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Abstract: Bike-Sharing System (BSS) is an advantageous type of bike-sharing which allows 
both the operators and the commuters to achieve the best of both station-based and free-floating 
systems while keeping the defects of both BSSs at a minimum. This study assessed the 
practicality and viability of an operation of a hybrid BSS in the setting of the University of the 
Philippines Los Baños (UPLB) and presented a suitable initial design for the system. The 
findings of the study showed that the upper campus and the animal science in UPLB should be 
designated with a station-based system while the middle campus should be offered with a free-
floating system. It was also found out the 301 free-floating bikes and 35 station-based bikes are 
the required number to meet the identified demand. Lastly, the approximated total costs for the 
first year of the operation of the proposed BSS was Php108,044,000. 

Keywords: Bike-Sharing System, Station-based system, Free-floating system, technical 
feasibility 

1. INTRODUCTION

Bicycling is an efficient, sustainable, and beneficial mode of transportation. Recently, many 
workers have resorted to cycling to get to their respective workplaces because of the suspension 
on public transportation due to the current global pandemic. This does not only show the 
importance of cycling but also the incorporation of bike way routes in urban planning, 
especially in busy cities like Metro Manila. Bike-sharing is a strategic alternative mode of 
transportation that promotes a healthy lifestyle and safer environment and helps in mitigating 
traffic congestion. 

A BSS is a scheme in which rental bicycles are made available to the public for short trips 
as an alternative to motorized transportation. BSS may be classified into three, namely: station-
based, dock less, or hybrid. The station-based is the traditional operation and thus most adopted 
among many countries. In a station-based BSS, a bike may be rented by depositing coins or 
registering with a credit card or mobile phone (Laa and Emberger, 2019). After the trip, the bike 
must be returned to the nearest station to the destination of the customer so that others would 
be able to use the bicycle and so on. However, in dockless, or free-floating BSS, customers may 
use their mobile phones to locate the nearest available bike, which can be unlocked through QR 
code scan or Bluetooth connection, and then park the bike in any legal parking space (Chevalier, 
et al., 2019). Lastly, a hybrid BSS is the combination of both systems in one operation. 
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Hybridization of station-based and free-floating BSS may be in form of an entirely new system 
but with the incorporation of already established schemes (Bielinski and Wazna, 2018). In 
addition, a hybrid system enables the operators to maximize the serviceability of the BSS and 
minimize the associated costs of operation at the same time. 

The U.S, Canada, Australia, and various European countries have adopted bike-sharing 
as a part of regular mode of transportation (Laa and Emberger, 2019). Countless research studies 
have also been published related to the operation of different bike-sharing systems across the 
globe. In the Philippines, a private organization called Asian Development Bank launched 

Tutubi was the first station-based bike sharing system in the country that 
initially operated in Davao City (Inquirer.net, 2012). Bike-sharing has also found its way into 
university campuses. UP Bike Share implemented a station-based bike-sharing system in UP 
Diliman in 2016. The main objective of the project is to provide an accessible transportation 
mode to UP constituents for travelling around the campus. On the other hand, in UPLB, bike-
sharing is yet to be introduced as an alternative mobility in the university. In 2017, Gumaru, a 
student of the Department of Civil Engineering, studied the acceptability of bike-sharing among 
UPLB students. However, he only provided an initial design for a station-based BSS in the 
lower campus.  

This study primarily intends to assess the practicality and viability of implementing a 
hybrid BSS in the campus of UPLB. The findings of this study may serve as a framework for 
possible large-scale projects related to bike-sharing within the university. The study specifically 
aims to determine the subarea for free-floating system and subarea for the station-based system,   
the initial size of the BSS. The study also proposes optimal station locations for station-based 
bikes, assessed permitted parking locations for free-floating bikes, and provide financial 
projections for the proposed system.   

 
 

2. LITERATURE REVIEW 
 
Various studies related to bicycle sharing have been explored globally for the past decade. 
Existing literature on bike sharing includes design and planning, model optimization, evaluation 
of operational problems, etc. Many researchers have acknowledged the emerging market of 
bicycle sharing as a tool for a sustainable and flexible public transportation system. 
  
