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	Activity
	Duration
	Activity Description

	Introduction and problem formulation
	15 min
	Welcome the participants, introduce tools, make them comfortable with technology. Ice breaker: what are the expectations for the day?

	Hopes and fears
	25 min
	Participants are divided into breakout rooms of 3-4 participants, where they first individually think about their hopes and fears for the challenge, then they cluster them together and have some time for individual voting. When the participants come back to the main room, they have time for a brief discussion of key takeaways.

	Break
	5 min
	 

	Orientation to system thinking
	10 min
	Introduction to system thinking and system dynamics modelling.

	Variable elicitation
	25 min
	Participants are divided into breakout rooms (not same as before, 3-4 participants in each room), where they first individually write down the relevant variables in the problem, then they cluster them together and have some time for individual voting. When the participants come back to the main room, they have time for a brief discussion of the most voted variables.

	Break
	5 min
	 

	Graphs over time
	30 min
	The purpose is to get the expert groups’ view on the system behavior for a set of “extreme” technological developments. Each group discusses and documents their reasoning on the causal effects in the system. Then, they draw the outcome on TKM and some other relevant variable (e.g. cost, fleet size, penetration rate, emissions).

	Break
	5 min
	 

	Identify causal links
	50 min
	Participants are divided first into groups of 3-4 people, where they create a causal loop diagram, identifying hypothesized causal relationships between variables. In these larger groups, they discuss the diagrams created and try to combine them. When the participants come back to the main room, they have time to explain one diagram per group.

	Closing
	10 min
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Figure S1. An example output from the Group Model Building workshop
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Figure S2. An example output from first impact analysis workshop
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Figure S3. An example output from second impact analysis workshop




































Table S2. The direct and induced impacts of electrification on the road freight transport system, along with potential policy interventions, were identified during the workshops with experts. Directions are denoted by: “+” for positive/increase, “−” for negative/decrease, and “?” for uncertain/limited evidence or no clear direction for change. Refer to Figure 2 for the positions of impacts and policy interventions. Many of the impacts have also previously been identified in the literature, and in those cases, references are provided.
	No.
	Possible impact of electrification
	Direction

	Comments
	Sources

	 
	Direct Impact
	 
	 
	

	D1
	Vehicle purchase cost
	+
	E-trucks, including batteries, are expected to be more expensive than their diesel counterparts.
	Basma et al., 2021; 
Noll et al., 2022; 
Parviziomran and Bergqvist, 2023)

	D2
	Vehicle operation cost (fuel per km & maintenance)
	-
	E-trucks are anticipated to have lower vehicle operational costs, including fuel per kilometre and maintenance.
	Basma et al., 2021; 
Noll et al., 2022; 
Parviziomran and Bergqvist, 2023)

	D3
	Demand for charging infra. expansion and fuel change
	+
	To operate e-trucks, a new charging network and electricity in the transport sector are necessary.
	Alp et al., 2022; 
Gutierrez and Huge-Brodin, 2022

	D4
	Carbon intensity and emissions
	-
	E-trucks have lower tailpipe emissions. Note that in the early stages of electrification adoption, emissions may rise due to emissions from infrastructure construction.
	Gustafsson et al., 2021;
Nicolaides et al., 2019;
Tamba et al., 2022

	D5
	Refuelling/recharging time
	+
	Recharging times for e-trucks are longer and more frequent compared to refuelling times for diesel trucks.
	Ahmadi, 2019; 
Link and Plötz, 2022;
Taefi, 2016

	D6
	Payload capacity
	-
	The weight of the battery reduces the payload capacity of e-trucks in weight-constrained applications.
	Magnusson and Berggren, 2018; 
Morganti and Browne, 2018

	 
	Induced Impact
	 
	 
	

	I1
	Route choice (optimal)
	-
	Detours might be needed to access charging points.
	Ewert et al., 2021; 
Raeesi and Zografos, 2022

	I2
	Transport planning (complexity)
	+ 
	Charging planning leads to greater complexity in transport planning by fleet managers.
	Al-Hanahi et al., 2022;
Kin et al., 2021; 
Zhang et al., 2020

	I3
	Utilisation of vehicle
	?
	High purchase costs and reduced load capacity require higher e-truck utilisation rates for compensation. However, the time spent searching for a charging spot and waiting at stations may decrease the utilisation rate. Additionally, reduced noise emissions enable nighttime e-truck deliveries, potentially boosting their utilisation rates.
	Gillström et al., 2023;
Gutierrez and Huge-Brodin, 2022

	I4
	Mode split (shift to road)
	? 
	Adopting e-trucks might reduce total ownership costs, shifting from rail and marine transport to trucks for greater flexibility, profitability, and customer satisfaction.
	 

