and the size of the firm that is seeking to transport the 

goods and the category that the commodity belongs to can explain the total amount of 

goods that are transported. Cost of deterioration and damage during transit depend 

on value of the goods, shipment size and transiting time. Capital costs of inventory (in 
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stock and in-transit) depend on value of the goods. Storage cost is a function of value 

of the goods and shipment size.  

There are two steps in this model. 

4.1.  Step 1 

Let 𝑦𝑖denote the shipment size of shipment i. The shipment size 𝑦𝑖 can be 

explained by a vector of variables 𝑊𝑖, and 𝛾𝑖 is a vector of parameters to be estimated, 

and  𝜖𝑖 is the error term.  

𝑦𝑖 = 𝛾𝑖𝑊𝑖 + 𝜖𝑖, 𝑤ℎ𝑒𝑟𝑒 𝑖 = 1, … , 𝑁.                      (1)                                

Following the work of Holguin-Veras (2002) and de Jong and Johnson (2009), 

we use a variable 𝑉𝑖𝑗 as the instrument variable for shipment size transport mode 

choice estimation. 𝑉𝑖𝑗 is defined as:  

𝑉𝑖𝑗 = 𝑦�̂� − 𝑤𝑗 , 𝑤ℎ𝑒𝑟𝑒 𝑖 = 1, … , 𝑁 𝑎𝑛𝑑 𝑗 = 𝑟𝑜𝑎𝑑, 𝑟𝑎𝑖𝑙, 𝑎𝑛𝑑 𝑠𝑒𝑎. 

Where yî is the estimated value of shipment size, wj is the average shipment 

size of all the shipments choosing transport mode j. 𝑉𝑖𝑗 indicates on how well a 

transport mode fits for a given shipment. The larger differences between the shipment 

size and the average shipment size for this commodity group for a particular transport 

mode, the less likely this transport mode to be chosen. 

4.2.  Step 2 

Assume linear addictive relationship, the total logistic cost of shipment i using 

transport mode j (𝐶𝑖𝑗
∗  ) is described in equation (2).  

𝐶𝑖𝑗
∗ = 𝛼𝑋𝑖𝑗 + 𝛽𝑉𝑖𝑗 + 𝛾𝑗𝑍𝑖 + 𝜀𝑖𝑗, 𝑤ℎ𝑒𝑟𝑒 𝑖 = 1, … , 𝑁; 𝑗 = 𝑡𝑟𝑢𝑐𝑘, 𝑟𝑎𝑖𝑙, 𝑎𝑛𝑑 𝑠𝑒𝑎        

(2)      

Where 𝑋𝑖𝑗 represents characteristics that vary across choice alternatives for 

each shipment, such as: transport costs, transport time, interaction term between 

transport time and cargo type, etc. 𝑉𝑖𝑗 is the instrument variable we calculated from 

step 1. 𝑍𝑖 represents characteristics of shipment i, such as: commodity type, size of the 

firm that shipment i belongs to, commodity type, cargo type, etc. 𝛼, 𝛽, and 𝛾𝑗 are 

parameters to be estimated, and 𝜀𝑖𝑗 is the error term.  
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Recall logit models when there are more than two choice alternatives: When 

variables are alternative specific, the model is called conditional logit. When variables 

are case specific, i.e. only related to characteristics of the shipment itself (not the 

characteristics of the alternatives), the model is called multinomial logit. Coefficients of 

the variables in multinomial logit models are mode specific, they can be interpreted as 

impact of the covariates on choice. A more general case combines the conditional logit 

and multinomial logit models. In our case, 𝑋𝑖𝑗 and 𝑉𝑖𝑗 are the alternative specific 

variables, with coefficients 𝛼 and 𝛽; 𝑍𝑖 includes the case specific variables: 

characteristics related to shipments that do not vary across choice alternatives, with 

alternative-specific coefficients 𝛾𝑗.                

For each shipment i, choice k is chosen among all the choice alternatives. The 

choice probability of shipment i choosing transport mode k can be interpreted by 

𝑝𝑖𝑘 = 𝑝(𝐶𝑖𝑘
∗ ≤ 𝐶𝑖𝑗

∗ ), 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑗 

       = 𝑝(𝛼𝑋𝑖𝑘 + 𝛽𝑉𝑖𝑘 + 𝛾𝑘𝑍𝑖 + 𝜀𝑖𝑘 ≤  𝛼𝑋𝑖𝑗 + 𝛽𝑉𝑖𝑗 + 𝛾𝑗𝑍𝑖 + 𝜀𝑖𝑗), 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑗 

       = 𝑝(𝜀𝑖𝑘 − 𝜀𝑖𝑗 ≤ (𝛼𝑋𝑖𝑗 + 𝛽𝑉𝑖𝑗 + 𝑍𝑖𝛾𝑗) − (𝛼𝑋𝑖𝑘 + 𝛽𝑉𝑖𝑘 + 𝑍𝑖𝛾𝑘)), 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑗 

Denote  𝜀 = 𝜀𝑖𝑘 − 𝜀𝑖𝑗, assuming logistic distribution of 𝜀, it can be shown2 

that:  

𝑝𝑖𝑘 =
exp (−(𝛼𝑋𝑖𝑘+𝛽𝑉𝑖𝑘+𝛾𝑘𝑍𝑖))

∑ exp (−(𝛼𝑋𝑖𝑗+𝛽𝑉𝑖𝑗+𝛾𝑗𝑍𝑖))
𝐽
𝑗=1

                                                                  (3) 

5. Results 

In the first step we estimate shipment size using variables that are not transport mode 

specific (Table 5). After controlling value density decile groups: For agriculture group, 

compare to “other or unknown cargo types”, container cargos and pallet cargos have 

smaller shipment size. Being in the “largest” group does not have significant impact on 

shipment size. For forest goods, compare to “other or unknown cargo types”, solid 

bulk cargo, ceteris paribus, increases shipment size by 8.8 ton, while forslingat goods 

decreases shipment size by 5.8 ton, ceteris paribus. For mining goods, compare to 

“other or unknown cargo types”, solid bulk increases shipment size by 148 ton, pallet 

                                                 
2 The expression can be found on Erlander, 2010; as Erlander referred in his book, the derivation of the 

expression can be found in Luce (1965). 
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and forslingat goods decreases shipment size. For manufactured goods, being 

container goods increases shipment size by 34 ton compare to “other or unknown 

cargo types”, and pallet goods decreases shipment size.  Being “largest” decreases 

shipment size for forest goods, increases shipment size increase shipment size, ceteris 

paribus.   

Table 6– Table 9 present the model estimated results of the combined multinomial and 

conditional logit model for agriculture, forest, mining and manufactured goods. For 

each model specification in each commodity group, both alternative-specific variables 

and shipment specific variables are included. Estimated coefficients, standard errors, 

and odds ratio are reported.  

For alternative-specific variables, the coefficients indicates the marginal utility of these 

variables. For variables that do not vary across alternatives, alternative-specific 

coefficients are reported. The impact of these variables on modal choices can be 

interpreted from their impact on odds-ratios. Keep in mind that different from 

conventional random utility models, the latent variable in this model is the logistic cost 

instead of utility. A positive sign on the coefficient of an alternative-specific variable 

indicates negative marginal utility of this variable. A positive sign on the coefficient of a 

transport mode of a shipment-specific variable decreases the odds-ratio of choosing 

this transport mode.  