2.1 Market of Bike Sharing 
 
Bicycle or bike sharing has recently surged in popularity among many countries. DeMaio et al. 
(2020) curated the Bike Sharing World Map which presents the currently available bike-sharing 
services all over the world. Shui and Szeto (2020) cited that the Bike Sharing World Map 
consisted of 2,110 bicycle-sharing programs and 17,792,000 operational bicycles. According to 
Fishman (2016), people are more likely to opt for public bike sharing because of its convenience. 
He also reported that the extreme growth in the market of bike sharing is due to the recognition 
of the downsides of motorized transportation such as traffic congestion, climate change, air and 
noise pollution, etc. 

Station-Based BSS. The first station-based BSS was introduced in Amsterdam in 1965 
and was eventually exported to 69 cities worldwide (Laa and Emberger, 2019). Shu et al. (2010) 
reported that in planning a station-based BSS, the design of the location and capacity of bike 
stations dictates the success of the bike-sharing service. They also stated that the distance 
between stations and the trip origin and destination highly affect the acceptability of bike 
sharing among users. In 2019, Laa and Embeger reported that the station-based BSS is the least 

2



 

 

problematic type of BSS in the City of Vienna because the system has been modified to fit the 
needs of the users after decades of being in operation. However, the main conundrum associated 
with station-based BSS is the limitation of docks in stations which results in limited serviceable 
bicycles.  

Free-Floating BSS. A Beijing-based company named Ofo introduced the first modern 
free-floating BSS in China in 2014. It began exporting its services in 2017 to various countries 
such as Singapore, Hong Kong and Austria. In free floating BSS, operators can avoid the 
expensive start-up cost because docking stations are not necessary. The number of operational 
bicycles is also not constrained by the bicycle docks. The cost per ride on a free-floating bike 
is cheaper than station-based bikes (Mooney et al., 2019). However, it has been reported in 
various research that vandalism and illegal parking are the main problems faced by free floating 
BSS operators (Laa and Embeger, 2019; Kellstedt et al., 2019; Moro et al., 2018) which result 
in higher bike search and redistribution costs (Shui and Szeto, 2020). 

Hybrid BSS. In Cracow City in Poland, a hybrid bike-sharing system called Wavelo was 
implemented in 2017. Location of the nearest bicycles, which may be from docking stations or 
the street, can be viewed using a mobile application. Bicycles can be locked and unlocked via 
Bluetooth connection. After the trip, users may choose to leave the bicycle in the nearest 
docking station or in any legal parking space for an additional fee (Bielinski and Wazna, 2018). 
Wavelo designated a management team that would redistribute bicycles to docking stations and 
parking spaces with more capacity to cater for the parking demand (Bielinski and Wazna, 2018). 
Just Eat Cycles is also a hybrid BSS that has the same procedures for renting and returning 
bicycles with Wavelo. However, Just Eat Cycles uses smart hybrid locks which allow the users 
to leave the bike in public parking spaces without bike racks.  

Albinski et.al (2019) evaluated the performance level of a hybrid bike-sharing service 
under censored demand observation. They concluded that to simultaneously increase bike usage 
and decrease search and rebalancing cost, a station-based BSS should be offered in areas with 
low demand and consequently, a free-floating BSS should be offered in areas with high demand. 
Published literature related to hybrid bike-sharing systems is very limited up to this date. 
 
2.2 Overview of Bicycle Sharing Programs 
             

From the first-generation bicycles that were deemed unsuccessful due to the rampant vandalism 
and theft, to the fourth-generation bicycles that are considered more flexible and accessible to 
the public. Bike sharing programs had spread across the west until it reached the Asian market 
in the early 2000s. Implementation of public bike sharing in many Asian countries was mostly 
motivated by the state of traffic congestion in densely populated cities and the desire to promote 
a safer and a more proactive mode of transportation that leans on sustainability. 

