
 

 

Economic Modeling of Commercial Vehicle Fleet Utilization and Revenue Optimization in 1 

Saudi Arabia: A Strategic Framework for Vision 2030 2 

  3 

Abstract: 4 
 5 
Commercial fleets are the glue that holds the entire transport system together, connecting 6 

production to ports, industrial clusters and the final market. The economic value of a vehicle is 7 

far less to do with its registered capacity than with its actual productive deployment. This is a 8 

critical integrative review of the interplay between fleet utilisation, pricing, empty running, 9 

demand uncertainty and asset ownership in the context of the transformation of transport in 10 

Saudi Arabia. It draws on a range of research published between 2020 and 2025 in the areas of 11 

freight forecasting, dynamic routing, carrier collaboration, vehicle economics and Saudi 12 

transport policy. It proposes a revenue-utilisation framework which distinguishes between 13 

vehicle availability, productive time, payload use and realised yield and then links these to route 14 

level contribution and fleet investment decisions. It identifies four key mechanisms: better 15 

forecasting protects dispatch capacity; network collaboration recovers movements that would 16 

otherwise be unproductive; pricing should be based on constrained vehicle-hours rather than 17 

distance; and alternative propulsion should be evaluated in terms of duty cycle feasibility and 18 

opportunity cost. A simple illustrative calculation is provided to show how changes in utilisation 19 

and backhaul recovery can impact on contribution, without in any way implying that these are 20 

the outcomes observed in the Saudi fleet. The review concludes with a research agenda for 21 

testing these mechanisms using anonymised dispatch, telematics and financial data. The central 22 

proposition is that alignment with Vision 2030 will only be achieved through sustainable 23 

productivity gains underpinned by tangible constraints on safety, service and the environment 24 

rather than through maximising fleet size or the volume of vehicles in movement. 25 

 26 

 27 

 28 

3. Introduction 29 



 

 

 30 

Saudi Arabia’s drive to build up its domestic supply chains and to play a bigger role as a regional 31 

logistics hub gives rise to a very practical economic question: how much value can the existing 32 

road fleet actually generate before the operator is forced to go and build more capacity? Road 33 

fleets provide the flexibility of access between industrial sites, ports, distribution centres and a 34 

host of dispersed customers. The sheer scale of the fleet is not necessarily an indicator of the 35 

amount of value being created. A company can be running a very high number of kilometres and 36 

yet be making very poor margins. On the other hand, with a good degree of scheduling and better 37 

contract discipline you can improve the economics of the operation dramatically without 38 

necessarily increasing the traffic at all. That’s the fundamental issue when you’re looking at 39 

transport development under Vision 2030 [13,19]. 40 

 41 

Research into dynamic vehicle routing has moved well beyond the simple 2ptimization of static 42 

distance. It now incorporates dynamic requests, uncertain travel times, service windows and 43 

sequential decisions [1–3]. There’s also a good deal of work on collaboration and backhaul 44 

identification looking at how independent carriers can share loads, reduce empty miles and share 45 

the gains [4–8]. All of this is interesting, but it doesn’t in itself provide the fleet owner with an 46 

answer to their revenue question. The lowest cost route is not necessarily the highest revenue 47 

route when prices differ from customer to customer, vehicle hours are at a premium and the 48 

acceptance of one order may in fact displace a more profitable one. 49 

 50 

The Saudi context actually intensifies the issue as transport activity is determined by extensive 51 

intercity corridors, high levels of urban demand, industrial 2ptimization2n and investment in 52 

connectivity. Research into smart transport planning has identified issues of regulation, capacity 53 

and implementation, while research into the Saudi road network has demonstrated the potential 54 

gains from integrated operational and safety decisions [13,14]. The green logistics literature also 55 

points out that environmental commitments must be matched to the organisation’s actual 56 

resources [15–17]. This is all consistent with the need for locally appropriate economic analysis 57 



 

 

and does not in any way provide a basis for assuming that findings from other countries can be 58 

simply transplanted. 59 

 60 

The purpose of this paper is to develop a decision-oriented economic framework for the 61 

deployment of commercial fleets which links operational productivity to revenue and to strategic 62 

investment. The aims are to differentiate between competing measures of 3ptimizatio; to subject 63 

head on the various forecasting, routing, collaboration and pricing mechanisms; to specify an 64 

auditable profit model; and to identify the institutional and empirical conditions under which 65 

such a framework would be credible in the Saudi context. The contribution is purely conceptual 66 

and not an assessment of the profitability of the national fleet. It is about identifying the 67 

interaction effects which are typically lost when 3ptimizatio, route cost and revenue management 68 

are studied in isolation. 69 

 70 

2. Review design and analytical method 71 

 72 

A critical integrative review is the right approach as the topic is not confined to a single 73 

discipline but cuts across operations research, transport economics, energy systems and policy. 74 

The evidence base was deliberately constructed from research published between 2020 and 2025 75 

with a focus on identifiable journal articles that have a DOI. The sources selected were those 76 

which were directly relevant to the topic of dynamic freight operations, carrier coordination, 77 

pricing information, vehicle technology economics or Saudi transport governance. The three 78 

exemplars provided were used to inform the structure and to ensure attention was paid to 79 

methodological limitations. Publications outside of the period specified were not used as 80 

evidence. 81 

 82 

The review went through four analytical passes. The first was to categorise the studies according 83 

to the level of decision they informed: strategic (fleet composition), tactical (allocation and 84 

contracts) or operational (dispatch). The second was to map their stated performance measures to 85 



 

