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Abstract: Due to the increasing number of requests for homecare services, care institutions struggle
to perform in urban traffic, which eventually makes travel times longer and less predictable and,
therefore, leads to a declining service quality. Homecare delivery scheduling and planning tools
must lead to efficient reliable routes that allow the nursing crew to make the least efforts and use
the fewest institutional resources, and that consider urban sustainability goals. For the case study,
a European city was selected with 58,000 people of whom 73 patients received long-term care at
homes provided by 11 homecare nurses. While maximising patient satisfaction, a homecare planning
algorithm considered many means of transport and minimised travel times. The study reduced the
total nurses’ working hours/day by a bus and walking combination, and by comparing if nurses ride
e-bikes, which respectively reduced ~35–44% of the total time that nurses spent travelling. This result
is applicable to an urban environment where the public transport network is sufficient and biking is
allowed on a reasonable number of roads. Better homecare management can support the efficient
use of resources of health care institutions, high-quality home care and aspirations towards livable
communities and sustainable development.

Keywords: home care; sustainable and efficient transport; algorithm in an urban environment;
sustainable communities

1. Introduction

Community care (home care) is rapidly increasing with ageing populations and the elderly’s
wish to receive care at home [1]. Home care (HC) can be manifested in two different, but still very
similar, patient care ways: one is temporary HC after an acute health incident. It results from health
problems from which the patient has a good chance of recovering, but still needs certain forms of care,
but his/her health status does not require further hospitalisation; the other is long-term care (LTC).
Here, care is provided for patients with a chronic, and even irreversible, illness or disability. The main
goal of LTC is to maintain, or even improve, the quality of a patients’ remaining life [2]. Although LTC
is not restricted by age, recipients of long-term HC are mostly elderly people (some 80%), apart from
younger disabled groups [3], who need assistance with activities of daily living (ADL), instrumental
activities of daily living (IADL) and some nursing care [4]. Although health status is improving in
OECD countries, the speed of the ageing process is likely to lead to an increasing demand for LTC
services [3].

To make HC accessible to everyone who needs domestic care services, it has become a
comprehensive intent of many organisations and professionals with different objectives and actions in
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their scopes: improving community care [5], developments in LTC service delivery and promoting
policies to provide HC [6], removing the obstacles of, and facilitate, independent living [4,7–9].
The above improvements can be made through various instruments, such as telecare (telemedicine,
e-health) [10], measuring health (physiological and psychological) and quality of life outcomes of
interventions in healthcare systems [11,12], implementing in-home health aids and coaching [13],
educating and training care personnel [14], and improving routing and scheduling [15–17].

In the last two decades, HC delivery has formed part of the research interest, often formulated
as workforce routing and scheduling problems, and consists in multiple well-known problems in
operations research [16,18]: Travelling Salesman and Vehicle Routing problems to grasp the routing
part, and General Assignment and Knapsack problems to optimally assign care activities to caregivers.
Given the complexity of HC services, it has become a quickly-evolving research area [19,20], and
different approaches to daily and periodic HC scheduling have been frequently published. Cheng and
Rich [21] use time windows to promote patient convenience. Bertels and Fahle [22] combine simulated
annealing and constraint programming to schedule more nurses and jobs. Eveborn et al. [23,24]
propose a decision support system that includes multiple transport modes (car, bicycle and walking),
but not combinations of them. Several researchers apply Branch-and-Price Algorithms [25–27] and
metaheuristics, such as variable neighbourhood searches [28–30]. Urban challenges are increasingly
emphasised in recent studies: Hiermann et al. [31] apply their two-stage approach. It combines
constraint programming with different metaheuristics to solve real-world scenarios of a HC provider
in Vienna, where travel time data are based on estimates from public transport service providers
and Floating Car Data. Fikar and Hirsch [32] present their pooled transport service concept with
designated drivers to convey nurses from one operational area to another without encumbering
nurses with the distress of driving and finding parking spots. Braekers et al. [33] report a trade-off
between the often-contradicting nature of the highest possible patient convenience and optimal routing.
These authors formulate the problem as a Bi-objective Homecare Routing and Scheduling Problem by
defining a set of Pareto optimal solutions, from which decision makers can choose according to their
individual preferences and institutional policies.