 
2.2.1 Bike Sharing in Wider Context 
 
Bike-sharing Scene in Asia. Bike sharing originated in Europe but many Asian countries have 
well adopted this scheme. China remains to be the leading country with the greatest number of 
operational BSS.  Bielinski and Wazna (2018) cited that in the year of 2017, there were already 
77 BSS-operating companies, which consisted of roughly 23 million bicycles, all over the 
country of China. The city of Hangzhou currently has the densest bike-sharing programs 
(Mateo-Babiano, 2015) with over a total of five hundred thousand operational bicycles (De 
Maio et al., 2020). In Thailand, a station-based public BSS was introduced as a response to the 

-Babiano, 2015). Meanwhile, in 2012, a group of 
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local citizens in Indonesia initiated the launch of a public BSS which aimed to encourage young 
people to increase cycling share by social media platforms (Mateo-Babiano, 2015). Various 
initiatives have also been done in the Philippines to promote cycling as a non-motorized 
transportation. 

 Bike-sharing Initiatives in the Philippines.  In 2013, the Asian Development Bank 
partnered with Pasig City in launching the first bike sharing program in Metro Manila (Clean 
Air Asia, 2013). The Tutubi project, which was funded by the Japanese government and 
managed by Clean Air Asia, initially operated in Davao City (Inquirer.net, 2012). The BSS is 
still operational until today and only recently the government of Pasig City announced that the 
bicycles will be used for the assistance of health workers while the public transportation is 
suspended (GMA news, 2020).  It should be noted that the success of the Tutubi project in Pasig 

-motorized transportation. 
Pasig implements a Bike Ordinance Advocacy that is dedicated to improving the cycling 
regulations and infrastructures in the city. Meanwhile, Marikina is commonly referred to as the 

-kilometer bicycle network whose 
intended purpose is to provide safer and well-structured lanes for the promotion of non-
motorized transportation in the city (Marikina City, 2012). Moreover, UP Diliman has its own 
Diliman bikeways, which is a 2.3 km network (Reynoso, 2013), that enabled the operation of a 
BSS within the campus. 

 Bike Sharing on Campus. An organization called UP Bike Share launched a station-
based BSS inside UP Diliman. According to the developers, the main objective of the project 
is to provide an alternative mode of transportation within the campus. In 2016, UP Bike Share 
received a 15-Million grant from DOST for the further expansion of the bike-sharing scheme 
(Brizuela, 2016). UP Bike Share remains dedicated to providing public services until the present 
time especially to health workers who are affected by the suspension of public transportation 
due to the imposed community quarantine. 

 
2.2.2 Biking in UPLB 
 
Demand for Bike Sharing. Gumaru (2017) conducted a demand analysis among university 
constituents for BSS inside the lower campus and presented an initial design for a station-based 
BSS based on observational demand. He concluded that the BSS should consist of 27 stations, 
469 bicycles, and 1056 docks. However, he did not consider traffic restrictions inside the 
campus in allotting bicycle stations. His study also did not explore financial projection and 
possible risks and barriers of the proposed BSS. 

Bikeway Routes. In 2013, Reynoso proposed a bikeway route and conducted a traffic 
impact assessment of the necessary traffic rerouting. He reported that bikeway infrastructures 
inside the middle part of the campus require developments. He also mentioned that there is a 
need for a bikeway route that will connect various parts of the university e.g middle campus to 
Animal Science. His study showed that out of the 4075 meters of roads, only 18.5% (870 
meters) can accommodate bike lanes. This emphasizes the need for massive infrastructure 
rehabilitation to encourage more people to increase their cycling habits. 

Negrite (2015) focused on the viability of non-motorized transportation in the upper 
campus of UPLB. He assessed the roadway facilities in the upper campus and determined if the 
current condition can sustain cycling and walking as a form of mobility for short-duration trips. 
His findings revealed that the facilities are inadequate to accommodate non-motorized 
transportation. He concluded that the width and grade of the current vehicular roads failed to 
meet the standards provided by AASHTO (1999) for accommodation of bicycle travels. 
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2.3 Bike Share Planning 
             
Since the boom in the market of bike sharing, various organizations have published several 
planning guides which have been made available on the internet. The Institute for 
Transportation and Development Policy (ITDP) released their most recent edition of the Bike 
Sharing Planning Guide in 2018 which provides a comprehensive approach to planning and 
implementation of a BSS. Furthermore, NACTO published the Bike-Share Station Siting Guide 
in 2016 and the Guidelines for Regulating Shared Mobility in 2019.  

