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Abstract: Public transportation in cities is negatively affected by reliance on petroleum-
based fuels, leading to emissions and poor air quality. Although the environmental evalua-
tion of alternative buses in terms of sustainability has been extensively studied, the social
dimensions have not received as much attention. In this regard, this research examines
the social implications of alternative urban buses through life cycle impact assessment
(LCIA) methods, including Eco-Indicator 99, Impact 2002+, and ReCiPe Endpoint. The
results indicate that diesel buses significantly impact health, while hybrid, fuel cell, and
electric buses can decrease emissions by 50%. These results underscore the necessity of
zero-emission technologies to enhance urban air quality and promote better public health.

Keywords: urban buses; alternative fuels; human health; LCIA; social sustainability

1. Introduction

Urban mass transit fosters social inclusion by connecting people to employment, edu-
cation, and essential services [1]. To this end, alternative city buses invigorate urban life
by offering affordable and reliable mobility solutions that counteract social inequality and
enhance community connectivity [2]. Consequently, cities around the globe are moving
away from diesel-powered transportation to tackle environmental and public health issues.
Additionally, these progressive solutions advance social equity by ensuring that all resi-
dents, particularly those in marginalized neighborhoods, can access modern, eco-friendly
transit alternatives [3].

Given their significance, urban bus networks play a crucial role in shaping the social
landscape of cities. Specifically, they affect public health, social equity, and job availability.
Therefore, developing effective assessment methods to gauge their societal effects is essen-
tial. In this context, this section examines two main elements: the social consequences of
urban buses and ways to evaluate their influence.

1.1. Social Implications of Urban Buses

Public transportation impacts human health by affecting air quality and the well-being
of commuters and increasing exposure to infectious diseases. Conventional diesel buses are
major contributors to air pollution, releasing nitrogen oxides (NOx) and particulate matter
(PM), which have been associated with respiratory and cardiovascular conditions [4]. It is
possible to minimize such health hazards to humans by adopting cleaner alternatives such
as electric and hydrogen buses. In addition, city buses are potential vectors of airborne
infection, mainly when operating in enclosed spaces with minimal ventilation [5]. The
COVID-19 pandemic demonstrated the spread of disease through buses and brought about
a reduced usage of public transportation in most cities [6].
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In addition to health issues, urban buses are crucial for fostering equity by facilitating
mobility for underprivileged communities. Nevertheless, variations in service quality often
lead to decreased accessibility for low-income individuals. Studies conducted in cities like
Shenyang and Perth have shown that lower-income residents face longer travel durations
and inferior service quality, restricting their access to jobs, educational opportunities, and
healthcare [7,8]. Policy measures such as fare subsidies and enhanced route planning are
essential to tackle these disparities.

Urban buses also play a role in job creation by providing operations, maintenance, and
administration positions. However, transitioning to cleaner bus technologies changes job
structures and necessitates new skill requirements for transit employees [9]. While better
transit accessibility boosts employment prospects, automation presents a potential risk to
conventional transit jobs, particularly for bus operators [10]. Despite worries about job
losses, new opportunities are arising in data analytics and transit management.

1.2. Assessment Methods for the Societal Impact of Urban Buses

A comprehensive assessment of urban buses’ social impact should combine quantita-
tive and qualitative methods. Quantitative methods, such as life cycle assessment (LCA)
and cost-benefit analysis (CBA), provide measurable data on emissions-related health
effects, jobs, and economic accessibility [11,12]. Conversely, qualitative methods such as
stakeholder interviews, surveys, and social impact assessments (SIAs) help to capture
societal issues such as equity in access to transport and public attitudes [13]. By integrating
these methods, a comprehensive assessment can be carried out to better understand the
broader implications of urban bus systems on people’s health, employment opportunities,
and social inclusion.

Air quality poses a significant challenge for urban buses. The computational fluid
dynamics study in [5] explores the risks of airborne transmission within buses, emphasizing
the role of heating, ventilation, and air conditioning (HVAC) systems in mingling infectious
particles. This research is best suited to assessing pandemic-related health risks in public
transport environments.