Table 6– Table 9, the estimated coefficients for transport cost do not differ significantly 

across commodity group. The coefficients for transport time vary across commodity 

groups. This shows that the marginal utility of time vary for different commodities. 

Interaction terms of transport time and cargo type, and whether or not the shipment 

belongs to “largest” firm are tested. Models with those interaction terms are 

presented under title Model 1 in for each commodity group. If the coefficients of the 

interaction terms are not significant, the insignificant variable are then removed from 

the model, and the results are presented in Model2 (and also in Model 3 for forest 

goods and manufactured goods).  

For agriculture group (Table 3): 
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For both model 1 and model 2 the coefficients of transport cost, time, V have are 

significant and have the expected sign (+). Interaction term of transport time and 

“largest” has significant and negative coefficient, indicating that shipments belongs to 

a firm that belong to “largest” are less sensitive to transport time. The coefficient of 

interaction term of transport time and container is significant and positive, indicating 

larger marginal utility of transport time for container goods. Coefficient of interaction 

of pallet goods and transport time is not significant.  

Model 2 presents the result when interaction term of transport time and pallet cargos 

is removed from the model. Being in the top 10 percent of the value density group 

increases the odds ratio of choosing truck compare to the base mode (sea) by 17 

times, and rail over sea by 26 times. And being in the bottom 10 percent of the value 

density group decreases the odds ratio of truck over sea by 95 percent, and rail over 

sea by 80 percent.  

For forest group (Table 4):  

For all three model specifications the coefficients of transport cost, time, V have are 

significant and have the expected sign (+). Interaction term of transport time and the 

dummy variable “largest” and the different cargo types are not significant. This 

indicates that the marginal utility of transport time does not vary for firms belong to 

“largest” and firms that are not. Also solid bulk, forslingat goods and other types of 

cargos do not have different marginal utility of transport time.   

Model 3 present the result when the insignificant interaction terms are removed from 

the model. Model 3 shows that being in the top one third the value density group 

increases the odds ratio of choosing truck compare to the base mode (sea) by 48 

percent, and rail over sea by 93 percent.  

For mining group (Table 5):  

The coefficients of transport cost, time, V have are significant and have the expected 

sign (+).This is similar for transport costs. Interaction term of transport time and 

“largest” has significant and negative coefficient, indicating that the firms that belong 
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to “largest” are less sensitive to transport time compare to firms that are not in this 

group.  

Pallet goods and forslingat goods are more likely to choose Sea as their transport 

modes. Being in the top 10 percent of the value density group increases the odds ratio 

of choosing truck compare to the base mode (sea) by 3.4 times, and rail over sea by 1.5 

times. And being in the bottom 10 percent of the value density group decreases the 

odds ratio of truck over sea by 90 percent, and rail over sea by 94 percent.  

For manufactured goods (Table 6):  

For both model 1 and model 2 the coefficients of transport cost, time, V have are 

significant and have the expected sign (+).The positive sign indicates the larger the 

transport time is, the larger the logistic is, the less probability transport mode j is likely 

to be chosen, keeping all other variables equal. This is similar for transport costs. 

Interaction term of transport time and “largest” has significant and negative 

coefficient, indicating that the firms that belong to “largest” are less sensitive to 

transport time compare to firms that are not in this group. The interaction term of 

transport time and pallet cargos are not significant.  

Model 2 present the result when interaction term of transport time and pallet cargos is 

removed from the model. Being in the top 10 percent of the value density group 

increases the odds ratio of choosing truck compare to the base mode (sea) by 17 

times, and rail over sea by 26 times. And being in the bottom 10 percent of the value 

density group decreases the odds ratio of truck over sea by 95 percent, and rail over 

sea by 80 percent. 

The estimates of transport time, transport costs, the interaction terms of transport 

time and cargo types, and the interaction terms of transport time and “largest” 

dummy are combined to calculate the VTTS for each cargo type of each commodity 

group. The mean and standard derivation of the calculated VTTS is reported in Table X.  

Table 7 shows that the VTTS for mining goods is minimal (0.75 Euro per ton per hour). 

Agriculture goods have the highest VTTS among all three commodity groups (1.41 Euro 

per ton per hour). For agriculture goods, and mining goods, the VTTS is found to be 
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different across cargo types, and whether the shipment belongs firms in the “largest” 

group.  

Several other variables and interaction term of variables are tested. The estimated 

coefficients of these variables are not significant. Adding or removing them from the 

model does not change the sign or size of other coefficients of the variables that are in 

the model. Variables tested include:  

Value of goods. Total value of have small and insignificant estimated coefficients. On 

the other hand value density from different decile groups show significant impact on 

transport mode choices.  

Instead of using value density decile groups, we tried two other variables 1) value 

density, and 2) the square of value density. Neither of these two variables show 

significant coefficients. This can be explained partly by 
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Table 3. As mentioned in data description part, transport mode share show different 

patterns for each commodity type.  

Interaction term between transport cost and cargo types. The estimated coefficients of 

these variables are not significant. This makes sense since the latent variable is logistic 

costs, it is understandable that within each commodity group, after controlling all 

other variables, how a shipment owner value transport cost does not vary between 

cargo types.  

 

6. Discussion 

This study aims to estimate the Swedish freight VTTS for four commodity 

groups. We use a continuous-discrete simultaneous model, taking into account the 

dependence of the shipment size choice and transport mode choice, also the 

interaction between transport time and cargo type. Data merged from CFS 2001, 

network information from the Swedish national freight transport model (Samgods) is 

used for the estimation. The value of time varies both among commodity groups, and 

also different cargo types of each commodity group.  What is more, value of time 

varies between shipments from firms of the “largest” group and firms that are not 

from this group.  

The average VTTS for four commodity groups are calculated to be 1.41, 1.14, 

0.75, and 1.16 per ton per hour for agriculture, forest, mining and manufactured goods 

respectively. VTTS is found to differ across cargo types within a commodity group for 

agriculture and mining goods; shipments from firms that are “largest” and not.  

This study has its limitations. The study is based solely on data that 

describing actual choices (revealed preference) data and information that is connected 

to transport alternatives (transport time, transport cost) are obtained from the 

network information of a large scale freight transport model. Even though the 

collinearity among transport cost and transport time is controlled by including waiting 

and handling time in transport time, the data still cannot full fill the high requirement 
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of applying the random coefficient logit model (mixed logit) model3. Also this data 

cannot account for the reliability (the predictability) of transport time. Since on the 

other hand SP data suffers from the hypothesis bias problem, combining RP data with 

a SP data set with choice experiment could improve the quality of the data.  

As mentioned in the data description section, due to the limitation of the 

data, we cannot distinguish the freight VTTS of hired or in-house transport and also the 

estimation relies on from estimated information on transport time and costs from 

another source. If possible, adding few questions related to transport alternatives such 

as transport cost and time, and whether the shipment is transported by hired or in-

house transportation would greatly improve the quality of the data for the estimation 

of freight VTTS. 