The reasoning behind ongoing HC service delivery improvements is that healthcare companies
or institutions need to support last-mile care delivery as either a key driver of the company’s overall
profitability or a means to control costs. Nowadays, all healthcare systems are under enormous
pressure to reduce costs, while they must maintain, or even increase, patient satisfaction at the same
time [17,33]. Systems like HC are money-consuming, sometimes inefficient, or are simply not effective
enough to provide all the required assistance to all patients. The delivered HC service has a direct
impact on both the care chain and patients’ experience: a good care service fulfils a variety of care-chain
objectives, which ranges from low-cost and sustainability to high responsiveness.

As the predominant use of motor vehicles in cities will continue to have a strong environmental
and socio-economic impact [34], increasing pressure on urban realities has led to much more interest
being paid to all sustainability aspects in urban planning, its development, and all types of transport
(goods, services and people). There is presently much concern about developing policies, programmes
and projects that take sustainability into account [35] and refer to the Centre for Sustainable Transport,
which defined the Sustainable Transport System requisites:

• It allows the basic needs of individuals and societies to be met safely and in a manner consistent
with both human and ecosystem health

• It is affordable, operates efficiently and offers a choice of various transportation modes, which
supports a booming economy

• It limits emissions and waste so that plants are able to absorb them. It minimises consumptions of
renewable resources to a sustainable level, reuses and recycles its components, and minimises
noise pollution and land use
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Sustainability is a major issue for our society, and the development of an urban sustainability
concept [36] implies many aspects. HC spells an urgent need to use transport systems that are less
polluting in both noise and emissions terms, which is especially relevant in the urban logistics [37] that
implies urban mobility. Therefore, in order to improve the sustainability of urban HC operations, three
main streams are identified:

• Technology, for care to be delivered to homes. It is limited to the means of transport to be used by
the nurses who provide the service

• Policy, at both the macro-level, where HC guidelines are defined by the authorities, and the health
centre level, by setting a catalogue of feasible assistance and services to be provided in HC

• Logistics, designs that allow nurses to use the most enviro-friendly means of transport by planning
the sequence of their use, reducing inoperative logistic times, etc.

These solution streams should be implemented separately, but not independently because,
according to Taniguchi et al. [38], to achieve sustainable urban means of transport, it is necessary to
use a combination of them. Moreover, the intention is to prioritise HC activity in all urban spaces
inside the city. This compels the study of the spatial characteristics of the different points at which
patients are located.

Sustainability in urban areas is understood in terms of perceiving the community, sensitivity
to housing costs, defence against crime, and even environmental responsibility [39–41]. In 2005,
Southworth [42] stated that a quality pedestrian environment is key to encouraging people to prefer
walking instead of using vehicles. Forms of non-motorised transport are ecological, economic and
reasonably quick for distances shorter than 3.5 km [43]. Urban areas that enable citizens to intrinsically
walk have an economic value that favours economic transactions and social exchanges [44,45].

The idea of this study, presented herein, was to compare different transport facilities in an urban
environment as a crucial entrance of an algorithm for scheduling HC activities by taking patient
satisfaction as the highest priority. To fulfil this goal, the main concern was to propose a method
that establishes links among HC factors in a modular manner so that the results would support
perspicacity in various situations (e.g., decision making or policy development) by city authorities and
HC institutions.

This paper now briefly presents the algorithm to schedule HC delivery, which is based on the
combination of the knapsack problem and the generalised assignment problem (GAP), which provide the
mathematical basis to develop the proposed algorithm. In the Results section, we indicate how it was
applied to the urban area served by the Care Centre for the Elderly (CCE) in the city of Zalaegerszeg
(Hungary) and we provide the results of the efficiency calculations. In the Discussion section, we
explain the experiences acquired from studying sustainable transport by the devised algorithm.

2. Materials and Methods

The literature review on HC routing and scheduling presented in the Introduction shows that the
focus on HC increasingly shifts towards the challenges generated by urban environments (and their
organic evolution), such as traffic congestion, public transport schedules, lack of parking spots, etc.,
but the sustainability aspect is still not included. The following algorithm combines well-established
goals with managerial aspects. The algorithm addresses these goals:

1. Maximising patient satisfaction. Punctual arrival and departure times to minimise patients’
waiting time. Selecting the shortest possible routes so that nurses spend the least time on roads

2. Efficacy in HC services: maximising the number of services provided with the available resources
3. Management efficiency: as a way to control transportation costs and to correctly use available

resources by also considering urban sustainability goals

The city, where the developed approximate algorithm was tested, has already made some steps
towards a sustainable city core by restricting traffic, creating pedestrian-only zones and placing a
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few compressed natural gas (CNG) powered buses (low emission renewable fuel) in operation [46].
HC activities are organised by the CCE, an institution located in the city centre that acts as an umbrella
to operate and coordinate LTC-related facilities and services. Their HC nurse crew’s performance is
strongly affected by changes in traffic, congestion, and whatever happens in the city, as their working
time is partly spent travelling between patients’ homes.