 

the five dimensions of 4ptimizatio, contribution, service reliability, emissions and capital 86 

exposure. The third was to examine the underlying assumptions (perfect information, identical 87 

vehicles, transferable demand patterns, fixed energy prices etc). The final pass was to assemble 88 

the compatible mechanisms into a multi-period economic representation. Table 1 contains the 89 

resulting evidence domains and their respective limits of transferability. 90 

 91 

This is a transparent process which is not in any way an exhaustive database census, a 92 

bibliometric mapping or a pooled-effect meta-analysis. The studies vary enormously in terms of 93 

vehicle type, geographical coverage, constraints, datasets and objective functions so aggregating 94 

the reported % improvements would be completely misleading. What we do is analytical 95 

triangulation to identify the recurring causal mechanisms and to keep the disagreements. In 96 

particular the computationally derived savings, the policy aspirations and the field measured 97 

results are all kept separate. The numerical examples introduced later make use of explicitly 98 

assumed inputs and have no inferential value for the Saudi operators. 99 

 100 

Evidence quality was assessed on the basis of whether it provided a formal mathematical 101 

specification, operational data, scenario testing or context specific institutional analysis. Papers 102 

on 4ptimization can establish internal feasibility under a set of assumptions but cannot in any 103 

way establish that the industry will adopt the solution spontaneously. Interviews and policy 104 

reviews can identify implementation barriers but won’t quantify the fleet contribution. 105 

Ownership cost comparisons can identify plausible break even drivers, the drivers being of 106 

course dependent on price and duty cycle. This is an important distinction when drawing 107 

conclusions from a range of disparate sources [20-22]. 108 



 

 

3. Synthesis of the economic evidence 109 

 110 

 111 

Table 1. Critical synthesis of evidence streams and implications for Saudi fleet decisions 112 

Evidence stream Relevant studies 
Transferable mechanism / 

limitation 

Routing under uncertainty [1–3,20] 

Sequential allocation manages 

new requests; gains depend on 

reliable service and demand 

inputs. 

Forecasting and digital 

systems 
[9–11,28] 

Prediction can reduce 

misallocation; measured 

forecast accuracy is not 

equivalent to financial impact. 

Collaboration and backhaul [4–8,27] 

Joint allocation can recover 

empty movements; 

compatibility, trust and gain 

sharing are binding. 

Fleet ownership and energy [21–26] 

Total cost depends on duty 

cycle and downtime; overseas 

price assumptions need 

recalibration. 

Saudi institutional context [13–19,29–30] 

National policy and 

infrastructure influence 

feasible decisions; firm 

profitability remains 

unmeasured. 

 113 



 

 

3.1. Utilization as a multidimensional economic variable 114 

 115 

Fleet utilisation is very often presented as a single figure, when in fact there are a number of 116 

possible denominators. Availability is the proportion of planned vehicle hours not lost to 117 

maintenance or administrative inactivity. Time utilisation is the proportion of time spent on 118 

transport work. Distance utilisation is the proportion of km travelled with a paying load. Payload 119 

utilisation is the proportion of tonnes carried to the legal payload. Revenue utilisation is the 120 

proportion of the vehicle's saleable capacity that is converted into revenue. It is entirely possible 121 

to have a high score on one of these metrics and a low score on another, which makes a 122 

composite figure of utilisation from all of them economically meaningless. 123 

 124 

A good example is the intercity tractor which completes a full outbound journey and returns 125 

empty. It may have very good mechanical availability and very good driver activity but will have 126 

very limited revenue capture. The distribution vehicle making a number of short deliveries can 127 

have very high stop productivity despite relatively low distance utilisation. Capacity constraints 128 

will be in different units of course (tonnes, cubic metres, pallet positions, temperature controlled 129 

space, time access etc). The correct denominator is therefore the binding constraint for each 130 

service rather than some one universal tonne km target. 131 

 132 

The review therefore recommends a usage dashboard with metrics for contracted productive 133 

vehicle hours, paid loaded kilometres, average payload fill, accepted service requests and 134 

revenue collected per deployable vehicle day. All of these should be broken down by vehicle 135 

class, corridor, account and season. This avoids the temptation of managers simply increasing 136 

nominal usage by taking on low yield work. It also makes it clear whether a poor performing 137 

asset is the result of lack of demand, dispatch failure, wrong specification or avoidable idling 138 

time. 139 

 140 



 

 

Another accounting issue arises when you have a mix of owned tractors, leased trailers and 141 

subcontracted capacity. You can end up applying the same utilisation figure to a number of 142 

different assets and thereby inflating the apparent productivity. The proposed reporting 143 

methodology therefore separates out tractor hours, trailer days and driver hours, reconciles each 144 

against a common journey and only allocates the net revenue once. This allows management to 145 

work out whether the real constraint is actually equipment, labour, loading access or customer 146 

timing. It also means you're not artificially ranking the long haul and urban fleets against each 147 

other on some common denominator. 148 

 149 

3.2. Demand forecasts, dispatch and uncertainty 150 

 151 

Freight demand is neither temporally constant nor fully transparent at the time dispatch decisions 152 

are being made. Al Hajj Hassan and co-workers demonstrate how adaptive forecasting can assist 153 

in operational planning as the flow patterns evolve [9]. Reviews of freight machine learning 154 

applications cover a range of use cases from arrival time prediction and anomaly detection to 155 

shipment forecasting [10,11]. The take away from these is that a forecast should not simply be a 156 

prediction of tonnes to be moved next month. It should be a forecast of order arrivals by lane, 157 

equipment required, requested service time, price sensitivity and cancellation risk. 158 