 

 

  

                                                 
3 We tried to compare the results with a two-step random-coefficient (mixed logit) model. Since mixed 

logit model require highly on the data, convergence is not easy to be reached when many dummy 

variables are involved, we could not test all the model specifications that we tried with the conditional 

and multinomial logit. The specifications that reached convergence show no significance of the standard 

derivation of the random parameters.  
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Table 3 Transport mode share for each commodity group by value density decile group.  

 Agriculture  Forest  Mining  Manufactured goods 

 truck rail sea truck rail sea truck Rail sea truck rail sea 

10 64.81 33.33 1.85 57.34 30.07 12.59 79.23 17.69 3.08 44.51 12.2 43.29 

9 70.37 25 4.63 67.83 22.38 9.79 36.15 55.38 8.46 58.66 23.4 17.93 

8 90.38 6.73 2.88 65.28 21.53 13.19 77.69 19.23 3.08 51.37 30.4 18.24 

7 92.5 7.5 0 75.52 20.98 3.5 77.69 16.15 6.15 32.83 31.91 35.26 

6 100 0 0 80.56 11.11 8.33 45.8 40.46 13.74 37.92 36.09 25.99 

5 100 0 0 67.83 15.38 16.78 50.43 45.3 4.27 25.15 64.11 10.74 

4 100 0 0 65.73 19.58 14.69 42.72 39.81 17.48 25.53 72.37 2.1 

3 79.12 19.78 1.1 71.53 12.5 15.97 87.5 8.33 4.17 58.07 24.53 17.39 

2 52.03 47.97 0 55.24 32.87 11.89 78.14 14.06 7.81 67.86 18.75 13.39 

1 71.17 22.52 6.31 75.69 7.64 16.67 35.56 13.33 35.56 69 16.41 14.59 

 

Note: In this table, each row represents one decile group, where 1 represents the lowest value 

density decile group, and 10 represents the highest value density decile group.  
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Table 4 Cargo types for each commodity group. 

Agriculture  Forest  Mining  Manufactured goods 

pallet 68% solidbulk 25% pallet 35% container 52% 

container 10% forslingat 39% solidbulk 19% pallet 19% 

other 23% Other 36% forslingat 12% other 29% 

    other 34%   
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Table 5 Estimation results for shipment size (ton). 

Variables Agriculture1   Agriculture 2 Variables Forest  Variables Mining  Variables 
Manufactured 

goods 

Container -6.848* -5.658* Solid bulk 8.873*** Pallet -33.35*** Container 34.25*** 

 (3.584) (3.192)  (2.450)  (6.691)  (3.146) 

Pallet -5.372*** -5.484*** Forslingat -5.762*** Solid bulk 148.3*** Pallet -11.10*** 

 (1.612) (1.658)  (0.855)  (11.68)  (4.135) 

Largest -5.627  Largest -4.440*** Forslingat -27.94*** Largest 15.93*** 

 (4.043)   (1.702)  (5.827)  (1.253) 

Constant 46.27*** 41.25*** Constant 53.05*** Largest 179.5*** Constant 30.44*** 

 (4.367) (1.410)  (5.439)  (12.05)  (3.245) 

     Constant -167.4***   

      (14.09)   

Observations 1083 1083 Observations 1434 Observations 1302 Observations 3288 

R-squared 0.068 0.066 R-squared 0.035 R-squared 0.420 R-squared 0.066 

 

Note:  

1) Value density decile groups are controlled for all model specifications. 

2) Standard errors are given in parenthesis.  

3) For the coefficients, ***, **, and * denote significance at the one, five and ten percent level 

respectively.  
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Table 6 Alternative-specific conditional logit estimation results for agriculture goods. 

  Model 1 Model 2 

Variables Coef. Std. Err. OR Coef. Std. Err. OR 

Transport cost  0.00214** 0.000946 0.9979 0.00211** 0.000951 0.9979 

Transport time 0.139*** 0.0313 0.8702 0.129*** 0.0314 0.8789 

Container × transport time 0.171*** 0.0586 0.8428 0.188*** 0.0545 0.8286 

Pallet × transport time -0.0196 0.0235 1.0198    

Largest × transport time -0.119*** 0.0345 1.1264 -0.126*** 0.0328 1.1343 

V 0.0784*** 0.00876 0.9246 0.0787*** 0.00879 0.9243 

Truck       

Largest 5.646*** 1.627 0.0035 5.852*** 1.581 0.0028 

Container -2.101 2.158 8.1743 -2.638 2.057 13.9852 

Pallet 0.892 1.060 0.4098 0.279 0.856 0.7565 

Value desntiy in top 10 % -2.861*** 0.726 17.479 -2.849*** 0.730 17.2705 

Value desntiy in bottom 10 % 2.719*** 0.996 0.0659 2.768*** 0.971 0.0628 

Constant 10.77*** 1.927  10.45*** 1.905  

Rail       

Largest 1.833* 1.067 0.1599 1.862* 1.051 0.1554 

container 1.220 0.904 0.2952 0.951 0.866 0.3864 

Pallet -1.297 0.961 3.6583 -1.605* 0.924 4.9779 

Value desntiy in top 10 % -3.274*** 0.706 26.4168 -3.270*** 0.708 26.3113 

Value desntiy in bottom 10 % 1.759* 0.993 0.1722 1.764* 0.968 0.1714 

Constant 3.741** 1.483  3.510** 1.443  

Base mode Sea       

Observations 1083   1083   

 

Note:  

1) Standard errors are given in parenthesis.  

2) For the coefficients, ***, **, and * denote significance at the one, five and ten percent level 

respectively.  
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Table 7 Alternative-specific conditional logit estimation results for forest goods.  

Forest Model 1 Model 2 Model 3 

VARIABLES Coef Std Err OR Coef Std Err OR Coef Std Err OR 

Transport cost 0.00450*** (0.000526) 0.9955 0.00452*** (0.000518) 0.9955 0.00453*** (0.000518) 0.9955 

Transport time 0.0772*** (0.0180) 0.9257 0.0740*** (0.0175) 0.9287 0.0493*** (0.00642) 0.9519 

Solid bulk × time -0.00167 (0.0161) 1.0017       

Forslingat × time -0.0118 (0.0129) 1.0119       

Largest × time -0.0271 (0.0184) 1.0275 -0.0291 (0.0183) 1.0295    

V 0.0355*** (0.00435) 0.9651 0.0354*** (0.00431) 0.9652 0.0354*** (0.00432) 0.9652 

          

Vhigh -0.392** (0.196) 1.4799 -0.402** (0.196) 1.4948 -0.396** (0.195) 1.4859 

solidbulk -0.632 (0.718) 1.8814 -0.715*** (0.249) 2.0442 -0.690*** (0.247) 1.9937 

forslingat 0.0284 (0.615) 0.9720 -0.505** (0.229) 1.6570 -0.495** (0.229) 1.6405 

largest 0.940 (0.865) 0.3906 1.033 (0.860) 0.3559 -0.252 (0.290) 1.2866 

Constant 4.968*** (0.799)  4.830*** (0.782)  3.764*** (0.358)  

          

Vhigh -0.650*** (0.216) 1.9155 -0.652*** (0.215) 1.9194 -0.658*** (0.214) 1.9309 

Solid bulk -0.338 (0.407) 1.4021 -0.377 (0.278) 1.4579 -0.365 (0.277) 1.4405 

Forslingat 1.077*** (0.346) 0.3406 0.839*** (0.263) 0.4321 0.852*** (0.263) 0.4266 

Largest  -0.0619 (0.484) 1.0639 -0.0157 (0.478) 1.0158 -0.608** (0.307) 1.8368 

Constant 0.705 (0.447)  0.642 (0.448)  0.149 (0.324)  

 

Note:  

1) Standard errors are given in parenthesis.  