Public transport equity is generally quantified by spatial accessibility analyses us-
ing Geographic Information Systems (GISs) and time-dependent models. These analyses
have indicated that rich and poor groups have significant disparities in accessibility [14].
Structural equation modeling (SEM) additionally aids in elucidating the connection be-
tween transit access and socioeconomic factors, providing substantial insights for decision-
makers [7].

Assessments of employment impacts employ labor market models and econometric
analyses to determine job creation within the transit sector. Research has shown that
enhanced transit accessibility notably boosts employment rates, particularly among low-
income groups [15].

1.3. Novelty and Objectives of This Study

While alternative fuel buses are favored for reducing emissions, their health implica-
tions over the long term have not been investigated well. While most research is aimed
towards air quality improvement, there is limited in-depth research on how hybrid, electric,
and fuel cell buses affect human health compared to diesel buses. Transit equity research
also neglects the role digitalization plays in increasing accessibility, and job employment
studies say little about automation and policy impacts on transit workforce growth. A
holistic, multi-disciplinary strategy is essential to bridge these deficits for sustainable and
inclusive cities.
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This paper formulates the information on the social impact of alternative fuel city
buses, with a particular emphasis on human health, as research in other areas of society
has only been limited to the study area. It particularly evaluates the health effects of hybrid
(diesel-electric), electric, and fuel cell buses compared to conventional diesel buses. To
ensure a comprehensive assessment, the study applies Life Cycle Impact Assessment (LCIA)
methodologies—Eco-Indicator 99, Impact 2002+, and ReCiPe End-point—to quantify their
human health implications.

The rest of the paper is structured as follows: first, it examines the social and health
effects of alternative fuel buses using LCIA methods; second, it analyzes and compares
the results to offer a clearer understanding of their health impacts; and finally, it provides
recommendations for enhancing social sustainability in urban transport systems.

2. Materials and Methods

In this study, two well-documented approaches—systematic literature review (SLR)
and life cycle impact assessment (LCIA)—are merged to evaluate the social effects of
alternative urban buses from the perspective of human health. This research offers a
valuable overview of sustainable urban transport by combining qualitative evidence from a
broad literature survey with quantitative indicators using life cycle impact tools. This dual
approach enables a clearer understanding of the pros and cons of transitioning towards
cleaner bus technologies.

The review includes papers published between 2014 and 2024 and extensively analyzes
prominent trends and emerging themes in the social impacts of the transition to new
technologies for city buses. To ensure a reliable selection process was carried out, papers
were retrieved from reputable academic databases such as Scopus and Web of Science. The
review concentrates on studies on the social components of adopting these technologies.

The LCIA approach plays a valuable role in the life cycle assessment (LCA) framework
as a whole as it can measure transport systems’ social and environmental footprint [16].
While environmental LCA is well grounded in urban transport research, social LCA is
emerging as an essential tool for evaluating broader societal impacts, particularly for
public transit [17-19]. Urban buses have considerable implications for human health, social
equity, and community well-being, and therefore, they are a suitable subject for social
impact assessment. To analyze such dimensions, in this research, LCIA methods such as
Eco-indicator 99, Impact 2002+, and ReCiPe Endpoint are used [20]:

e  Eco-indicator 99 analyzes human health, ecosystem quality, and depletion of resources.
Although it supplies very little detail regarding social effects, it supports an analysis
of the general impacts of health issues caused by pollution.

e Impact 2002+ combines environmental and social impacts into endpoint indicators,
focusing on social vulnerabilities such as the effect of resource depletion on poor
individuals. Its primary focus remains on environmental outcomes.

e ReCiPe Endpoint comprehensively evaluates environmental and social impacts with
factors on health, availability of resources, and displacement. Although it considers a
broad range of social impacts, its primary concern remains indirect effects, with less
consideration of equity and labor rights.

The LCIA method quantifies urban transport systems’ social and environmental
impacts in monetary units with the assistance of the OPENLCA software developed by
GreenDelta in conjunction with the LCIA version 2.0.2 [18].