 159 

Forecasting only creates value when it's coupled to a decision rule. A forecasted increase in port 160 

related demand might be sufficient to justify the reservation of chassis, a restructure of driver 161 

shifts or a renegotiation of subcontract capacity. An uncertain urban request on the other hand 162 

may be taken opportunistically if it fits into an existing tour. Dynamic routing results 163 

demonstrate why rolling horizon reassignment is preferable to the assumption that all requests 164 

are known in advance [1–3]. The constant reoptimisation of the route can be destabilising to the 165 

customer's promise so decisions need to be made with a freeze period, exception thresholds and 166 

penalties for avoidable service changes. 167 

 168 



 

 

The key economic driver is the protection of scarce vehicle-hours. If an operator takes on every 169 

available low rateconsignment then they may effectively lose the ability to serve the later, higher 170 

contribution demand. That's an opportunity cost rather than a cash outlay. Revenue management 171 

research has long warned that historical data used to build booking models needs to be carefully 172 

selected and that one should be very wary of simply extrapolating historical patterns when those 173 

patterns are going to change [12]. For the Saudi fleets the booking models need to be stress 174 

tested against the effects of religious holidays, corridor disruptions and industrial project cycles 175 

rather than just blindly extrapolated. 176 

 177 

Forecast calibration should be judged on economic grounds as well as on statistical ones. A 178 

model which marginally improves on the average prediction error may be a bad one if its errors 179 

are all on the expensive peak capacity decisions. Decision weighted validation can be used to 180 

compare the actual contribution to performance of the dispatch policies that result from different 181 

forecasts against a consistent historical baseline. Operators should look at forecast bias by 182 

customer segment and by lane direction separately as a systematic under forecast on a return 183 

corridor could be hiding a number of commercially viable backhaul opportunities. Forecast 184 

retraining also needs to be guarded against data leakage from the orders that were recorded after 185 

the decisions had been made. 186 

 187 

3.3. Collaboration and recovery of empty distance 188 

 189 

Empty repositioning uses fuel, consumes maintenance life and driver hours without producing 190 

any direct freight revenue. The integration of recurrent lane detection with backhaul optimisation 191 

is therefore a very real route to improved commercial performance [8]. Large scale collaborative 192 

routing and heterogeneous multi-depot formulations demonstrate how co-operative allocation 193 

can harness synergies which are simply not available to the individual operator [4,5]. The 194 

amount of benefit that can be achieved of course will be contingent upon the compatibility of 195 

equipment, cargo handling, insurance, pickup windows and the direction of the regional freight 196 

imbalance. 197 



 

 

 198 

Collab also has a distributional issue. If one carrier does the attractive outbound leg and the 199 

partner does the return leg then a collective saving may still be unpalatable to one of the 200 

participants. Research into fair collaborative routing and profit sharing makes incentive 201 

compatibility absolutely fundamental to the sustainability of any collaboration [6,7]. A Saudi 202 

freight exchange would therefore need to have very clear settlement rules, very clear 203 

documentation of service quality, data governance and appropriate safeguards in place to prevent 204 

the disclosure of customer data. A mathematically optimal allocation which is not underpinned 205 

by commercial trust is not going to last. 206 

 207 

Not all empty movements are recoverable. A refrigerated trailer may not be able to take a general 208 

cargo assignment; hazardous loads may need to be cleaned or segregated; and taking a cheap 209 

diversion can in fact delay the next contracted departure. The assessment therefore has to be of 210 

net contribution after the additional distance, handling, waiting and service risk has been taken 211 

into account. The appropriate target is not zero empty km but the economically justified 212 

minimum given the asymmetric nature of the demand and the safety constraints. Work on 213 

drayage operations further illustrates why the laden or empty state will have an impact on the 214 

energy outcome at the route level [27]. 215 

 216 

A practical collaboration contract requires an agreed counterfactual. The claimed savings have to 217 

be calculated against what each party could have earned on their own (using the same fuel, 218 

labour and service assumptions). Benefits can then be shared out in accordance with verified 219 

contribution, risk borne and equipment supplied, with appropriate dispute resolution for any 220 

missing data. This stops a platform from simply taking the total pooled turnover and presenting 221 

that as incremental social value. It also allows you to identify the situations in which bilateral 222 

contracting is actually more economical than a complex multilateral exchange as the 223 

coordination charges will be greater than the available backhaul margin. 224 

 225 



 

 

3.4. Pricing and realization of revenue 226 

 227 

Standard haulage tariffs tend to be based on distance or a negotiated trip rate. Those are easy to 228 

understand but can mask the true cost of the trip in terms of time spent waiting, narrow booking 229 

windows, the difficulty of loading, tolls and capacity constraints. A contribution based tariff 230 

should take into account the actual incremental cost of the trip as well as the shadow cost of the 231 

vehicle hours used. The shadow cost of the vehicle hours will be higher when demand is strong, 232 

spare equipment is at a premium or customer commitments are hard to reschedule. It will be 233 

lower when demand is slack and it may be entirely appropriate to accept a lower contribution in 234 

those circumstances provided you don't in any way damage your reference prices or your service 235 

reliability. 236 

 237 

Revenue optimisation is therefore very different from simply charging the maximum possible 238 

rate. It's about selecting a portfolio of orders which will deliver acceptable margins, contractual 239 

durability and probability of payment. Targeted surcharges can be applied for detention, special 240 

equipment and short notice dispatch to clarify the cost structure (as long as the terms are agreed 241 

in a transparent way). Longer contracts can provide a degree of stability in terms of utilisation 242 

but may pass on the risk of diesel price or congestion to the operator. Indexation and agreed 243 

adjustment triggers can go some way to distributing that risk. The historical demand selection is 244 

also important as apparent price elasticity may simply be a reflection of a change in the mix of 245 

customers rather than any real price elasticity of demand [12]. 246 

 247 

The economic result should be assessed on the basis of actual revenue rather than the quotations 248 

that were issued. Discounts, rejected invoices, bad debts and contractual deductions can all be 249 

the difference between the quoted tariff and the actual yield. Dispatch data therefore has to be 250 

joined to the billing and payment data. Pricing freedom also has to be examined in the context of 251 

the actual contractual and competitive environment. The fleet level decision engine should be 252 

recommending prices, not imposing some form of opaque discriminatory pricing or coordinating 253 

market rates between competing carriers. 254 



 