2) For the coefficients, ***, **, and * denote significance at the one, five and ten percent level 

respectively.  
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                    Table 8 Alternative-specific conditional logit estimation results for mining goods.  

mining  

VARIABLES Coef Std Err OR 

cost 0.00338*** (0.000532) 0.9966 

time 0.0336** (0.0167) 0.9670 

Solid bulk × time 0.0354** (0.0159) 0.9652 

Pallet × time 0.0276** (0.0112) 0.9728 

Largest × time -0.0294* (0.0161) 1.0298 

V 0.00512*** (0.000499) 0.9949 

    

largest 0.282 (0.638) 0.7543 

solidbulk -1.212** (0.599) 3.3602 

pallet 0.0696 (0.493) 0.9328 

forslingat 1.627*** (0.473) 0.1965 

Value desntiy in top 10 % -1.213** (0.590) 3.3636 

Value desntiy in bottom 10 % 2.298*** (0.259) 0.1005 

Constant 3.168*** (0.604)  

    

largest -0.163 (0.380) 1.1770 

solidbulk -1.480*** (0.400) 4.3929 

pallet 1.536*** (0.384) 0.2152 

forslingat 2.706*** (0.500) 0.0668 

Value desntiy in top 10 % -0.429 (0.649) 1.5357 

Value desntiy in bottom 10 % 2.722*** (0.285) 0.0657 

Constant 1.178*** (0.388)  

 

Note:  

1) Standard errors are given in parenthesis.  

2) For the coefficients, ***, **, and * denote significance at the one, five and ten percent level 

respectively.  
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Table 9 Alternative-specific conditional logit estimation results for manufactured goods 

manu Model 1 Model 2 Model 3 

VARIABLES Coef Std Err OR Coef Std Err OR Coef Std Err OR 

Transort time 0.00252*** (0.000322) 0.9975 0.00259*** (0.000317) 0.9974 0.00265*** (0.000313) 0.9974 

Transport cost -0.00849 (0.0118) 1.0085 -0.00838 (0.0115) 1.0084 0.0292*** (0.00394) 0.9712 

Container × time 0.0115 (0.00771) 0.9886       

Pallet × time 0.000980 (0.00904) 0.9990       

Largest × time 0.0408*** (0.0119) 0.9600 0.0429*** (0.0117) 0.9580    

V 0.0481*** (0.00395) 0.9530 0.0481*** (0.00393) 0.9530 0.0479*** (0.00390) 0.9532 

          

Largest  -1.902*** (0.488) 6.6993 -1.992*** (0.479) 7.3302 -0.268 (0.237) 1.3073 

Container  -3.068*** (0.463) 21.4989 -2.565*** (0.290) 13.0007 -2.558*** (0.288) 12.9100 

Pallet  -0.0632 (0.393) 1.0652 -0.0191 (0.152) 1.0193 -0.0531 (0.152) 1.0545 

Vlow -0.551*** (0.124) 1.7350 -0.542*** (0.123) 1.7194 -0.512*** (0.122) 1.6686 

valuedensity100 -1.706*** (0.220) 0.1816 -1.708*** (0.221) 0.1812 -1.739*** (0.220) 0.1757 

Constant -0.348 (0.518)  -0.316 (0.497)  1.211*** (0.328)  

          

Largest  0.499* (0.279) 0.6071 0.466* (0.277) 0.6275 1.180*** (0.256) 0.3073 

Container  -2.651*** (0.230) 14.1682 -2.417*** (0.158) 11.2122 -2.401*** (0.157) 11.0342 

Pallet  0.849*** (0.247) 0.4278 0.869*** (0.208) 0.4194 0.858*** (0.208) 0.4240 

Vlow 0.750*** (0.137) 0.4724 0.752*** (0.137) 0.4714 0.752*** (0.137) 0.4714 

valuedensity100 -1.096*** (0.246) 0.3342 -1.094*** (0.246) 0.3349 -1.094*** (0.246) 0.3349 

Constant 0.736** (0.290) 2.0876 0.741*** (0.283) 2.0980 1.366*** (0.269) 3.9196 

 

Note:  

1) Standard errors are given in parenthesis.  

2) For the coefficients, ***, **, and * denote significance at the one, five and ten percent level 

respectively.  
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Table 10 VTTS for four commodity groups (Euro per ton per hour).   

Agriculture Forest Mining Manufactured goods 

Whole group (mean) 1.41 Whole group (mean) 1.14 Whole group (mean) 0.75 Whole group (mean) 1.16 

Whole group (sd) 0.86 Whole group (sd) 0.24 Whole group (sd) 0.28 Whole group (sd) 0.26 

Large other (mean) 0.15   Large other (mean) 0.13   

Large other (sd) 0.47   Large other (sd) 0.27     

Large container (mean) 9.53   Large solid (mean) 1.23   

Large container (sd) 5.31   Large solid (sd) 0.56   

    Large pallet (mean) 0.99   

Other (mean) 6.44   Large pallet (sd) 0.36     

Other (sd) 3.30       

Container (mean) 15.81   Other (mean) 1.05   

Container (sd) 8.04   Other (sd) 0.58   

    Solid bulk (mean) 2.15   

    Solid bulk(sd) 0.82   

    Pallet  (mean) 1.91   

    Pallet  (sd) 0.67   
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Effects from consistent internalization of external effects from transport and 

manufacturing – a CGE analysis for Sweden 

2012 May 

Xing Liu1 

Lars Bohlin2 

 

Abstract: This paper uses a static, small open-economy computable General 

Equilibrium (CGE) model of the Swedish economy to study the effects of consistent 

internalization of external effects from transport and manufacturing. We look at eight 

policy scenarios: first a fully implemented Social Marginal Cost Pricing (SMCP) in 

manufacturing, sea and air transport, road transport, and rail transport; and then SMCP 

in these sectors separately or in various combinations. We evaluate effects on, among 

others, national and global emission reductions, GDP, government budget, and social 

welfare. The results show that the fully implemented SMCP in all sectors generates the 

highest social welfare surplus, largest emission reduction and largest government net 

revenue. When this option is not feasible, society still could benefit from correcting 

prices in or more sectors. Correcting prices only for rail transport generates very small 

social welfare surplus, emission reduction and government revenue; while correcting 

prices only for road transport generates much larger effects in all aspects. Taking into 

consideration that sea and air modes are regulated not only by domestic legislation, the 

findings from this study suggest that the second-best policy scenario could be to correct 

prices for the rail, road and manufacturing sectors.  
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equilibrium. 
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1 Introduction 

Freight transport grows worldwide and contributes significantly to the increase of global 

green-house gas (GHG) emissions. Policy instruments such as fuel taxes, distance-based 

transport charges (km-taxes), road and track user charges, port and sea route charges, 

etc. are used and/or considered in many countries as means to reduce GHG emissions 

and other externalities from transport. On the other hand CO2 emissions from 

manufacturing are also charged through various instruments such as the EU Emission 

Trading System, energy and electricity taxes, carbon dioxide (CO2) taxes, etc. However, 

the mechanisms, interactions, and effects of these instruments are not obvious to 

understand because of the complexity of the dynamic and interactions between different 

sectors of an economy.    