This study involves a cast study of Oujda (Morocco) to put the results into perspective.
It examines the social impacts of transitioning from conventional fossil fuel-based buses
to alternative urban buses (hybrid, electric, and hydrogen). Exploring this real case helps
to describe Morocco’s situation and highlights challenges in adopting alternative urban
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transport, offering a local perspective of the broader implications of such changes in a

developing country.

To estimate the potential social impacts of alternative urban buses in Morocco and

their contribution to improving human health, the following inputs and assumptions have

been considered:

The LCIA model’s assumptions and sources of data are based on a study [19] of the
average coverage of the public transport operator’s bus fleet, daily bus operating
hours, and the Moroccan electricity generation mix for electric buses.

Table 1 indicates the weighting applied to each of the pollutants emitted. It presents a
comparative analysis of the social impacts, in terms of human health, of alternative
urban buses using three LCIA methods: Eco-indicator 99, ReCiPe Endpoint, and
Impact 2002+ (Endpoint). The table shows the effect of various emissions (such as CO,,
CH4, N,O, VOC, NOy, PMyg, PM; 5, and SO;) on some of the major health-related
categories that include climate change, respiratory effects (both inorganic and organic),
particulate matter formation, and photochemical oxidant formation. The impact of
each emission is shown in Disability-Adjusted Life Years (DALY) per kilogram. It is
expressed in terms of equivalence units (e.g., kg CO3 g, kg CoHyeq, kg PMp5¢q) to
depict its contribution to specific health burdens. In so doing, this table provides a
clear basis for a comparison of the human health impacts of various bus technologies
by linking pollutant emissions to their overall social and health effects.
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Table 1. The weighting of the different air pollutant emissions.

Eco-Indicator 99 (E,E) ReCiPe Endpoint (E,A) Impact 2002+ (Endpoint)

Particulate = Photochemical

LCIA 2.0.2 i i i i
Climate Respiratory  Respiratory Climate Matter Oxidant Climate Change Respiratory Inaorganic Respiratory Organic

Change Inaorganic Organic Change Formation  Formation
CO. -7 6 CO; (kg
(DALY/kg) 21010 3.51 x 10 COs 2qllp) 1.00
CH, (kg
CH4 —6 -8 -5 3.94 x CH4 (kg _3
(DALY/kg) 440 x 10 128 x 1078 267 x 10 1010 CO, safte) 10.35 C,H, 6.01 x 10
8 q/kg
eq/kg)
N>0 5 4 N,O (kg
(DALY/kg) 09010 5.37 x 10 COneqliy 19600
VOC (kg
voc . L B
(DALY/kg) 6.46 x 10 3.90 x 10 CyH, 3.03 x 10
eq/kg)
CO (kg
co -7 7 o CO(kg "
(DALY/kg 32 %107 731x10 1783107 (o0 ealkg) 1.57 eP;VI/lf ,gs) 1.04 x 10
X -5 -5 -8 1
(DALY/kg) 891 x 10 572 x 107°  3.90 x 10 :2\4/1(2 ,gs) 127 x 10
PMjg 4 4 PMjyo (kg .
(DALY/kg) 3.75 x 10 2.60 x 10 :’;\4/1(2 ,gs) 536 x 10
PM, 5 4 4 PM;5 (kg
(DALY/kg) 7.00 x 10 2.60 x 10 :;\4/1(2 ;) 1.00
SO SO, (kg
x -5 -5 -9 _n
(DALY/kg) 546 x 10 520 x 107°  3.16 x 10 :;\4/1(2 ;) 7.80 x 10
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3. Results and Discussion
3.1. Analysis of the Results

The analysis provides relevant information on the impact of alternative urban buses
on human health through three channels. The comparison provides an insight into the
compromises in adopting sustainable transport modes and their impacts on human health,
particularly climate change and respiratory diseases.