	I5
	Traffic and logistics flexibility
	-
	Traffic flexibility is limited due to the complexities of charging and transport planning. Moreover, logistics flexibility is constrained by reduced load capacity.
	Kin et al., 2021 

	I6
	Congestion
	+
	Increased detours, charging queues and additional trips (due to reduced payload capacity), can lead to more congestion in the system.
	 Alp et al., 2022

	I7
	Vehicle ownership
	- 
	High purchase costs and uncertainty about residual value may lead to a shift to financial or operational leasing business models, and reduced vehicle ownership.
	Link and Plötz, 2022;
Noll et al., 2022

	I8
	Vehicle type choice (e.g. weight, fuel type)
	? 
	In the initial phase of e-truck adoption, there are fewer options available to choose from.
	Gillström et al., 2023 

	I9
	Business models of freight companies (complexity)
	+
	Freight companies will need to adjust their business models to accommodate e-trucks and complex charging planning, potentially requiring new income streams and new collaborations and partnerships.
	Gillström et al., 2023

	I10
	Shipment frequencies
	+
	Reduced payload might lead to decreased average shipment size and increased shipment frequencies.
	

	I11
	Contract circumstance
	?
	Contracts between transport buyers and freight companies should have longer durations to enable freight companies to make investments in e-trucks. Who should bear the additional costs incurred during the first phase of adoption: the shipper, the freight company, or the customer?
	

	I12
	Logistics operation cost (monetary and time costs)
	+
	Logistics operation costs may increase due to:
i) reduced load capacity, resulting in more frequent shipments. ii) longer charging times, leading to less productive driving time. iii) potential detours to reach charging points
	Alp et al., 2022; 
Gutierrez and Huge-Brodin, 2022

	I13
	Freight transport demand (ton-km)
	?
	The impact of electrification on freight transport demand (induced demand) is uncertain, mainly because the total cost effect is uncertain.
	

	I14
	Location of nodes (supply chain and transportation layers)
	?
	Strategic location decisions for nodes in both the supply chain and transportation layers should consider accessibility to the grid and electricity network. Moreover, these nodes should be equipped with multiple charging infrastructures.
	Jahn et al., 2021;
Londoño and Granada-Echeverri, 2019

	I15
	Structural decisions and behaviour (supply chain and transportation layers)
	?
	In addition to national and global emission targets, many companies, in both transport buyers and freight companies, set their internal emission goals, motivating the transition to e-trucks. These emission goals are defined mostly by transport buyers, which are larger companies with more financial resources compared to smaller, low-margin freight companies.
	İmre et al., 2021;
Dahlgren and Ammenberg, 2022;
Gillström et al., 2024


	 
	Policy intervention 
	 
	 
	

	P1
	Vehicle purchase cost
	
	Government incentives to reduce e-truck purchase costs.
	

	P2
	Price of fuel (electricity, diesel)
	 
	Government policies involve subsidising electricity prices to reduce the operational costs of e-trucks and taxing diesel fuel to make e-trucks more attractive.
	

	P3
	Energy supply and transmission infrastructure 
	 
	Government investment in constructing renewable electricity power plants and upgrading the electricity grid network
	

	P4
	Freight refuelling/ charging infrastructure
	 
	Government incentives for charging station construction.
	

	P5
	Truck manufacturing and battery technology
	 
	Government investment in supporting innovations within e-trucks and battery technologies
	

	P6
	Emission goals
	
	Governments, both at the national and international levels, are setting emission goals to motivate the adoption of fossil-free transport.
	