A policy instrument can affect emission levels from both transport and manufacturing 

directly and indirectly no matter which sector this instrument is implemented on, 

because transport is one of the key inputs of production. What’s more, the shifts in 

transport demand from policy reforms affect the cost of energy (and/or electricity) 

economy wide (not just in the transport sector), which could also affect manufacturing 

production level.  

Hence the supply side-oriented transport sector models that are used in national 

infrastructure planning (for instance, the Swedish-Norwegian Samgods model) are not 

sufficient, and a general equilibrium model is necessary, to understand the question – 

how do these instruments that are designed to internalize externalities from transport 

and manufacturing affect emissions, the macroeconomic variables, transport demand, 

social welfare, and government revenue; and to help to find a cost-efficient GHG 

emission reduction policy.  

Previous economy-wide computable CGE models used for climate policy analysis often 

lack some of the detail needed for analyzing important features of transport pricing in 

small open economies (like most EU countries), either because transport is not 

described with enough detail (separating different modes of transport) or because 

foreign trade is not modeled in a realistic way. The combination of both these features is 

essential to recognize the potential effects of SMCP. This paper enriches a CGE model 

(SAINT4) coded for the Swedish economy by disaggregating the transport sector, and 

uses this model to study the effects of SMCP. Eight policy scenarios are studied:  

1) remove tax subsidies for manufacturing industry 

2) remove tax subsidies for sea and air transport 

3) increase infrastructure charges for road transport 

4) increase infrastructure charges for rail transport 

5) combine 1), 2), 3) and 4) 

6) combine 2), 3), and 4) 

7) combine 1), 3), and 4) 

8) combine 3) and 4) 

The results show that the most efficient policy is to correct prices in all sectors; this 

generates the largest welfare effects, emission reductions, and yields the largest tax 

revenue. Correcting prices only in rail transport generates small government revenue, 

emission reduction effects and social welfare effects; while correcting prices only in 

road transport generates larger effects in all perspectives. When combining correcting 
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prices of several sectors or transport modes, the more sectors or transport modes 

involved, the better off the society is.  

The rest of the paper is organized as follow: chapter 2 introduces the background, 

chapter 3 presents the CGE model and the results, and chapter 4 concludes the study.  

 

2 Background 

Transport accounts for 13.8 percent of the annual global GHG emissions (WRI, 2005), 

and 26 percent of global CO2 emissions. In Sweden, transport is the only sector that 

fails to show any substantial reduction of CO2 emissions in any year between 1990 until 

2005 (the decrease of total CO2 emissions in Sweden during this period is close to 7 

percent). On the contrary, transport sector’s CO2 emission is more than 10 percent 

higher in 2005 than in 1990, and has grown from being 32 percent of Sweden’s total 

CO2 emissions in 1990 to 38 percent in 2005. The main explanation for the increasing 

emissions is a dramatic increase in road haulage (Vägverket, 2008a). 

The EU has adopted a dual approach to tackle CO2 emission externalities, EU ETS and 

emission taxes. EU ETS covers emissions from the emission intense industry such as 

energy generating installations, iron and steel works, and factories making pulp, paper, 

glass, etc. The CO2 emissions from the other sectors are subject to carbon taxes. For the 

transport sector, the carbon tax is within the frame of energy tax. The tax is a 

combination of carbon parity and taxes to compensate other externalities. At the same 

time, there are several other transport policy instruments such as congestion taxes, 

infrastructure charges, etc., together with fuel taxes, covering SMC from transport such 

as congestion, noise, accident, operating costs and wear and tear of infrastructure. Table 

1 shows how each sector is subjected to the policy instruments mentioned above.  

Table 1 Climate and transport policy instruments used for different sectors in 

Sweden.  

 EU ETS industry non EU ETS industry Transport Households 

 

Energy 

generating 

industry 

Other EU 

ETS 

industry 

Manufactured 

goods 
Services Road Rail Sea Air  

EU ETS X X        

Fuel tax   L H H H   H 

Electricity tax   L H H L H H H 

Infrastructure 

usage charge 
     L    

Note: X indicates that EU ETS is implemented, L indicates that a lower tax-rate is used 

while H indicates that a higher tax-rate is used. 

 

The heat and electricity generation industries are subject to EU ETS but not carbon 

taxes. Fuel tax rates are differentiated across sectors. Road transport, rail transport, 

households, and services are subject to fuel tax at a higher rate, manufacturing is subject 

to a lower fuel tax rate, while sea transport and air transport are exempted from fuel tax. 

Electricity tax rates are differentiated across sectors as well. Manufacture and rail 

transport pay at a lower electricity tax level, while road transport, sea transport, air 

transport, services and households are charged at a higher electricity tax level. (REF!!)  
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It has been shown that the most efficient tax system is a system that equalizes marginal 

costs for society, with uniform tax rates across sectors and without tax exemption 

(Bruvoll and Larsen 2004, Johansson 2006). In a recent report on the consequences of 

raising track use charges, The Swedish Transportation Administration (2011) (STA) 

calculates the cost of externalities, other than noise and congestion, from road and rail 

transport and the current rates of internalization from existing taxes and charges. STA 

finds the internalization degree to be 101, 50, 58, and 18 percent, for cars, trucks, 

passenger trains, and freight trains, respectively.  Based on estimates of average 

operation costs3, this implies that full internalization of truck and train operations would 

in both cases require a 25 percent increase of the operation cost. We will therefore study 

the effects of removing tax exemptions from manufacturing, sea and air transport, and 

increasing charges for road and rail by 25 percent.   

 

3 CGE-analysis 

3.1 The model 

 

The model used in this study is a static, small open-economy Computable General 

Equilibrium (CGE) called SAINT4, calibrated with a Swedish Social Accounting 

Matrix from 2005 (Bohlin 2010a). Since the focus of our study is on transportation we 

have a more disaggregated transport sector than in previous versions of this model, 

while energy inputs are more aggregated. This version of the model includes 18 

industries producing 27 commodities. SAINT is based upon the small open economy 

assumptions: Sweden is thus assumed to be able to import and export unlimited 

amounts at fixed world market prices. International trade is modelled with the 

Armington/CET assumptions (Armington 1969), i.e. imports are assumed to be 

imperfect substitutes for domestic production and exporting is assumed to be an 

imperfect substitute for selling domestically. Labour supply is assumed constant 

regardless of the real wage. 

 

In all simulations that we conduct with this model, internal and external equilibrium are 

achieved by adapting the household’s marginal propensity to save. Government real 

consumption is fixed, as well as all tax rates that are not subject to the policy. Therefore 

government saving will change. From the change of government saving we are able to 

evaluate the ability of the different reforms to raise revenue. In the balance of payments, 

foreign saving is fixed. Investments are also fixed in quantities, meaning that household 

savings are adjusted as much as needed to finance investments when prices of 

investments goods and government saving are changing. This is the Ricardian 

equivalence assumption, i.e. when government saving increases households do not need 

to save that much and will increase consumption. The increase in household 

consumption and the increase in government saving are therefore two sides of the same 

coin. EV (add def here!!) of household consumption could be used as a single welfare 

measure of the reforms since that also includes the increase in government saving.  