3.1.1. Eco-Indicator 99: Human Health Damage Assessment

The assessment using Eco-Indicator 99 highlights the health effects associated with
urban buses, especially regarding climate change and inorganic respiratory pollutants, as
illustrated in Figure 1. Concerning climate change, diesel buses are the most detrimental,
resulting in about 2.0 DALYs (Disability-Adjusted Life Years) due to elevated CO, emis-
sions. Although hybrid buses save fuel and lower the impact to approximately 1.5 DALYs,
they are also diesel powered. On the other hand, electric buses reduce the burden to
about 1.0 DALYs, while their sustainability depends on the local energy composition. It is
noteworthy that hydrogen fuel cell buses have the least negligible effect at about 0.5 DALYs,
making them a candidate for the cleanest option. Similarly, in the category of inorganic
respiratory pollutants primarily driven by substances like sulfur oxides (SOx), NOy, PMjj,
and PM; 5, diesel buses have the most significant effect at roughly 0.6 DALYs. While hybrid
buses reduce this figure to 0.4 DALYs and electric buses further cut it down to 0.3 DALYs,
hydrogen fuel cell buses almost eliminate this impact, with a DALY approaching zero,
underscoring their benefit of zero tailpipe emissions.

Eco-Indicator 99

H CIDI City Buses: Diesel

Grid-Independent Hybrid Electric City Buses:
Diesel

B Electric City Buses: Electricity, based on
energy mix

| l l M Fuel-Cell City Buses: Hydrogen gas
11

N.O CO CO NO. PMj PMzs SO, CHy VOC

Climate Change Respiratory inaorganic Respiratory

organic

Figure 1. Impact assessment using the Eco-indicator 99 method for each bus technology in the
investigated case.

3.1.2. ReCiPe Endpoint: Comprehensive Human Health Impacts

The ReCiPe endpoint assessment continues the analysis by decomposing impacts
into climate change, particulate matter formation, and photochemical oxidant formation,
as shown in Figure 2. Diesel buses contribute the most to climate change, at around
34 DALYs due to CO, emissions. Hybrid buses reduce this to 25 DALYs, and electric
buses reduce further to 20 DALYs, depending on the energy mix. Hydrogen fuel cell
buses contribute the least, at approximately 12 DALYs, since they refer to their potential
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sustainability. Even the formation of particulate matter, which is caused mainly by PM;g
and PM; 5 emissions, highlights the benefits of cleaner city bus alternatives, where diesel
buses contribute 1.5 DALYs and hybrid (1.0), electric (0.7), and hydrogen buses contribute
under 0.5. Similarly, for the production of photochemical oxidants at the behest of volatile
organic compounds (VOCs), nitrogen oxides (NOy), and carbon monoxide (CO) emissions,
diesel buses again have the highest contribution with 1.2 DALYs. Hybrid (0.8), electric (0.6),
and hydrogen buses (0.3), on the other hand, register declining figures. Thus, hydrogen
fuel cell buses consistently have the lowest health effects again, reaffirming their position
as a viable alternative for sustainable urban transport.

ReCipe Endpoint

m CIDI City Buses: Diesel

Grid-Independent Hybrid Electric City
Buses: Diesel

B Electric City Buses: Electricity, based on
energy mix

m Fuel-Cell City Buses: Hydrogen gas

s £ ¢ Z¥8 g
> £ 885 ¢ 09 ¢ ¢

Particulate matter = Photochemical oxidant
formation formation

Figure 2. Impact assessment using the ReCiPe endpoint method for each bus technology in the
investigated case.

3.1.3. Impact 2002+ Endpoint: Comprehensive Human Health Impacts

The Impact 2002+ Endpoint analysis identifies the health impacts of urban buses,
primarily climate change, respiratory organic, and respiratory inorganic effects, as shown
in Figure 3. The climate change impacts, in terms of kg CO, eqs are scattered across the
four bus technologies. Diesel buses emit the most significant amounts, over 10 million kg
CO; ¢q, since they solely rely on fossil fuels. Though still diesel-powered, hybrid buses
are slightly better with less than 8 million kg CO; ¢q emissions. Electric buses reduce the
emissions to only just over 6 million kg CO; ¢q, depending on Morocco’s energy structure,
i.e., fossil fuel-based inputs. Unlike fuel cell buses, these possess the lowest emissions,
less than 6 million kg CO;¢q, and hence are the most sustainable solution for the case
presented here.

