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“ E-MaaS is the integration of multiple forms of eco-friendly 

transportation modes—including human-powered vehicles and electric 
public transport—and shared electric mobility services (e.g., e-car 
sharing, e-bike sharing, e-scooter sharing, e-bus, e-taxi) into a single 
mobility service that allows travelers to plan and travel in an eco-
friendly and seamless way. The service is offered through a single 
customer-centered interface, and it also involves the prearrangement of 
electric mobility technologies and infrastructure (e.g., charging stations, 

energy contracts).”

The concept of electric Mobility-as-a-Service (E-MaaS)

Reyes Garc ı́a et al. (2019) 
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Figure. Average global electric vehicle subsidies at purchase in selected countries in 2023 (in US dollars)

Source: [Electric vehicles: A global overview 2023]

EV subsidy incentives 

• Governments and organizations worldwide 
have introduced incentives like subsidies 
and carbon credits, positioning EVs as a 
key technology to reduce fossil fuel 
reliance and GHG emissions.

• Looking globally, Singh et al. (2023) 
examined research trends on EV adoption 
since the 1980s, noting a surge in interest 
post-2010 and proposing a research 
agenda to further promote EVs. 
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Carbon credits incentives 

Carbon Credit Pricing Chart: Updated 2023 (Source: World bank)

Emission reduction fund in Australia

2023
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Over 30 million users

Carbon credits online shop

Beijing MaaS platform with carbon incentives

2019:

•Launched China‘s first green MaaS platform.

2020:

•Introduced an innovative carbon inclusion scheme 
based on MaaS.

•Rolled out the "MaaS Travel, Green Movement 

Across the City" carbon incentive initiative.

•Users accumulate carbon emission reductions by 

using public transport, bikes, or walking via an app.
•Rewards include public transportation vouchers and 

shopping coupons, promoting green travel behavior.

2021:

•Completed the world's first green travel carbon 
inclusion transaction.

2022:

•Supported over 100 million trips during the Winter 

Olympics.
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MaaS Global has filed for bankruptcy

MaaS Global, a Finnish mobility startup founded in 2015, has 
filed for bankruptcy today, according to Helsinki District Court 
records. The company raised more than $162m from investors.
Its city travel app Whim enabled customers to see all the 
available travel options in a city in one place.

Finnish newspaper Helsingin Sanomat reports that the company 
had around 10k active users in Helsinki, but lost €9.3m in 2022, 
making revenues of €3.8m that year, according to its latest 
financial report.

The news comes at a difficult time for mobility startups, with 
companies merging and making layoffs as they chase profitable 
unit economics.

https://sifted.eu/articles/scooter-startups-tier-dott-merger
https://sifted.eu/articles/voi-layoffs-news
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How to balance sustainability and profitability in E-MaaS ecosystem?

sustainability
profitability
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Figure. An E-MaaS ecosystem with multiple MaaS platforms and travelers

Problem statement
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Multi-leader multi-follower game (MLMFG)
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Multi-leader problems (Objective function)
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Multi-leader problems (Constraints)
ERF budget constraint:

EV subsidy constraint:

EV acquisition constraint:

Travel distance requirement for E(T)-MaaS bundle

Service time and delay time requirement for E(T)-MaaS bundle:

Inconvenience requirement for E(T)-MaaS bundle

Supply capacity constraint:

Supply-demand gap:

Unit price:

Unit rewards:

Bound constraints on leader variables
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Follower-problems
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Multi-leader multi-follower game (MLMFG)
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Multi-leader multi-follower game (MLMFG)
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Decomposition of MLMFG model
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Alternating direction method of multipliers (ADMM) algorithm

Input and Initialization
External Loop (solve MLMFG model): 
 Middle Loop (solve each platform’s subproblem 1):

 Inner Loop (solve follower problems within each platform): 
check convergence criteria

Update variables based on the solutions from the middle loop
Check convergence of the entire MLMFG solutions.

Output: Optimal solutionsare output (Line 37).
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Figure: Convergence residuals of external and middle loop in Algorithm 1
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Figure: Profits, revenue and costs of three MaaS platforms

Observation. In the MaaS market, 
increasing the number of platforms leads 
to fiercer competition and potentially 
lower profits. In a monopolistic market, a 
single platform can achieve higher 
profits; however, this advantage 
diminishes with the entry of multiple 
platforms, each engaging in competition.
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Figure: Profits, and EV acquisition ratio of MaaS platforms with different number users

Observation. In smaller markets, MaaS platforms heavily rely on the government’s ERF for profits. As the market 
expands, MaaS platforms shift their focus towards cost-efficiency, providing a variety of travel modes. In larger 
markets with limited ERF budgets, platforms will strategically integrate different electric modes to balance operation 
costs and carbon credits revenue.
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Figure: Users’ participation levels for E(T)-MaaS bundles and other options under various ERF budgets

Observation. Higher ERF budgets can 
simultaneously boost the profitability of MaaS 
platforms and encourage eco-friendly travel 
behavior, achieving the synergy between 
profitable and environmental goals. MaaS 
platforms can strategically invest in different 
electric modes and incentivize more users to 
select E-MaaS services, thereby generating 
more carbon credits.
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Figure: MaaS platforms’ profits, EV acquisition ratio, and reduced CO2 emission under 6 scenarios

levels for E(T)-MaaS bundles across three platforms and their reserved options under various unit

Table: Government’s subsidy rate under 6 scenarios

Observation. The government’s subsidy rates for EV acquisition 
can significantly impact MaaS platforms’ profits and market 
dynamics. Over-subsidizing specific modes, such as CT, can 
reduce market diversity and potentially lead to user attrition 
(Scenarios 2 and 3). On the other hand, increasing subsidy rates 
for modes with higher emissions like Taxi and Rideshare can 
motivate MaaS platforms to invest more in EVs, thereby 
achieving the dual benefits of earning carbon credits and 
increasing revenue from users’ payments (Scenarios 0, 4 and 5).
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• We introduce a multi-leader multi-follower game: Each leader (MaaS platform) competes to 
maximize its profits by determining the unit price for E(T)-MaaS services, unit rewards for E-MaaS 
users, EV acquisition ratio, E(T)-MaaS bundle allocation, and the supply-demand gap, by 
anticipating the participation levels of all travelers for the platform. In response to the leaders’ 
decisions, each follower (traveler) decides her participation level for E(T)-MaaS services across 
multiple MaaS platforms, minimizing travel costs.

• We customize an alternating direction method of multipliers (ADMM) algorithm to address the 
challenges of solving a large-scale MLMFG model involving multiple MaaS platforms and travelers 
with conflicting payoffs. By decomposing each leader’s problem into two subproblems, the 
customized ADMM algorithm allows for distributed and parallel processing and shows rapid 
convergence, therefore significantly reducing the computational burden and obtaining the optimal 
solutions of the proposed MLMFG efficiently.

Conclusion

• We consider an E-MaaS ecosystem where multiple MaaS platforms leverage carbon credit payments
from governments’ emissions reduction fund (ERF) as an alternative revenue stream by incentivizing 
users to opt for more E-MaaS bundles with rewards, turning a sustainability initiative into financial 
benefits. This E-MaaS ecosystem offers a vital lifeline to MaaS operators facing the challenges of 
economic and environmental sustainability.
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Q&A

Thank you for your kind attention!

Strategizing sustainability and profitability in electric
Mobility-as-a-Service (E-MaaS) ecosystems with

carbon incentives: A multi-leader multi-follower game
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