 

                                                 
3 From personal communication with Lena Wieweg, VTI. 
4 SAINT ha a special way of modelling taxes and trade margins that makes it suitable for analyses of unit 

taxes and similar policy instruments for details se Bohlin 2010a. 
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The main motivation for holding foreign savings and domestic investment fixed is to 

simplify evaluation of the welfare effects. If the accumulation of foreign and domestic 

assets all welfare effects will come through changes in household consumption and 

emissions. A drawback of this is that we cannot analyse the ability of the Swedish 

economy to attract foreign capital. 

3.1.1  Production functions 

The production functions in the model are nested CES functions (Figure 1). At the top 

level output is a combination of capital, labour, energy, transport services and other 

intermediate goods. Other intermediates consist of all intermediate goods except energy 

and transport services and are assumed to be used in fixed proportions to output, i.e., 

under Leontief technology. Transports and energy commodities are divided into five 

commodity groups. The first group consists of energy commodities, the second of 

person transports by air or sea, the third of person transports by rail or road, the fourth 

of freight transport by air or sea, and the fifth of freight transports by rail or road. 

 

Figure 1 Nest structure of the production functions. 

 

Choosing a set of reasonable elasticities for the CGE model cannot be based solely on 

econometric estimates, as these are derived from historical data and specific contexts. 

There are also severe problems of endogeneity when estimating elasticities. In Figure 

2.1 the numbers refer to the elasticities of substitution and are assumed to be the same in 

all industries at the referred level. The following assumptions regarding substitution 

possibilities in the model have been made: Labour and energy are assumed to be easy to 
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substitute with capital in the long run. In the long run it should be even easier to 

substitute between different kinds of heating systems. However, it is assumed to be 

more difficult to substitute between labour and energy. In a literature review, Viert et al. 

(2010) find empirical estimates over the elasticity of substitution between rail and other 

transport modes within a wide range between 0.5 and 4. According to these authors the 

most reliable studies are found in a more narrow interval between 0.9 and 1.7. We 

further assume it to be easier to substitute between rail and road than between the other 

transport modes and therefore use 1.5 for that elasticity. Finally we set the elasticity to 

0.6 between different groups of transports and 0.8 between air and sea, assuming that it 

is more difficult to substitute between these modes. Since air and sea transports are 

rarely used for short distance transports. Moreover, there are larger differences between 

air and sea transports in terms of time and cost per tonne then between road and rail 

transports. 

 

3.1.2  Household consumption 

There is one representative household in the model. Consumer behaviour is described in 

Figure 2. It is modelled as a LES-CES (add Def here!!) nested system with a LES 

system at the top aggregating together seven commodity groups. Within these seven 

aggregates substitution is modelled with CES equations. Since the elasticity of 

substitution between the six different commodity groups is probably fairly low, the 

Frisch parameter has been set to achieve a relatively high proportion of subsidiary 

consumption5. 

 

Figure 2 Nest structure of the household demand functions. 

                                                 
5 In a LES system some parts of the consumption of every commodity are fixed, the so called habit or 

subsidiary consumption, while the rest of the consumption have fixed proportions of the part of the 

expenditure that is not used for subsidiary consumption. (Deaton, A & Muellbauer, J, 1980) The Frisch 

parameter determines the share of subsidiary consumption. 
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LES
Goods transport 

LandEnergy 

commodities

The numbers in the ellipses refers to the elasticity of substitution between each aggregate. The commodities in other services 

and other manufacturing are not specified in the figure 
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Electricity

District 

heating
Heavy fuel 

oil

Goods transport 

Air and Sea
Person transport 

Land

Person transport 

Air and Sea

SeaAir

RailRoad

Road

Rail

3

0.8 1.5

1.5

SeaAir 0.8

Total household consumption

Other 

manufacturing

Other services
1.21.2
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3.1.3 Modelling emission trading and carbon emission 

The price of CO2 permits is exogenously given. This follows from the small open 

economy assumption that the domestic economy cannot influence world market prices. 

Unlike the previous version of the model6 we here assume that the initial distribution of 

permits does influence behaviour in firms. This version of the model is thus more close 

to the real EU ETS system, where exiting plants do not keep their permits and entrants 

may receive permits. The values of the distributed permits are taken into account when 

capital are reallocated between industries, that is for decisions about exit and entry.  

 

Carbon emissions from domestic production are calculated from the changes in the use 

of diesel, gasoline, fuel oil and gas. 7 Total domestic emissions of CO2 are equal to 38 

million tonnes in the base model, i.e., about 60 percent of actual emissions. The 

divergence could be explained by errors in data and the fact that not all sources of CO2 

are taken into account. Since emission of CO2 is calculated from taxes actually paid, tax 

evasion and firm-specific tax reductions may explain part of the divergence8.  

 

                                                 
6 Bohlin 2010a.  

7 For details about the calculation of carbon emissions see Bohlin 2010b. 

8 We study the industry specific reductions of energy taxes; within each industry there are also some firms 

getting even higher reductions due to extra energy intensity in their production. 
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To calculate direct carbon leakage a global model is needed. Since the reallocation of 

production, which the tax exemptions are supposed to prevent, has an impact on indirect 

leakages only, the results will be unaffected by the fact that direct carbon leakage is 

ignored. The impact on world market prices of fossil fuels from an increase in the 

production of energy-intense goods would be the same regardless of in what part of the 

world the production is increased. 

 

To calculate indirect carbon leakages through international trading commodities not 

included in the EU ETS, it is assumed that foreign consumption of different 

commodities is not affected by developments in Sweden. Therefore, the changes in net 

trade of different commodities are used as a measure of the imposed change in foreign 

production. This can be considered as an upper bound of the change in foreign 

production under the assumptions that all adjustments in foreign countries are on the 

production side. By making assumptions about technologies abroad, the emissions 

changes can be calculated due to a change in net trade. In our study, Swedish 

technology is assumed for all non EU ETS-commodities. We include both direct 

emissions in the production of the good and indirect emission from the production of 

intermediate inputs. 

 

For the commodities included in EU ETS, we assume that carbon leakage is equal to 

100 percent. That would be the case if reduced production in Sweden leads to a similar 

increase from firms within the European Union that buy the allowances that the 

Swedish firms can sell.9 Total emissions are calculated as the sum of domestic 

emissions, carbon leakage from EU ETS industries and carbon leakage from non-EU 

ETS commodities. 

 

3.2 Policy Scenarios 

 

Table 2 describes the current energy tax rates in Sweden. These are used as the base 

scenario.  