For inorganic respiratory emissions, the most significant contribution comes from
diesel buses with NOx and SOy emissions exceeding 900 and 1000 kg PM 5 ¢q, respectively.
Hybrid buses offer a slight reduction, with NOx emissions of around 800 kg PMy 5 ¢q.
Electric buses reduce NOx and PM emissions but suffer from high SOx emissions of around
1000 kg PM3 5 ¢q due to the generation of electricity requiring fossil fuels. Fuel cell buses
have the lowest effect, with NOy and PM below 200 kg PM; 5 eq and no SOx emissions, and
are the unambiguous winners in terms of air quality.
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Impact 2002+

m CIDI City Buses: Diesel

Grid-Independent Hybrid Electric City
Buses: Diesel

— m Electric City Buses: Electricity, based on
CH, NO CcO energy mix

Climate Change m Fuel-Cell City Buses: Hydrogen gas

| CIDI City Buses: Diesel

H Fuel-Cell City Buses: Hydrogen gas

Grid-Independent Hybrid Electric City
Buses: Diesel
W Electric City Buses: Electricity, based on
I I energy mix
[ |
CO NO.

PM]O PMZ-S SOX

X

Respiratory inaorganic

B CIDI City Buses: Diesel

Grid-Independent Hybrid Electric City
Buses: Diesel
M Electric City Buses: Electricity, based on
energy mix
VOC

B Fuel-Cell City Buses: Hydrogen gas

Respiratory organic

Figure 3. Impact assessment using the IMPACT 2002+ method for each bus technology in the

investigated case.

Regarding respiratory organic emissions, diesel buses are the most significant emitters,
with emissions of VOCs of over 350 kg CoHy eq- Hybrid buses experience a moderate
reduction, but their VOC emissions are over 300 kg CoHy ¢q. Electric buses perform better,
with VOC emissions at about 150 kg CyHyeq, although there are upstream emissions
when electricity is generated. Fuel cell buses are optimal with VOC emissions of less than
200 kg CoHy q and low methane (CHy4) emissions, making them the cleanest option on the
market to reduce respiratory health risks.

3.2. Discussion of the Results

The comparative analysis of Eco-Indicator 99, ReCiPe Endpoint, and Impact 2002+
reveals significant discrepancies in assessing the human health impact of alternative city
buses. Although each method recognizes the benefits of avoiding conventional diesel
buses, they differ in quantifying and describing these benefits, influencing urban transport
planning choices. Eco-Indicator 99, for example, focuses on damage-based indicators like
DALYs to quantify climate change and the health effects of inorganic respiratory emissions.
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According to its findings, diesel buses show the highest adverse health effects, while
hydrogen fuel cell buses, with zero tailpipe emissions, show the lowest health burden
across the board.

On the other hand, the scope of ReCiPe Endpoint is more broad by integrating various
environmental effects, such as climate change, particulate matter formation, and photo-
chemical oxidant formation. This broader scope provides the opportunity to have a better
view of the health-related consequences. While the results from ReCiPe Endpoint agree
with Eco-Indicator 99 that hydrogen buses are the least harmful, they also indicate other
health problems, particularly due to the role of VOCs in photochemical smog formation.

Furthermore, Impact 2002+ also refines the analysis by separating respiratory effects
into inorganic and organic emissions and adding climate change impacts. It also provides
a more explicit assessment of pollutants, further specifying the air quality-related health
impacts. The results confirm the trends from the other methods, emphasizing that fuel cell
buses are most preferable in minimizing GHG emissions and pollutant exposure. However,
Impact 2002+ also stresses that the benefit of electric buses is closely proportional to the
local energy mix, implying that their benefits would be maximized under a transition to
renewable energies. Generally, although all approaches highlight the merits of alternative
city buses, differences in detail and magnitude exist.