	P7
	Awareness of green trends and climate change
	
	Investment in programmes aimed at educating customers, freight companies, and shippers about climate change and the importance of considering the climate impact of their activities
	












































Table S3. Explaining the dynamics of variables in different loops of the CLD model of e-truck attractiveness. R for reinforcing loops and B for balancing loops. Green arrows for the same direction impact and red arrows for the opposite direction impact.
	Loop name
	R / B
	Dynamics of variables

	"Awareness"
	R1
	E-truck market share → awareness of technology → Attractiveness of e-truck → E-truck market share

	"Access to charging"
	B1
	E-truck market share → Electricity and charging demand → Market gap of charging infra. → Attractiveness of e-truck → E-truck market share

	"Investment in charging"
	B2
	Market gap of charging infra.→ Willingness to invest in charging infra. → Charging Infrastructure → Market gap of charging infra.

	"Green mindset"
	B3
	GHG emissions from transport → emission gap → Green mindset of transport companies → Willingness to put in extra effort for achieving fossil-free transportation → Attractiveness of e-truck→ E-truck market share → GHG emissions from transport

	"Price of electricity"
	B4
	Attractiveness of e-truck → E-truck market share → Electricity and charging demand → Electric power demand → Price of electricity → E-truck total cost of ownership → Attractiveness of e-truck

	"Learning by doing"
	R2
	Attractiveness of e-truck → E-truck market share → R&D spending on e-trucks → E-truck production improvements → E-truck purchase cost → E-truck total cost of ownership → Attractiveness of e-truck

	"Complexity of planning " 
	B5
	Attractiveness of e-truck → E-truck market share → Electricity and charging demand → Market gap of charging infra. → Losses due to planning complexity → E-truck total cost of ownership → Attractiveness of e-truck

	"Business development"
	B6
	Losses due to planning complexity → Pressure to invest in planning and business development → Applying planning tools (adapting business model) → Losses due to planning complexity

	"Demand price balance"
	B7
	Transport price→ Transport demand → Transport price

	"Demand rebound effect"
	R3
	GHG emissions from transport → Emission gap → Governmental subsidies → E-truck purchase cost → E-truck total cost of ownership → Transport price → Transport demand → GHG emissions from transport

	"Reaching climate goals 1" 
	B8
	Attractiveness of e-truck → E-truck market share → GHG emissions from transport → Governmental subsidies → E-truck purchase cost→ E-truck total cost of ownership → Attractiveness of e-truck

	"Reaching climate goals 2" 
	B9
	Attractiveness of e-truck → E-truck market share → GHG emissions from transport → Governmental subsidies → Electric power supply → Price of electricity → E-truck total cost of ownership → Attractiveness of e-truck

	"Reaching climate goals 3"
	B10
	Attractiveness of e-truck → E-truck market share → GHG emissions from transport → Governmental subsidies → Charging Infrastructure → Market gap of charging infra. → Attractiveness of e-truck

	"Reaching climate goals 4"
	B11
	Attractiveness of e-truck → E-truck market share → GHG emissions from transport → Governmental subsidies → Price of electricity → E-truck total cost of ownership → Attractiveness of e-truck




Table S4. Explaining the dynamics of variables in different loops of the CLD model of trade-off between truck battery size vs. fast charging infrastructure. R for reinforcing loops and B for balancing loops. Green arrows for the same direction impact and red arrows for the opposite direction impact.
	Loop name
	R / B
	Dynamics of variables

	"Demand price balance"
	B1
	Transport price → Transport demand → Transport price

	"Transport cost effect"
	B2
	Transport Cost → Transport price → Transport demand → Numbers of trips to fulfil a demand → Transport Cost

	"Congestion effect"
	B3
	Transport Cost → Transport price → Transport demand → Numbers of trips to fulfil a demand→ Vehicle mileage→ Congestion→ Transport time → Transport Cost

	"Road expansion"
	B4
	Congestion → Pressure to invest in infra → Road infrastructure → Congestion

	"Investment in 
charging stations"
	B5
	Market gap of charging infrastructure → Willingness to invest in charging infra → Number of charging infrastructure → Market gap of charging infrastructure

	"Trust of widespread charging stations"
	R1
	Battery size → Vehicle Range → Demand for charging station (fast chargers) → Market gap of charging infrastructure → Willingness to invest in charging infra → Number of charging infrastructure → trust on widespread charging networks (long-term) → Battery size
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