 

Table 2 Unit tax rates on energy in base model 

 
Agric. 

fishing and 

mining 

Manu-

facturin

g 

Electricit

y and gas 

Transports 
Household

s & 

Services Tax item rail road  

Wate

r  Air  

 Jet fuels 0.00 0.00 0.00 
0.0

0 
0.00 0.00 

0.0

0 
0.00 

                                                 
9 This way of modelling assumes that there is no policy response due to changes in the price of the 

permits. If cost efficiency is an issue when designing climate policy, policymakers would be more willing 

to decrease the total quota if the price of the permits is reduced compared to the Pigovian taxes used in 

other sectors. In that case carbon leakage in EU ETS industries would be less than 100 percent since a 

reduction in the permit price will lead to reductions of the total quota. 
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 Fuel oil, 

SEK10/litre 
0.55 0.55 1.20 

3.4

0 
3.40 0.00 

0.0

0 
3.40 

 Gasoline, 

SEK/litre 
5.00 

5.00 5.00 5.0

0 

5.00 5.00 5.0

0 

5.00 

 Diesel, SEK/litre 3.88 
3.88 3.88 3.8

8 

3.88 3.88 3.8

8 

3.88 

 GAS, SEK/litre 0,41 
0,41 0,50 2.1

9 

2.19 2.19 2.1

9 

2.19 

 Electricity, SEK 

/kWh 
0.005 0.005 0.24 

0.0

3 
0.24 0.24 

0.2

4 
0.24 

Source: Own calculations. 

 

The policy scenarios are shown in Table 3. Scenarios 1, 2, 3 and 4 are used to evaluate 

the effect of four policy instruments separately: removing tax exemption from the 

manufacturing sector; removing the tax exemption from sea and air transport; increase 

of road infrastructure charges; and increase of rail infrastructure charges. Scenario 5 is 

used to study the general equilibrium first-best scheme, which charges SMC to all 

sectors including manufacturing sector and all transport modes. Scenario 6 includes the 

first-best transport tax scheme, which combines tax increases in the sea, air, road and 

rail sectors. Scenario 7 is used to study the effect of combining scenarios 1, 3 and 4 

together. Finally, scenario 8 includes a second-best transport tax scheme, where road 

and rail sectors are charged according to their SMCs. 

The tax changes for transport modes are intended to reflect potential changes as part of 

a tax reform intended for full internalization of the external cost of transport. As 

described in Chapter 2, the full internalization of truck and train operations would in 

both cases require a 25 percent increase of the operation cost. Therefore this is the 

magnitude of the tax increases used for these two modes. Notice that noise and 

congestion costs are excluded, which means that the increase required for full 

internalization is underestimated, probably in particular for rail traffic.  

 

Table 3 Scenario description. 

 

Scenari

o 1 

Scenari

o 2 

Scenario 

3 

Scenario 

4 

Scenari

o 5 

Scenario

6 

Scenari

o 7 

Scenari

o8 

Removing tax 

exemptions on fossil 

fuel for primary 

sectors, 

manufacturing 

electricity and gas 

        

Removing tax 

exemptions on fossil 
        

                                                 
10 1 SEK = 0.1 EUR. 
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fuel for sea and air 

transports 

Increasing road 

infrastructure charge 

to SMC level 

        

Increasing rail 

infrastructure charge 

to SMC level 

        

 

Table 4 shows the domestic, global emission reduction effects and the amount of carbon 

leakage of each scenario. Table 5 shows the effects of these scenarios on the variables 

such as GDP, equivalent variation (EV), gross real wage, and capital return change.  

Table 6 is a Cost-Benefit accounting list comparing welfare gains and losses for each 

scenario; i.e., including changes of the cost of externalities. Table 7 shows the effects of 

these scenarios on government revenues.  

Table 8 compares Table 6 to Table 4 to calculate the costs for society for each unit of 

emission reduction.   

Table 9 shows the effects of these policy scenarios on transport performance. 

 

The results show that the first-best scenario policy, i.e., scenario 5, generates the largest 

social welfare. Even though accounting the relatively large carbon leakage both to EU 

ETS industries and through trade to non-EU ETS commodities, scenario 5 still 

generates the largest global emission reduction effects among all eight policy scenarios, 

due to the very large domestic emission reductions (a reduction of 7200 thousand tones 

CO2 emissions,  or 19 percent of the domestic emission reductions). Scenario 5 also 

generates relatively large government revenue.  

 

The results indicate that society benefits by correcting prices from one sector/ transport 

mode, leaving the price distortions in other sectors/ transport modes, except in the case 

of rail charges. Table 4 shows that all scenarios except scenario 4 generate positive 

social welfare. In the Swedish context, since Sea and Air pricing policy cannot be 

changed only by domestic decisions, the second-best policy is then scenario 7, 

correcting prices of manufacturing, road and rail transport. This generates the second 

largest social economic surplus, a rather large emission reduction effect, and relatively 

large government revenue.  

 

In all the policy scenarios EV is reduced (Table 5). Scenario 2 has the lowest domestic 

emission reduction cost (0.27 SEK EV for per kg CO2 reduction); and scenario 1 has the 

lowest global emission reduction costs among all scenarios (1.23 SEK EV for per kg 

CO2 reduction). 

 

Scenario 4 represents a recent policy proposal: to increase track-use charges for rail to 

reduce externalities and generate revenue within this sector. We can use scenarios 4, 3, 

8 and 7 to see the differences of effects between only increasing the charges for rail 
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(scenario 4), only increasing the charges for road (scenario 3), increasing charges for 

both road and rail (scenario 8), or an alternative that also removes the tax subsidies for 

manufacturing (scenario 7). We find that combining road and rail infrastructure charge 

(scenario 8) yields a slightly larger emission reduction effect than correcting prices only 

for road (scenario 3), but a much larger emission reduction effect than correcting prices 

only for rail (scenario 4). And moreover, the cost in terms of consumer surplus lost per 

CO2 reduction is considerably higher in the latter alternative. Scenario 7 has the largest 

effects on reducing transport work in all modes compare to scenario 8. 

 

 

Table 4 Effects on CO2 emission reduction (thousand tones). 

CO2 emissions Base Scenarios 

   (1) (2) (3) (4) (5) (6) (7) (8) 

Domestic emission 37847 -4300 -1491 -1719 -38 -7200 -2849 -5887 -1765 

Carbon leakage from EU ETS 

industries 
 2817 -143 311 82 2857 299 2906 381 

Carbon leakage through trade in 

non EU ETS commodities. 
 -628 1346 235 -57 884 1079 -143 198 

Impact on global emissions  -2111 -288 -1173 -13 -3458 -1471 -3124 -1186 

 

 

 

 

 

 

 

 

 

Table 5 effects on macroeconomic variables. 

Economic variables Base Scenarios 

   (1) (2) (3) (4) (5) (6) (7) (8) 

 
Billion 

SEK 
Changes from base in %  

National income. deflated by 

CPI 
2742 -0.45 -0.11 -0.39 -0.10 -1.06 -0.59 -0.94 -0.49 

GDP. Deflated by GDP 

deflator 
2756 -0.16 -0.05 -0.13 -0.01 -0.35 -0.19 -0.31 -0.15 
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Equivalent Variation  1353         

    Change EV / household 

consumption 
 -0.19 -0.03 -0.16 -0.04 -0.44 -0.23 -0.39 -0.18 

 Gross real wage  -0.71 -0.19 -1.41 -0.26 -2.55 -1.84 -2.36 -1.67 

 Capital return  -0.52 -0.22 -1.03 -0.19 -1.95 -1.40 -1.74 -1.22 

 

Note: CPI is a price index with the cost shares in the base model household’s 

consumption as weights while GDP deflator is the price index of domestic production in 

the model.  