According to the CCE, the diversity of activities required in HC is very high: from administering
medicines (standard time of 10 min), to making meals (standard time of 60 min), and cleaning and
cooking (standard time of 120 min). Moreover, these activities require different skills. The busiest
periods are the first couple of hours in the morning and around noon given the numerous requests
to assist personal hygiene, administer medication and feeding. The algorithm has modelled all this
by defining a time window in which such activities must be done. Other tasks, such as shopping,
cleaning, picking up pharmaceuticals, are not as time-sensitive as the above-mentioned ones, which
means they can be more freely scheduled. Most patients need daily care that lasts 10–120 min, and
only on weekdays when family members are at work and they need to assign care tasks to someone
else. Some patients need HC twice a week, and also with care needs that last 10–120 min. They do
not usually require daily visits, but have certain issues that they cannot solve themselves (e.g., drug
prescription/purchase, shopping, cleaning, etc.). Thus, they need regular help, but not necessarily
on a daily basis. Table 1 summarises the frequency of the HC services to be delivered in the city
under study.

Table 1. HC distribution in the city under study.

Frequency Monday to Friday Monday to Sunday Tuesday to Friday

1 per day 34 7 1
1 per week 4
2 per day 5 3

2 per week 13
3 per day 1

3 per week 5
Total 73

Note: HC: Home care.

HC nurses start their shifts at the CCE, from where they visit a series of patients. Normally,
there are several possible means of transport available to reach the next destination, while transport
systems differ in terms of allowed speed, road requirements, etc. Therefore, travelling times vary
depending on the chosen transit method. Selecting the shortest journey can be quite a complicated
problem when there are many transport types. In this situation, it is convenient to apply an algorithm
that quickly and correctly solves the problem [47–49]. The proposed algorithm works with multiple
distance matrices that refer to the travel times between the addresses to be visited by bus, car, bicycle
and on foot, measured in minutes. Each route has been calculated and referenced with the current
transport system based on the vehicles presently related with the service (cars), which have municipal
parking permits; they are considered the least sustainable and the costliest option because the CCE
does not consider investing in cars that run on alternative energy. The possibility of using public
transport or bicycles, rather than private vehicles, is subject to the following conditions:

• Public transport only uses the fixed routes in the city
• Bicycles are used on cycling lanes, or on roads where it is not forbidden such as pedestrian zones
• Routes, and their itineraries and possible variations, are agreed on jointly with the Head Office of

the CCE
• Routes should be followed by the nurses after choosing the shortest itinerary decided by the CCE.

The algorithm presented herein is based on the technique by Branch and Bound [50,51].
This technique, when applied in conjunction with decision rules to a combined problem of transport,
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capacity and assignment, enables an algorithm to be developed that facilitates the provision of services
to patients according to their requirements in the shortest possible time and at the lowest possible
costs. This is ensured by also implementing the Travelling Salesman Problem solution. The algorithm
provides the goal coordination possibility, such as optimising care resources and reducing transport
costs. In this case it is also important to align the operational objective of the algorithm (to maximise
the efficiency of using different nurses, and patient satisfaction) with the strategic goal of creating a
sustainable enviro-friendly plan for HC delivery.