 

 255 

Price recommendations should also make the distinction between cost pass through and 256 

willingness to pay. Fuel escalation clauses are a mechanism for passing through an observable 257 

input shock, demand based premiums are a mechanism for reflecting customer alternatives and 258 

contractual expectations. Blending the two can be very damaging to trust and can lead to a lack 259 

of transparency as to why a tariff has changed. Any analysis system should have an audit trail of 260 

the rate offered, the rate accepted, the service delivered, the approved invoice and the cash 261 

receipt. That audit trail enables the manager to track down any revenue leakage and to assess 262 

whether the commercial policy is in fact improving both retention and contribution over the 263 

successive contract cycles. 264 

 265 

3.5. Ownership costs, propulsion and local constraints 266 

 267 

Fleet mix has a very long term impact on financial exposure. A lease can provide a lot of 268 

flexibility in a volatile market whereas a purchased vehicle can be very cost effective in a stable 269 

intensive use scenario. Ownership cost studies have shown that purchase price on its own is not a 270 

valid comparison as annual mileage, energy consumption, maintenance, residual value, financing 271 

and non-productive time all come into it [21,22]. The economic attractiveness of electric light 272 

commercial and logistics trucks is also shown to vary with application and with the availability 273 

of charging [23,24]. Results from a European or North American context will need to be adjusted 274 

before they can be applied to the Saudi tariff regime, climate and driving patterns. 275 

 276 

Detailed levelised cost modelling points to the opportunity cost of charging and the impact of 277 

battery size [21]. A port drayage feasibility study shows the value in matching EVS to 278 

appropriate duty cycles rather than simply assuming you'd replace the entire fleet immediately 279 

[25]. Real world truck telematics data provides further evidence of the importance of a 280 

differentiated approach to deployment [26]. They don't tell you what the Saudi break even year 281 



 

 

is. The takeaway is that you need to look at fleet utilisation, operational flexibility and capital 282 

replacement together rather than treat electrification as a standalone procurement decision. 283 

 284 

The local literature provides the necessary context. The Saudi transport planning papers cover 285 

the governance, safety, infrastructure and adoption issues [13-18]. The analysis of domestic road 286 

energy demand is the relevant basis for understanding why the economics of the vehicle have to 287 

be considered in the context of fuel and demand [29]. The national diversification modelling 288 

provides the wider investment context but cannot be taken as evidence of the margin of any one 289 

carrier [19]. The economic framework therefore treats the public strategy as a boundary 290 

condition and an investment signal, with the firm level performance being tested in the verifiable 291 

operating records. 292 

 293 

Asset age introduces another layer of nonlinearity. The older the truck the lower the book 294 

depreciation will be, the higher the unscheduled maintenance, the more uncertain the resale 295 

proceeds and the greater the service disruption. The replacement appraisal therefore needs to 296 

compare the expected discounted contribution of the asset under a range of options: continued 297 

operation, refurbishment, leasing and purchase. If access to finance is restricted the option to 298 

delay commitment has value even if the new vehicle has a better average cost per km. Capital 299 

rationing should be directed at assets which are relieving the measured capacity constraints 300 

rather than those which have the highest isolated forecast utilisation. 301 

 302 

4. Proposed revenue–utilization optimization framework 303 

 304 

4.1. Decision architecture and variables 305 

 306 

Figure 1 shows a three layer architecture connecting the measured operations to the decisions 307 

and financial outcomes. The first layer consists of orders, GPS traces, driver rosters, invoices, 308 



 

 

equipment specifications, energy costs and service incidents. The second layer makes an estimate 309 

of future lane demand, feasible assignments and route specific contribution. The third layer then 310 

makes the decisions of acceptance, assignment, pricing and replacement subject to service, safety 311 

and liquidity constraints. Feedback from the completed jobs is then fed into the next forecast 312 

cycle. The architecture only considers information as productive if it leads to an accountable 313 

decision. The architecture is only productive when it results in an accountable decision. 314 

 315 

 316 

Figure 1. Proposed decision architecture connecting fleet records, allocation choices and 317 

economic performance. Author-developed conceptual diagram. 318 

Let v denote vehicle class, l a service lane, t the decision period and s a demand scenario. 319 

x(v,l,t,s) is a binary variable indicating whether or not a movement is accepted and assigned; 320 

q(v,l,t,s) is the quantity transported; p(l,t,s) is the realised unit tariff; d(l) is the distance charged; 321 

h(v,l,t,s) is the committed vehicle time (including waiting). F(v,t) is the fixed ownership and 322 

overhead allocation, c(v,l,t,s) is the variable trip cost and a(v,t) is the available hours. b is the 323 

recovered backhaul activity. These are the variables that would be used in the proposed model 324 

(not an estimated Saudi dataset). 325 

 326 

Expected operating contribution is E[Π] = sum(s) w(s){sum(v,l,t)[p(l,t,s)q(v,l,t,s) − 327 

c(v,l,t,s)x(v,l,t,s)] − sum(v,t)F(v,t)} − K. The w(s) are the scenario probabilities and K comprises 328 

the platform, coordination and financing charges (which are not otherwise allocated). Revenue 329 