 
2.3.1 Technical Feasibility Study 
 
Success of a BSS primarily depends on the design of the program. Duorado (2018) cited that 
factors that heavily affect the acceptability of a BSS among target customers can be categorized 
into two: Exogenous, which refers to the characteristics that the operators cannot control (e.g 
climate, topography, and ridership), and endogenous, which is basically the technology and 
service design that aim to meet the needs brought about by the exogenous factors. 

Demand Analysis.  Demand is the key aspect that must be taken into consideration when 
planning a BSS. Dourado (2018) mentioned that demand may be influenced by physical and 
behavioral factors such as transport infrastructure and mobility patterns, respectively. The 
capacity of an area to generate a high number of trips depends on the exogenous characteristics 
that define the service area such as topography, roadway facilities, population density etc. 

Coverage area. The typical service area for a hybrid system is the jurisdictional 
boundaries of the city where it operates. ITDP (2018) reported that even though the service area 
should generally be grounded in areas with high trip-generation capacity, it should also be 
inclusive of less-dense areas which lack accessibility to motorized transportation. 

Bikeway Infrastructure. Built environment has an observable impact on the general 
acceptance of cycling among the public. Chevalier et al. (2019) stated that bicycle networks 
should be designed with high connectivity to avoid unnecessary stops for direction searches 
that contribute to travel delay. Safety should also be the priority of the designer with regards to 
bikeway infrastructures. 

System Size Parameters. ITDP (2018) provided the parameters that need to be considered 
during the initial design process of a BSS. The required number of bicycles to meet the average 
demand for cycling within a service area is set as 10-30 bicycles per 1000 residents. Meanwhile, 
10-16 stations per square kilometer are needed for a more reliable cycling network. ITDP (2018) 
also stated that there should be a station per 300 meters of the area. To accommodate the 
bicycles within the system, a standard ratio of 2-2.5 docks-per-bike is used especially in most 
small to medium BSS. 

Smart Bikes. A hybrid BSS typically uses lock-to bicycles which have built in cable locks 
that enable the users to lock the bikes in any public bicycle racks (ITDP, 2018). Some of the 
highlights of the smart bike are integrated locking mechanism, internal data storage, GPS, and 
fork adaptor for docking (Nextbike, 2016). This fourth-generation bicycle is the result of long, 
continuous modifications of structural elements of the bicycle that aim to meet the changing 
needs of the riders. 

Allowable Parking. A hybrid BSS gives customers the freedom to choose where they want 
to end their trips. Considering this, planning of permitted parking spaces for dockless bicycles 
in a hybrid system within the service area is necessary to prevent cluttering of bicycles. 

 
 
 

5



 

 

2.3.2 Financial Projection 
 
Financial planning assessment is the last crucial step in the initial design process of a BSS. 
Financial analysis should consider the costs and revenues. Drafting of a financial model during 
the stage of initial planning will allow the operators to predict the financial sustainability of the 
project (ITDP, 2018). Cities of Wilmington (2016) and Baton Rouge (2016) have published 
feasibility studies of BSS which included financial projections. 

System Cost. The total system cost for a bike sharing consists of the capital, start-up and 
operating cost (ITP, 2018). 

System Revenue. The total system revenue may come from different sources such as user 
fees, sponsorships, advertisements, etc. (ITDP, 2018). User fees are what the commuters pay 
for to access the BSS. User fees consist of membership fees and usage fees. For the membership 
fee, the commuters may choose the duration of subscription which can be long-term or short-
term. According to ITDP (2018), short-term subscriptions generate the most revenues because 
they cost higher than long-term subscriptions. On the other hand, the usage fees refer to the 
actual payment for using the bicycles. User fees usually depend on the time duration in which 
the bikes were in used (ITDP, 2018). 