The algorithm combines different approaches to solve the generalised assignment and the
knapsack problems following Albareda-Sambola, Van Der Vlerk [52], Li and Curry [53], Osorio and
Laguna [54] and Martello and Toth [55], but also implements some findings indicated by Ross and
Soland [56] and Fisher, Jaikumar [57]. In the constant search for optimal solutions to the GAP, the
use of heuristics is most important, as shown in the works by Cattrysse and Van Wassenhove [58],
Cattrysse, Salomon [59], Amini and Racer [60] and Lorena and Narciso [61], where it has accelerated the
search for solutions to the optimisation problem. By developing the HC route assignment algorithm
presented herein, we built on the results of Ribeiro and Pradin [62], who relied on a two-phase
method: firstly, selecting and assigning similar HC assistance tasks (Phase 1); secondly, establishing
a new division and reallocation to minimise possible inefficiency (Phase 2), similarly to the work
presented by Hiermann and Prandtstetter [31]. Here the idea of Osorio and Laguna [54] was also
implemented into the algorithm, with multiple resources or agents’ different levels of efficiency after
considering the assignment. The procedure and solution to assign loads (the HC services offered
by the nurses) and orders to means of transport is discussed below. This assignment is determined
according to the different capacities of the available care time options and patient services to minimise
the division of services and to improve the efficiencies of HC services. The authors formerly presented
the approximate algorithm developed to assign routes to nurses by considering their workloads [63].
Here we summarise the description of the most relevant information by focusing on the sustainable
scheduling aspect.

The algorithm finds a set of m routes so that:

• Each route starts and ends at the CCE
• Each patient is visited by at least one nurse
• The total care demand of the patients assigned to a nurse does not exceed her care capacity
• Routes start and end in a pre-defined time window (to consider the activities that must be done

in specific time windows)
• The sum cost of routes’ is minimised

The algorithm constraints, which ensure the valid and feasible assignment of a caregiver to
transport type and a sequence of HC orders, are related directly to the above-mentioned criteria.

C-1: Limitations of transport type i, understood as, e.g., length of walking or cycling. Max (Ti)

C-2: Number of skilled nurses of type o available. Max (No)

C-3: Maximum care time per nurse o: Capacity (No) = [co]

C-4: Maximum time available per Nurse o: TimeAvailable(No) = [vo]

C-5: Maximum number of combinations of routes that can be followed by each nurse (No):
ComR(No) = [ro]

C-6: Maximum number of patients who can be visited by Nurse o on route k is denoted by wok.
There is the matrix of a maximal number of patients per route: W : [wok] = Matrix[Nurse × routes]

3. Results

Algorithm stage 1 starts with the initial routes devised by the CCE, to which patients are assigned,
as we can see in the example of Route 5 of the real case studied (see Table 2).

Algorithm stage 1. Data were obtained for each arc on each pre-set route, and were then optimised
to find the shortest route. Spatial data were collected, which referred to different means of transport.
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The results can be presented as in Table 3 for the Route 5 example, defined in the selected case study
(the calculation of the “bus ride” time considered the waiting times and the frequency of bus lines,
depending on the time of day).

Table 2. An example route (R5) as defined by the CCE.

Patients’ Address Pj Rk Pjk

Street 1, number 44 P27 5 P275
Street 2, number 20 P28 5 P285
Street 3, number 13 P29 5 P295
Street 1, number 30 P30 5 P305
Street 1, number 28 P31 5 P315
Street 4, number 12 P32 5 P325
Street 5, number 21 P33 5 P335

Notes: CCE: Care Centre for the Elderly; Pj: j-th is the patient (j = 1, 2, . . . , b), who requires home care services
form CCE; Pjk: j-th patient assigned to route k by CCE, where the patients’ assignment to each route is carried
out according to the proximity between patient and route; Pjk: j-th patient assigned to route k by CCE, where the
patients’ assignment to each route is carried out according to the proximity between patient and route.

Table 3. Spatial data that refer to Route 5 of the studied case (R5).

From To
Walking
Distance
(Minutes)

Public Transport
Cycling

(Minutes)
Car

(Minutes)
Distance to

Bus Stop
(Minutes)

Distance from
Bus Stop
(Minutes)

Bus Ride
(Minutes)

Walk +
Bus

(Minutes)

CCE P335 16 2 3 5 10 4 4.5
P335 P315 20 2 5 3 + 4 14 8 5.3
P315 P295 3 - - - 3 1 2.1
P295 P305 2 - - - 2 1 1.8
P305 P275 3 - - - 3 1 2.2
P275 P325 4 - - - 4 2 2.5
P325 P285 5 2 4 2 8 2 2.8
P285 CCE 20 2 1 13 16 8 5.8

Total 73 60 26 27

Algorithm stage 2. The load per route and the load per day were calculated by considering neither
the algorithm constraints nor travel times. In the studied city, 231 h/week were required to provide all
the patients.