 

 

must be specified consistently with either tariffs being per trip or per unit (in which case p*q is 330 

replaced by the agreed trip invoice). Costs and/or revenue must not be double counted across a 331 

round trip. 332 

 333 

For each period the allocated driving, loading, waiting and statutory rest all have to be within the 334 

available driver and vehicle hours. The payload, axle limits, route eligibility and customer 335 

delivery windows will all constrain the possible assignments. Minimum contribution 336 

requirements can in fact prevent a forecast optimizer from filling capacity with loads that are not 337 

economic. Service constraints will impose penalties for being late and for the rejection of 338 

contracted requests. A risk term may be used to penalise downside losses in adverse scenarios 339 

thereby preventing the optimiser from choosing a strategy which maximises average contribution 340 

at the expense of cash flow survival. 341 

 342 

To avoid infeasible solutions the route network needs to encode directional links, legal driving 343 

restrictions and depot compatibility rather than just straight line distance. The model has to be 344 

able to differentiate between planned and actual journey times and will need to use conservative 345 

capacity allowances when there is a paucity of observations. There needs to be a fully transparent 346 

optimisation log which records the reasons why requests have been rejected, enabling the 347 

operations teams to inspect the output. This auditability is particularly important when a dispatch 348 

manager is required to explain why a seemingly profitable consignment has been rejected for the 349 

sake of another obligation. 350 

 351 

4.2. Economic metrics and marginal decisions 352 

 353 

Table 2 puts the formulation in terms of observable metrics. The key profitability metric is 354 

contribution per deployable vehicle day rather than gross turnover per truck. The other metrics 355 

are revenue per productive hour, net contribution per paid loaded km and cash contribution after 356 

debt service. The order of these metrics is important as an operator can increase their invoiced 357 



 

 

revenue by taking on more vehicles and at the same time reduce their returns on capital. 358 

Separating out the fixed from the incremental costs makes the difference between short run 359 

acceptability and long run fleet size very clear. 360 

Table 2. Operationally observable variables for the proposed economic model 361 

Metric Operational definition Decision purpose 

Available vehicle-hours 
Planned hours less verified 

technical downtime 
Measure deployable capacity 

Productive utilization (u) 
Paying service-hours ÷ 

available vehicle-hours 

Distinguish paid work from 

activity 

Paid distance ratio 
Loaded, invoiced kilometres ÷ 

total kilometres 

Track economically useful 

movement 

Payload fill 
Accepted payload ÷ legal and 

serviceable capacity 

Identify weight/volume 

underuse 

Realized yield 
Collected service revenue ÷ 

productive vehicle-hours 

Monitor commercial revenue 

quality 

Contribution 

Collected revenue − 

incremental cost − allocated 

fixed cost 

Compare dispatch and asset 

options 

Backhaul recovery (b) 

Eligible otherwise-empty 

capacity used by paying return 

work 

Evaluate recoverable route 

imbalance 

 362 

The acceptance rule is simple. A request is desirable if the expected collected revenue is greater 363 

than the incremental cost of execution (including the expected penalty for delay or failure) and 364 

the opportunity cost of the capacity displaced. The opportunity cost is derived from plausible 365 

alternative demand rather than being added in as some arbitrary premium. At the strategic 366 

horizon, fleet additions are only justified if the present value of the expected incremental 367 



 

 

contribution is greater than the acquisition or lease obligations and the additional downside 368 

exposure. Disposal of underutilised equipment is just as much part of the optimisation as any 369 

other decision. 370 

 371 

This is a joint demand and price problem for backhaul recovery. A return can be a source of 372 

revenue but it can also increase hours, change the unloading point or in some cases compromise 373 

a more valuable booking. The model looks at the incremental contribution of each possible 374 

pairing rather than simply going with the loaded return. The same applies to multi-carrier 375 

exchanges where the question of whether a technically better plan is viable as a contract is 376 

determined by settlement fairness and the cost of information sharing [4–8]. 377 

 378 

Working capital makes a further distinction between accounting profit and cash that can be 379 

actually used. A long distance customer may be a very good contributor but will have a very long 380 

collection period. Fuel and wages on the other hand are paid immediately. Fleet growth in that 381 

scenario can be very damaging to the financial position. The investment policy should therefore 382 

be one that monitors the ageing of the receivables, credit limits and financing headroom as much 383 

as it does route contribution. This is particularly important when you're running large projects on 384 

a payment schedule which is very different to the delivery schedule. 385 

 386 

4.3. Transparent illustration and sensitivity 387 

 388 

Figure 2 shows the proposed decision logic with the assumed (normalised) vehicle day 389 

economics. A fully utilised vehicle day generates SAR 2,600 of primary service revenue (SAR 390 

740 of which is activity dependent) and SAR 620 of allocated daily fixed cost. The recovered 391 

backhaul work is SAR 300 per utilised day (multiplied by the assumed recovery factor). The 392 

resulting illustrative contribution is therefore Π = 1,860u − 620 + 300bu where u is between 0 393 

and 1 and b is the recovery factor. These are illustrative values chosen for clarity rather than 394 

actual tariffs, costs or fleet figures. 395 



 

 

 396 

Figure 2. Hypothetical contribution response to utilization and recoverable backhaul. 397 

Assumptions: SAR 2,600 potential revenue, SAR 740 variable cost and SAR 620 fixed cost per 398 

vehicle-day; added backhaul potential SAR 300 × recovery factor. No observed fleet inputs. 399 