 
2.4 Bike Share Implementation 
             
Bike sharing 
largest bike sharing schemes such as Mobike and Ofo of China are privately owned whereas 
Pasigreen Bike share program is government owned. Nonetheless, success of the 
implementation of a BSS heavily relies on the effectiveness of the enforcement of policies and 
regulations. Bikeeasy (2012) recommended the establishment of a Bike Share Implementation 
Taskforce which would oversee the overall execution of the implementation plan. In addition, 
this taskforce should consist of members coming from different groups of stakeholders 
(Bikeeasy, 2012). Safety and security should also be prioritized by the operators which can be 
possible by taking extra but necessary steps. Safety can be ensured if the operators enforce 
helmet policies while bicycle theft can be prevented if the built-in locking system is improved 
(Bikeeasy, 2012). 

 
2.5 Bike-Related Studies in UPLB 

 
In Assessment of Parking Adequacy of the University of the Philippines Los Baños Lower 
Campus, Roullo (2013) studied the adequacy of the parking spaces in the lower campus of 
UPLB. His study determined the peak hour arrival and departure rates of vehicles and quantified 
the peak hour parking demand in the entire lower campus. The findings of his study showed 
that although there are adequate parking spaces for cars, there was a lack of berths for 
motorcycles and not enough infrastructures for the handicapped.  

Moreover, in Parking Statistics of UPLB Lower Campus and Willingness of UPLB 
Constituents to a Paid Parking Proposal, Mendoza (2017) characterized the parking behavior 
of UPLB constituents and examined their response to the possibility of introducing parking 
charges in the campus. Mendoza also analyzed the potential impact of parking charges to the 
parking behavior of the UPLB constituents. His key findings revealed that Admin and CDC-
UHO parking areas were already over-capacitated contrary to the previous findings of Roullo 
(2013). He also reported that the majority of the survey respondents disagreed with the proposal 
for paid parking scheme. 

Exploration of BSS-related studies is still very lacking in the case of the Philippines. More 
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particularly, in UPLB, only Gumaru (2017) has conducted a study that focused on the potential 
demand for a station-based BSS in the university. Further, study is necessary to determine the 
feasibility of a hybrid BSS in UPLB which would allow prospective operators to ascertain the 
success of the implementation in the university. 

 
3. METHODOLOGY 
 
The study focused on the technical and financial feasibility of the proposed hybrid bike-sharing 
system. To achieve the overall objective of the study, a series of steps was performed. These 
include the conduct of the data collection, technical design, and financial analysis. These are 
discussed in detail below. Assumptions on the technical design and financial analysis are also 
mentioned. 

                                                                 
3.1 Preliminary Data Gathering 
 
Different theses by previous students of the Department of Civil Engineering in UPLB as well 
as various cycling-related journal articles were obtained from the university library through 
emails. The gathered research studies were analyzed to come up with a research problem. In 
addition, communication with the Office of University Registrar was done to obtain information 
about the student population in UPLB necessary for the study.  
 
3.2 Technical Design 
 
3.2.1 Demand Characterization 
 
The demand profile created by Gumaru (2017) was the primary basis of the demand analysis in 
this study.  

Sample Size. Gumaru (2017) used non-probability sampling in obtaining the sample size 
of the survey participants from the entire population of UPLB.  The computed number of 
appropriate survey participants from a total population of university constituents of 13871, as 
provided by the OUR and OVCA, was set to be 350. 

Survey Participants.  study are 
demonstrated in Figures 1a and b. 
 

 
 
 

Figure 1. a) Classification of participants; b) Distribution per college/office 
        Source: Gumaru, 2017 
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The key findings of Gumaru (2017) revealed that 74.33% of the 364 total participants 
considered supporting a BSS within the campus. Since the results of his study showed favorable 
attitude of university constituents toward bike sharing as an alternative mobility within the 
campus, this supports the premise of the study that there is sufficient demand for an operation 
of a BSS in the university.  
 
3.2.2 System Design based on the Determined Demand 
 
In a hybrid BSS, both station-based and free-floating BSSs are offered in the service area. The 
fraction of service area that has low capacity for trip generation was designated with a station-
based and consequently, the area with high trip-generation capacity was offered with a free-
floating BSS.  

Station-Based. For an area with station-based, optimal station location, number of stations, 
and number of bicycles were determined. 

Free-floating. For the free-floating area, number of bicycles and permitted parking spaces 
were determined and designed, respectively. 