The constraints were implemented into Algorithm stage 3, which was where realistic modelling
was done for allocating nurses to HC by setting the maximum number of available nurses, types of
possible means of transport (car, e-bike, public transport, taxi, walking, etc.), the maximum care time
available per potential nurse for assignment (depending on their qualification), and the maximum
time available per nurse and the maximum number of accepted combinations per nurse (number of
routes to be followed and number of patients to visit). According to the algorithm rules, some routes
were divided and some were joined. One example of the results for Thursday are shown in Table 4.

Algorithm stage 4. It creates a routing plan per nurse for the available transport options and the
associated transit times, like the example provided in Table 5.

By this described procedure, we obtained the best-scheduled route per nurse daily for the
constraints and operation principles of the CCE. The observable time differences in the schedules
shown in Table 5 are the results of the individual route planning for passenger vehicles, e-bikes and
public transport, and their attainable speed. Table 6 summarizes the corresponding workload, transit
time and number of nurses by transport means.
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Table 4. An example of the results of all the routes scheduled on Thursday.

Rk Route Time Load (Minutes) N0 Rk’s

R10a 355 (divided) N1 R10a
R1a 325 (divided) N2 R1a
R10b 312 (divided) N3 R10b
R4 300 N4 R4
R7 207 N5 R7 + R1b (combined)
R3 190 N6 R3 + R6 (combined)
R2 187 N7 R2 + R8 (combined)
R5 186 N8 R5 + R9 (combined)
R9 190
R8 177 Total care time 2628 min (~44 h)
R6 165 Travel time
R1b 90 (divided) Bus + walking 739 min (~12 h)

Bikes 309 min (~5 h)
Cars 350 min (~6 h)

Table 5. Example of a nurse’s daily timetable.

Transport by Car
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Patient
Location (Pj)

Arrives at
Patient’s Home Care Time Leaves the

Patient’s Home

CCE 06:58
Patient 1 07:00 1:00 08:00
Patient 2 08:02 0:25 08:27
Patient 3 08:31 0:30 09:01
Patient 4 09:03 0:40 09:43
Patient 5 09:47 1:00 10:47
Patient 6 10:49 1:00 11:49
Patient 7 11:51 0:40 12:31
Patient 8 12:33 1:00 13:33
Patient 9 13:36 0:20 13:56

Patient 10 13:58 1:00 14:58
CCE 15:00

* The points on the map represent patients’ homes (Pj).

E-Bikes Buses + Walking

Patient
Location (Pj)

Arrives at
Patient’s home Care Time Leaves

Patient’s Home
Arrives at

Patient’s Home Care Time Leaves Patient’s
Home

CCE 06:58 06:58
Patient 1 07:00 1:00 08:00 07:00 1:00 08:00
Patient 2 08:02 0:25 08:27 08:02 0:25 08:27
Patient 3 08:35 0:30 09:05 08:33 0:30 09:03
Patient 4 09:07 0:40 09:47 09:08 0:40 09:48
Patient 5 09:51 1:00 10:51 10:05 1:00 11:05
Patient 6 10:53 1:00 11:53 11:10 1:00 12:10
Patient 7 11:54 0:40 12:34 12:12 0:40 12:52
Patient 8 12:36 1:00 13:36 12:56 1:00 13:56
Patient 9 13:40 0:20 14:00 14:10 0:20 14:30
Patient10 14:02 1:00 15:02 14:34 1:00 15:34

CCE 15:03 15:35

To verify if the assignment of transport type to each HC route was acceptable, efficiency was
calculated in Algorithm stage 5. The definition of efficiency depends on the CCE’s requirements;
a threshold of 70% efficiency on the chosen sustainable transport plan (e-bikes, or walking and public
transport) is set in relation to the number of nurses required to provide the care associated with each
route. The results are shown in Table 7.

Table 7 shows that average daily efficiency is 0.76 on weekdays, which is more than that initially
set by the CCE. However, this did not apply to weekends, when routes had to be defined differently
as a further step to improve the algorithm. By using the routes defined for weekdays, but with a
reduced workload, the spatial design of the HC routes became infeasible. The efficiency calculated for
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e-bikes was better on average, and this means of transport also required fewer nurses to visit all the
scheduled patients.

Table 6. Example of assigning patients to nurses with the corresponding workload and transit time.