The figure illustrates how the contribution curve rises as return work increases. At zero backhaul 400 

recovery the stylisedbreak evenutilisation rate is about one third of a vehicle day. That threshold 401 

is instantly affected by the way you allocate depreciation, the way you structure salaries, the load 402 

mix and the realisable tariff. It is not a sector benchmark. A model which simply reports a higher 403 

contribution because it assumes an infinite return load demand would be utterly unconvincing 404 

from an economic point of view. Feasible recovery has to be bounded by the actual origin-405 

destination imbalance and the customer service windows. 406 

 407 

Sensitivity analysis should start by varying the collected yield, fuel price, vehicle downtime and 408 

empty repositioning. You then need to test the correlated shocks. A rise in diesel price could have 409 

an impact on both cost and tariff; an infrastructure disruption could have an impact on both trip 410 

time and number of orders completed. Where you have sufficient local observations you can use 411 

Monte Carlo sampling or scenario trees to capture these dependencies. The output should be the 412 

downside contribution, cash coverage, missed deliveries and emissions per completed service 413 

along with mean profit. That's better than just presenting a single deterministic optimum as a 414 

forecast. 415 



 

 

 416 

Model validation should be against closed period accounts at both the trip and fleet level. The 417 

differences should be broken down into volume, yield, fuel, maintenance, waiting and billing. A 418 

statistically sound route forecast is of no use if the allocation of overhead is such as to lead to a 419 

persistent bias in the profitability estimates. Predefined acceptance criteria should cover forecast 420 

calibration, the feasibility of the dispatch rates and the materiality of the unexplained accounting 421 

differences. Only on that basis should a pilot move from being an advisory exercise to one where 422 

it's making more automated decisions. 423 

 424 

5. Discussion and implications for Vision 2030 425 

 426 

The synthesis shows that operational efficiency and revenue performance only reinforce each 427 

other under certain conditions. You get value from recovering empty km where the backhaul 428 

yield is greater than the incremental cost. You get value from better forecasts where the forecast 429 

actually secures capacity for work which is of value. You get value from more active vehicle 430 

hours where those vehicle hours are in fact generating positive contribution. These are the 431 

conditions which explain why utilization is best viewed as a portfolio of technical and 432 

commercial ratios. The framework moves the focus away from traffic volume to the quality of 433 

revenue, reliability and capital efficiency which are the more relevant metrics for assessing 434 

private sector involvement in national logistics development. 435 

 436 

For the operator the credible implementation sequence starts with data reconciliation. Telematics 437 

IDs, vehicle registers, orders, driver shifts and invoices all need to match at journey level. 438 

Managers then need to establish a baseline across a representative set of peak and off-peak 439 

periods (a route that is quiet one week may be a very important route for network coverage). 440 

Pilot decision support can then be used to compare planned vs actual dispatch, logging all the 441 

overrides and missed opportunities. Only once you have a stable measurement can you go on to 442 



 

 

introduce dynamic pricing or automated order acceptance. The returns from the analytics are as 443 

much a function of governance as they are of the algorithms [10,11,28]. 444 

 445 

For shippers and logistics platforms the most promising area for coordination is where there is a 446 

repeated directional imbalance and high equipment compatibility. The contract templates should 447 

contain clear definitions of detention, fuel, proof of delivery, loss liability, payment timing and a 448 

fair way of sharing the benefits. Participation in the exchange should not be predicated on the 449 

wholesale disclosure of competitor pricing or sensitive customer lists. The research into 450 

collaborative routing confirms that gain sharing is a design parameter rather than something that 451 

is simply negotiated on a case by case basis [6,7]. 452 

 453 

For policy makers better outcomes don't necessarily require the subsidy of more trucks. 454 

Predictable access rules, appropriate truck parking, efficient terminal appointments, interoperable 455 

electronic documentation and published safety requirements can all reduce non-productive time. 456 

They can enable firms to get more contribution from their existing fleet and reduce the amount of 457 

traffic that is unnecessary. The Saudi evidence on integrated route choice and traffic control is in 458 

support of treating safety and network performance as a joint issue [14]. The green logistics 459 

literature is also clear in warning that the adoption of technology has to be underpinned by skills, 460 

institutional coordination and viable implementation routes [15,30]. 461 

 462 

A corridor level demonstration could link distribution demand in Riyadh to the industrial and 463 

port movements to Jeddah and the Eastern Province. The right design would be to compare 464 

otherwise similar fleets using pre and post records and where possible a matched comparison 465 

group. The outcomes would be vehicle day contribution, empty distance ratio, on time 466 

performance, incident exposure and emissions intensity. The pricing effects would have to be 467 

separated from the demand effects and any improvement attributable to the collaboration would 468 

have to be net of platform and settlement costs. Without such controls then any claims of 469 

efficiency would be based on a selection of customers which was favourable rather than any real 470 

improvement in productivity. 471 



 

 

 472 

The framework also has an equity dimension. The smaller carriers will benefit from access to the 473 

consolidated demand but will be at risk of becoming dependent on platforms that have the power 474 

to control the rankings or the payment terms. A commercially viable arrangement would be one 475 

that was transparent in terms of the basis of the fees, would have a mechanism for dispute 476 

resolution and would have accessible entry conditions. Customer service and worker safety 477 

should be the constraints rather than the afterthoughts. That's where the relevance of Vision 2030 478 

comes in really, in that it's about enabling the reliable, competitive logistics capability rather than 479 

it being about every increase in asset intensity being a measure of progress. 480 