Eco-Indicator 99 gives a simplified health damage calculation, ReCiPe Endpoint gives
a more comprehensive environmental damage calculation, and Impact 2002+ gives a more
detailed emissions split. The choice of methodology should therefore be calibrated to urban
transport authorities’ specific interests, finding a balance between simplicity, completeness,
and pollutant-specific information to inform sustainable mobility policies.

3.3. Social Aspects of Sustainable Urban Buses: Policies, Feasibility, and Challenges in the Case
of Oujda

In Oujda, therefore, replacing diesel buses with buses that use alternative fuels needs to
be addressed through an integrative policy intervention that balances regulatory action and
economic incentives. Specific measures involve stricter emission regulations while offering
subsidies to promote the purchase of hybrid, electric, and hydrogen fuel cell buses [19].
Effective policy-making requires collaboration between the local government, transport
agencies, and civic organizations to ensure a balanced transition that is appropriate for
the region’s socio-economic context [21,22]. Therefore, this multi-faceted strategy—from
regulatory harmonization to financing and stakeholder participation—is the solution to
making alternative fuel buses successful and achieving environmental goals in Oujda’s
public transport.

The feasibility of the transition to alternative fuel buses in Oujda City is critical,
requiring significant infrastructure investments such as charging stations for electric buses
and refueling points for hydrogen fuel cell buses. While they cost more to buy up front
than traditional diesel buses, they have a significant long-term economic advantage [19]. In
addition to reducing operating expenses, they also save on public health costs by reducing
harmful emissions, which is a benefit in urban areas. A detailed cost-benefit analysis is
necessary to assess their economic viability, comparing the significant up-front cost with
the ultimate benefits to public transit and society as a whole [23]. By carefully balancing
these considerations, transit authorities and city planners can make wise choices that trade
off near-term costs and long-term payoffs to Oujda’s transportation network and its people.

The transition to cleaner modes of transport is bringing significant challenges, de-
manding careful thought and foresightful action. They include the need for labor and
skills training for retraining technicians, drivers, and maintenance staff in working with
new vehicle technology and potential socioeconomic dislocation in industries dependent
upon diesel technology [24]. Addressing these issues, organizing retraining courses, and
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providing job displacement aid are imperative [24]. In addition, securing community ac-
ceptance and transport equity is critical, particularly among low-income communities that
depend predominantly on public transport [25]. Public campaigns and policies catering
to the needs of vulnerable communities are crucial towards building widespread social
support for this critical transition towards cleaner transport means [25]. By confronting
these challenges ahead of time, cleaner transportation can be made both more sustainable
and equitable, leading to lower emissions and better public health.

4. Conclusions

Alternative urban buses have far-reaching social implications, particularly to human
health, as identified by Eco-indicator 99, ReCiPe Endpoint, and Impact 2002+. These meth-
ods of assessments highlight the importance of a reduction in harmful pollutants such as
PM,; 5, VOCs, and NOx, which are causal factors for respiratory and cardiovascular diseases
that heavily burden poor urban societies. Additionally, green city buses play a key role
in minimizing climate-related health hazards by eliminating emissions that create global
warming and ozone production, both of which exacerbate respiratory diseases. Green city
buses promote city-wide sustainability and social justice by removing air pollution and
minimizing health hazards.

Future research needs to quantify alternative urban buses’ direct and indirect effects
on health in the long run, particularly in reducing hospitalization and healthcare costs for
air pollution-related diseases. The research also needs to address the social consequences
of this transition, including perceptions, behavioral adjustments in transportation, and
fairness of access to clean transport by different demographic groups. Examining the
intersection of mental health and sustainable transport policy, for instance, stress reduction
via improved air quality and reduced noise pollution, can have valuable implications
for general well-being. Finally, inter-disciplinary solutions combining urban planning,
human health, and environmental justice perspectives will ensure that future transportation
policies are socially equitable and efficacious.
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