 

Table 6 Effects on social welfare (billion SEK). 

Variable Scenarios 

  (1) (2) (3) (4) (5) (6) (7) (8) 

EV -2.60 -0.40 -2.12 -0.48 -5.95 -3.08 -5.34 -2.48 

Consumer surplus total -2.60 -0.40 -2.12 -0.48 -5.95 -3.08 -5.34 -2.48 

Less infrastructure 

externalities11 
0.04 0.03 0.22 0.22 0.51 0.47 0.49 0.46 

Increased traffic safety12 0.10 0.19 1.28 -0.03 1.52 1.39 1.37 1.27 

Less  CO2 emissions13 4.30 1.49 1.72 0.04 7.20 2.85 5.89 1.77 

Externalities, total 4.44 1.71 3.22 0.23 9.23 4.71 7.75 3.50 

Total social economic 

surplus 
1.84 1.31 1.10 -0.25 3.28 1.63 2.41 1.02 

Note:  The value of less infrastructure damage and increased traffic safety are calculated 

using the traffic work changes for the rail and road transport (both passenger and 

freight). And the value of less CO2 emissions is calculated using the total domestic 

emission reductions that are reported in. 

 

Table 7 Effects on public costs and revenues (billion SEK). 

Variable Scenarios 

                                                 
11 Operation, maintenance and reinvestment costs are included in infrastructure externalities. 0.0258 

SEK/tonne-km and 0.0263 SEK/passenger-km are used for rail freight and passenger infrastructure 

externalities calculation. 0.0537 SEK/tonne-km and 0 SEK/passenger-km are used for road freight and 

passenger infrastructure externalities calculation. (Source: own calculation based on Trafikverket 2011). 
12 0.0020 SEK/tonne-km and 0.0074 SEK/passenger-km are used for rail freight and passenger 

infrastructure externalities calculation. 0.0215 SEK/tonne-km and 0. SEK/passenger-km are used for road 

freight and passenger infrastructure externalities calculation. (Source: own calculation based on 

Trafikverket 2011). 
13 Recommended Swedish valuation of 1 SEK/kg CO2 (Trafikverket 2011) is used.  
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  (1) (2) (3) (4) (5) (6) (7) (8) 

Commodity tax revenue change 3.02 1.33 18.29 2.65 25.02 22.38 23.85 21.19 

Other tax revenue change -7.23 -2.09 -12.83 -2.42 -24.58 -17.16 
-

22.52 
-15.31 

Government consumption 

change 
3.93 1.08 5.23 1.30 11.52 7.48 10.48 6.57 

Public costs and revenues, total -0.28 0.33 10.69 1.53 11.97 12.70 11.80 12.44 

 

 

Table 8 Cost of per unit of emission reduction in EV terms (SEK). 

Variable Scenarios 

  (1) (2) (3) (4) (5) (6) (7) (8) 

EV / Domestic emission reduction 0.61 0.27 1.23 12.40 0.83 1.08 0.91 1.41 

EV / Global emission reduction 1.23 1.38 1.81 37.16 1.72 2.09 1.71 2.09 

 

 

Table 9 Changes in transport work (percentage). 

Variable Scenarios 

  (1) (2) (3) (4) (5) (6) (7) (8) 

Rail – passenger -1.75 0.12 3.69 -28.52 -26.86 -25.79 -26.85 -25.77 

Rail – freight -2.42 0.21 5.01 -27.74 -25.46 -23.88 -25.48 -23.89 

Road  - passenger -0.77 -1.51 -9.84 0.46 -11.40 -10.39 -10.25 -9.44 

Road – freight -0.95 -1.31 -12.55 0.62 -13.82 -12.76 -12.87 -11.97 

Sea  - passenger 3.34 -20.41 -7.40 0.30 -23.32 -24.09 -4.99 -7.19 

Sea – freight 5.88 -19.93 -11.98 0.24 -24.91 -24.03 -10.27 -12.04 

Air  - passenger -0.19 -3.81 -2.31 -0.25 -6.46 -6.07 -2.83 -2.57 

Air – freight -0.32 -1.52 -3.54 -0.37 -5.64 -5.07 -4.34 -3.92 

 

 

4 Conclusion 

In this paper, the effects from more efficient pricing of externalities from manufacturing 

and freight transport on emission reduction, macro-economy variables, social welfare 

and government budget have been studied. The first-best policy scenario (correcting 
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externalities from manufacturing sector and all transport modes in transport sector) 

generates the highest social welfare surplus, emission reduction, government net 

revenue. Correcting prices on only the rail market and not others generates a small 

social welfare surplus, a small emission reduction effect, and little revenue. The net 

revenue accounts for 58 percent of the total revenue collected from increasing rail 

charges. Taking into consideration that sea and air modes are not regulated only by 

Swedish domestic decisions, the findings for this study suggest that the second-best 

policy scenario is to correct prices for the rail, road and manufacturing sectors. The 

results of this paper show that a pricing system can have large effect on transport 

demand at relatively lower cost. Before drive in the large scale of new infrastructure, it 

is worthwhile to study carefully the options of optimizing pricing system. A detailed 

regional implication with a spatial CGE model is needed.  
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1 Source; Svensk Energi 

1 Also combustion of biomass releases carbon. Usually it is assumed that the direct emissions from bio-

fuel combustion equal the amount of carbon assimilated by the bio mass during its growing phase, an 

assumption we here maintain.  

1 As an example of the latter; the average time from applying for building approval for a new wind mill to 

when construction begins is 48 months in Sweden, much because there are currently 27 different 

instances that have to approve the construction plans. Source; http://www.goldwind.nu/vindkraft.php 

(110620). 

1 Similar systems are in used in, e.g., Norway, the UK, Poland, Romania, Italy and Belgium, (EU, 2008) 

1 This is because MCG intercepts the p-axis at a price above p1. Thus, the first unit of green electricity 

costs more to produce than it could be sold for. 

1 In principle this consumer price may lie below or above p1. However, in practice it is likely to be above. 

For more about green electricity certificates, see Carlén, Carling and Mandell (2005). 

1 It should be noted that if the mandatory system’s definition of green electricity does not comprise all 

GHG production technologies, voluntary green electricity contracts may induce additional GHG emission 

reductions.  

1 See e.g. Dales (1968) and Montgomery (1972).  

1 It is possible that some of the emissions we have labeled indirect now materialize under the emission 

cap, in which case the term ΣΔIEi now is smaller. However, in practice this effect is likely to be small and 

is henceforth ignored.  

1 Usually, this sector, which broadly comprises transportation, light industry, business and services, is 

called the non-trading sector. However, as will become obvious below, this is a somewhat misleading 

terms whereby we instead uses the term OS.   

1 For the year 2020 the two caps sum to 80 per cent of the emission level in 1990. The 

aggregated cap level may be adjusted if member states and/or firms under the EU ETS 

trade emission quota units/permits with agents outside the EU, i.e., engage in IET, JI 

and/or CDM. Given compliance behavior, the former two transactions only reallocate 

emissions. This stand in contrast to CDM projects, which are likely to increase global 

emission (see e.g., Bohm (1994) and Rosendahl and Strand, 2009). 
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