 481 

6. Limitations and research agenda 482 

 483 

This review makes no claim to being a comprehensive review of all the studies, no claim to 484 

having looked at the Saudi carrier accounting records and no claim to having estimated the 485 

elasticities from the transactions. DOI confirmation is useful for establishing bibliographic 486 

provenance but doesn't in any way validate the findings of the studies. The equations we propose 487 

are intentionally simple and do not include all the complexities (e.g. cross border customs delays, 488 

vehicle specific tax treatment, contractual exclusivity, labour turnover, endogenous competition). 489 

A stylised sensitivity figure in no way establishes causal effects and so without empirical 490 

validation it is not possible to use it to set tariffs, to finance new equipment or to assess public 491 

incentives. 492 

 493 

Future work should be to build an anonymised panel of vehicle days across a range of fleet sizes, 494 

locations and seasons. A hierarchical model could be used to estimate utilisation and realised 495 

yield with equipment class, lane direction, customer, fuel price and contract type all as 496 

covariates. Field trials could be run to compare recommendation assisted dispatch against current 497 

practice in terms of both financial performance and compliance. The analysis should also look at 498 

whether the benefits of collaboration persist under a fair settlement arrangement, whether the 499 



 

 

case for electrification holds up in the face of charging delays and how forecast error impacts 500 

pricing decisions. A replication exercise across urban delivery, industrial haulage and port 501 

drayage would be useful to determine where a common model would need to be adapted locally. 502 

 503 

7. Conclusion 504 

 505 

Commercial fleet optimisation should be viewed as a joint problem of demand selection, 506 

productive capacity, realised pricing and risk-aware capital allocation. There is certainly a body 507 

of literature which provides good tools for forecasting, dynamic routing, backhaul collaboration 508 

and ownership cost evaluation. The extent to which these can be integrated into a viable 509 

profitability framework for the Saudi context has not been adequately tested to date. This review 510 

provides an auditably structured approach which clearly separates availability from income 511 

generating utilisation and links routing decisions to investment appraisal. 512 

 513 

References 514 

[1] Ojeda Rios, B.H., Xavier, E.C., Miyazawa, F.K., Amorim, P., Curcio, E. and Santos, M.J. 515 

(2021). Recent dynamic vehicle routing problems: A survey. Computers & Industrial 516 

Engineering, 160, 107604. https://doi.org/10.1016/j.cie.2021.107604 517 

[2] Zhang, J. and Van Woensel, T. (2023). Dynamic vehicle routing with random requests: A 518 

literature review. International Journal of Production Economics, 256, 108751. 519 

https://doi.org/10.1016/j.ijpe.2022.108751 520 

[3] Soeffker, N., Ulmer, M.W. and Mattfeld, D.C. (2022). Stochastic dynamic vehicle routing in 521 

the light of prescriptive analytics: A review. European Journal of Operational Research, 298(3), 522 

801–820. https://doi.org/10.1016/j.ejor.2021.07.014 523 

[4] Los, J., Schulte, F., Gansterer, M., Hartl, R.F., Spaan, M.T.J. and Negenborn, R.R. (2025). 524 

Large-scale collaborative vehicle routing. Annals of Operations Research, 350, 201–233. 525 

https://doi.org/10.1007/s10479-021-04504-3 526 



 

 

[5] Zhang, Q., Wang, Z., Huang, M., Yu, Y. and Fang, S.-C. (2022). Heterogeneous multi-depot 527 

collaborative vehicle routing problem. Transportation Research Part B: Methodological, 160, 1–528 

20. https://doi.org/10.1016/j.trb.2022.03.004 529 

[6] Mak, S., Xu, L., Pearce, T., Ostroumov, M. and Brintrup, A. (2023). Fair collaborative 530 

vehicle routing: A deep multi-agent reinforcement learning approach. Transportation Research 531 

Part C: Emerging Technologies, 157, 104376. https://doi.org/10.1016/j.trc.2023.104376 532 

[7] Padmanabhan, B., Huynh, N., Ferrell, W. and Badyal, V. (2023). Evaluation of three 533 

collaboration and profit sharing methods for carriers in pickup-and-delivery problems. 534 

Multimodal Transportation, 2(2), 100066. https://doi.org/10.1016/j.multra.2022.100066 535 

[8] Emadikhiav, M., Bhattacharjee, S., Day, R. and Bergman, D. (2024). A decision support 536 

framework for integrated lane identification and long-term backhaul collaboration using spatial 537 

analytics and optimization. Decision Support Systems, 180, 114186. 538 

https://doi.org/10.1016/j.dss.2024.114186 539 

[9] Al Hajj Hassan, L., Mahmassani, H.S. and Chen, Y. (2020). Reinforcement learning 540 

framework for freight demand forecasting to support operational planning decisions. 541 

Transportation Research Part E: Logistics and Transportation Review, 137, 101926. 542 

https://doi.org/10.1016/j.tre.2020.101926 543 

[10] Tsolaki, K., Vafeiadis, T., Nizamis, A., Ioannidis, D. and Tzovaras, D. (2023). Utilizing 544 

machine learning on freight transportation and logistics applications: A review. ICT Express, 545 

9(3), 284–295. https://doi.org/10.1016/j.icte.2022.02.001 546 

[11] Barua, L., Zou, B. and Zhou, Y. (2020). Machine learning for international freight 547 

transportation management: A comprehensive review. Research in Transportation Business & 548 

Management, 34, 100453. https://doi.org/10.1016/j.rtbm.2020.100453 549 

[12] Ahlberg, E., Mirkina, I., Olsson, A., Söyland, C., et al. (2023). On the selection of relevant 550 

historical demand data for revenue management applied to transportation. Journal of Revenue 551 

and Pricing Management, 22, 266–275. https://doi.org/10.1057/s41272-022-00371-0 552 