MONDAY
Car (Minutes) Bikes (Minutes) Bus + Walking (Minutes)

Workload Travel Workload Travel Workload Travel

Nurse 1 382 38 382 22 382 73
Nurse 2 305 35 426 43 305 80
Nurse 3 278 35 300 14 300 44
Nurse 4 421 37 278 32 278 79
Nurse 5 401 63 401 68 236 88
Nurse 6 421 63 426 68 357 90
Nurse 7 397 80 392 77 207 86
Nurse 8 190 69
Nurse 9 350 110

Total 2605 350 2605 324 2605 719

Table 7. Average efficiency of the routes obtained by the algorithm.

Public Transport E-Bikes

Day Number of Nurses
Needed

Average
Efficiency

Number of Nurses
Needed

Average
Efficiency

Monday 9 0.77 7 0.87
Tuesday 9 0.79 7 0.89

Wednesday 8 0.85 7 0.85
Thursday 9 0.78 7 0.87

Friday 9 0.78 7 0.88
Saturday/Sunday 2 0.76 2 0.53

4. Discussion and Conclusions

The results of the algorithm and the case study showed considerable differences in the overall
performance for the different means of transport (Table 7) used to deliver HC services. Although biking
was calculated to be slower than cars or public transport (15 km/h), it still outpaced public transport
on all the routes, and also outpaced cars on a number of occasions. Finding the shortest route between
patients implies creating distance matrices and considering the city’s specific urban characteristics
for each transport mode so that the earliest arrival of nurses depends not only on their average
attainable speed, but also on the routes they are allowed to use. For example, the characteristics and
infrastructure of urban design often force motor vehicles to make detours, while bikers and pedestrians
can quickly and easily cross, for example, a park, a flight of stairs, areas restricted for motor vehicles,
etc. From experience, biking and walking are less affected by urban congestion, while buses and cars
can be delayed during rush hours, and bike lanes and sidewalks are still permeable. From the cost
and environmental sustainability viewpoints, walking would be the commendable mode of transport,
and the algorithm also found a sequence of patient addresses that could be visited on foot only that
did not violate any algorithm constraint. However, the efficiency of that routing plan was worse than
the predefined acceptance limit. Another observation was made while creating and analysing the
routes: the combination of public transport and walking (walking time to reach the closest bus stop,
riding and walking again to reach an address) often took longer, even without waiting for the bus,
than merely walking to the next address altogether.

The applicability of this algorithm to other cities and HC institutions was a key point of its
development. So, it was created in a modular structure, where each constraint can and must be
adjusted to local circumstances. Distance or cost matrices must be developed for each city or urban
area that is to be studied, linked to a HC service. This applicability also has its human side: the
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designed routes and chosen transport modes must be agreed on and accepted by the person in charge
of planning HC activities and the nurses who provide care. The nurses in Zalaegerszeg have used
public transport and walked for years, so switching to bikes implies having to spend less transport
time, which means a great deal in bad weather.

The solution presented herein reinforces sustainable transport system guidelines by consistently
accessing more humanised health and the ecosystem that is more efficiently operative and at a lower
cost. This means less pollution, an aspect whose expansion, and the possibility of applying it to other
sectors, make it relevant, but it lies beyond the scope of the present study.

The work presented herein compared several transport possibilities by developing a method
that established connections with HC elements so that different situations could be considered in the
decision making of the HC institutions included in the case study represented by the CCE.

The study reduced total nurses’ working hours a day by the bus and walking combination, and
by comparing if nurses ride e-bikes, which respectively reduced ~35–44% of the total time that nurses
spent travelling. This result is applicable to an urban environment where the public transport network
is sufficient, and biking is allowed on a reasonable number of roads. Better HC management can
support the efficient use of resources of health care institutions, high-quality HC and aspirations
towards livable communities and sustainable development.

As the algorithm results depend on the traffic conditions and infrastructure of each city, further
analyses are required in this field. Nowadays, there is a general trend to make urban services more
sustainable, especially in denser inner-city areas. This paper provides an algorithm that contributes to
this aim. Further studies can derive generalisable conclusions on the key elements of HC provision in
urban areas, where sustainability aspirations fall in line with improved working conditions for nurses,
and better service experience for patients. As a future approach, incorporating GPS tracking of bikes
will allow researchers to retrieve real-time data (speed control, localisation of HC and each nurse) and
to improve the algorithm and, eventually, the HC service.
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