[13] Almatar, K.M. (2024). Smart transportation planning and its challenges in the Kingdom of 553 

Saudi Arabia. Sustainable Futures, 8, 100238. https://doi.org/10.1016/j.sftr.2024.100238 554 



 

 

[14] Almatar, K.M., Minhas, K.S. and Farhan, M. (2024). Combining road safety and traffic 555 

operations: An integrated approach to implement system-wide transportation improvements. 556 

Transportation Research Interdisciplinary Perspectives, 24, 101091. 557 

https://doi.org/10.1016/j.trip.2024.101091 558 

[15] Khayyat, M., Balfaqih, M., Balfaqih, H. and Ismail, M. (2024). Challenges and factors 559 

influencing the implementation of green logistics: A case study of Saudi Arabia. Sustainability, 560 

16(13), 5617. https://doi.org/10.3390/su16135617 561 

[16] Almatar, K.M. (2023). Towards sustainable green mobility in the future of Saudi Arabia 562 

cities: Implication for reducing carbon emissions and increasing renewable energy capacity. 563 

Heliyon, 9(3), e13977. https://doi.org/10.1016/j.heliyon.2023.e13977 564 

[17] Alghuson, M. (2023). Exploring the transport infrastructure sustainability performance: An 565 

investigation of the transportation projects in Saudi Arabia. Sustainability, 15(19), 14174. 566 

https://doi.org/10.3390/su151914174 567 

[18] Alahmadi, R.N.A. and Alzahrani, A. (2023). The effect of data science on urban 568 

sustainability through the optimization of demand-responsive transportation. Journal of Umm Al-569 

Qura University for Engineering and Architecture, 14, 172–187. https://doi.org/10.1007/s43995-570 

023-00029-x 571 

[19] Moreau, F. and Aligishiev, Z. (2024). Diversification in sight? A macroeconomic assessment 572 

of Saudi Arabia’s Vision 2030. International Economics, 180, 100538. 573 

https://doi.org/10.1016/j.inteco.2024.100538 574 

[20] Babaei, A., Khedmati, M., Akbari Jokar, M.R. and Babaee Tirkolaee, E. (2023). Sustainable 575 

transportation planning considering traffic congestion and uncertain conditions. Expert Systems 576 

with Applications, 227, 119792. https://doi.org/10.1016/j.eswa.2023.119792 577 

[21] Jahangir Samet, M., Liimatainen, H., Pihlatie, M. and van Vliet, O.P.R. (2024). Levelized 578 

cost of driving for medium and heavy-duty battery electric trucks. Applied Energy, 361, 122976. 579 

https://doi.org/10.1016/j.apenergy.2024.122976 580 



 

 

[22] Noll, B., del Val, S., Schmidt, T.S. and Steffen, B. (2022). Analyzing the competitiveness of 581 

low-carbon drive-technologies in road-freight: A total cost of ownership analysis in Europe. 582 

Applied Energy, 306, 118079. https://doi.org/10.1016/j.apenergy.2021.118079 583 

[23] Lal, A., Renaldy, T., Breuning, L., Hamacher, T. and You, F. (2023). Electrifying light 584 

commercial vehicles for last-mile deliveries: Environmental and economic perspectives. Journal 585 

of Cleaner Production, 416, 137933. https://doi.org/10.1016/j.jclepro.2023.137933 586 

[24] Feng, Y. and Dong, Z. (2023). Comparative lifecycle costs and emissions of electrified 587 

powertrains for light-duty logistics trucks. Transportation Research Part D: Transport and 588 

Environment, 117, 103672. https://doi.org/10.1016/j.trd.2023.103672 589 

[25] Sharifi, F., Burris, M.W., Quadrifoglio, L., Duffield, N., Xu, X., et al. (2024). Electric truck 590 

feasibility for port drayage operations: Port Houston case study. Transportation Research Part D: 591 

Transport and Environment, 135, 104355. https://doi.org/10.1016/j.trd.2024.104355 592 

[26] Meyer, M. and Bousonville, T. (2025). Analysis of truck electrification potential based on 593 

real-world data. Transportation Research Procedia, 91, 107–114. 594 

https://doi.org/10.1016/j.trpro.2025.10.015 595 

[27] Peng, W. and Xue, Z. (2023). Route planning and benefit assessment of container drayage 596 

platooning considering truck laden-or-empty state. Computers & Industrial Engineering, 175, 597 

108879. https://doi.org/10.1016/j.cie.2022.108879 598 

[28] Comi, A. and Hriekova, O. (2024). Managing last-mile urban freight transport through 599 

emerging information and communication technologies: A systemic literature review. 600 

Transportation Research Procedia, 79, 162–169. https://doi.org/10.1016/j.trpro.2024.03.023 601 

[29] Rahman, M.M., Rahman, S.M., Shafiullah, M., Hasan, M.A., Gazder, U. et al. (2022). 602 

Energy demand of the road transport sector of Saudi Arabia—Application of a causality-based 603 

machine learning model to ensure sustainable environment. Sustainability, 14(23), 16064. 604 

https://doi.org/10.3390/su142316064 605 

[30] Alanazi, F. and Alenezi, M. (2024). Sustainable transportation and intelligent infrastructure 606 

development in Saudi Arabia: A study on the impact of Saudi Vision 2030 and renewable energy 607 



 

 

integration. Emerging Cutting-Edge Applied Research and Development in Intelligent Traffic 608 

and Transportation Systems. https://doi.org/10.3233/ATDE241184 609 