Calculation of initial system size. The number of initial required bicycles was computed 
using the following equation: 
 

                           (1) 

where: 
 n is the number of required bicycles 
 N is the total population of students in UPLB 
 

The number of initial required stations was set to 13 stations per square kilometer while 
the number of docks per station was obtained by multiplying 2.0 to the required number of 
bicycles. Note that the average parameters were used for most calculations to avoid 
underestimation as well as overestimation of system size as recommended by ITDP (2018).   

 
3.2.3 Station Location 
 
The station locations were designed with the consideration for the suggested parameter of 1 
station per 300 meters. Accessibility, safety, and feasibility for mechanical operation were also 
prioritized as recommended by NACTO (2016). Google Earth Pro was used in analyzing 
roadway characteristics in UPLB. As previously mentioned, stations were only placed in areas 
designated with a station-based system. Figure 4 shows the design for a 15-dock standard 
station. 

 
Figure 2. Typical design for a standard 15-dock station 

                Source: NACTO, 2016 
 

Design of bikeway facilities was determined with the use of the findings of related studies 
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and suggestions from different guidelines. The study adopted the proposed bikeway route by 
Reynoso (2013) for the lower campus while the proposed route for the upper campus was based 
on the recommendations provided by Negrite (2015). Google Earth pro was also used in 
assessing roadway facilities. 

 Parking spaces for dockless bicycles were examined using the findings from studies 
conducted by Roullo (2013) and Mendoza (2017). The design for public bike racks was adopted 
from the guidelines provided by AASHTO (2012). Recommendations made by NACTO (2020) 
were also considered in the proposal of parking infrastructure for dockless bicycles. 
 
3.3 Financial Model 
 
Projection of capital, start-up, and operating costs was based on the cost estimation provided 
by different bike-sharing guides (ITDP, 2018; City of Baton Rouge, 2016; Wilmington, 2016). 
Capital and operating costs were only based on the business plan provided by the mentioned 
municipalities. The approximated capital cost for a station consisting of 10 station-based bikes 
is $55,000(Php 2,666,400) and $40,000(Php 1,939,200) for a set of 10 dockless bikes. 
Additionally, an installation cost of $3,500(Php 169,680) per 10 bicycles is to be included in 
the total capital cost. The calculation for the capital costs then becomes: 
 

For Station-Based Bikes: 

             (2) 

 
For Free-Floating Bikes: 

             (3) 

 
Meanwhile, the start-up cost, which includes the agency administrative costs and system 

start-up costs, is estimated to be around $300,000(Php 14,544,000). Lastly, the operating cost 
is calculated by using the average cost of $105-per-dock-per-month for the 1st year with a 3% 
increase for the succeeding years (Wilmington, 2016). 

The system revenues were projected based on different membership and usage fees. The 
usage fees were calculated using the equation: 

 

                       (4) 

 
Note that the 5696 trips per day was obtained by getting the sum of 1,174 bicycle 

commute trips per day and 3522 bicycle recreational/errand trips per day. Meanwhile, the 
membership fees were obtained by: 
 

   (5) 

       (6) 
 
4. RESULTS AND DISCUSSIONS 
 
The findings are presented and elaborated in this chapter with regards to the objectives of the 
study. The results are demonstrated based on the primary area of concerns namely the system 
designation, demand estimation, determination of system size, identification of station locations, 
and the financial projections. 
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4.1 Technical Feasibility 
 
The campus of UPLB covers a land area of approximately 14,000 acres. The university 
comprised of nine colleges in addition to the Graduate School. Majority of these colleges are 
located at the center of the campus as shown in Figure 5. 
 

       
                   a                                             b 

 
Figure 3.a) Colleges in UPLB; b) Proposed service area within UPLB 

 
4.1.1 Service Area for the Hybrid BSS 
 
The proposed service area for the hybrid BSS comprised both the upper and lower campuses of 
UPLB. Figure 6 shows the map of the coverage area. The upper campus was included in the 
service area as per the suggestion of ITDP (2018) that the BSS should also be extended to places 
where transportation is lacking. Based on observation, the number of public jeepneys that reach 
forestry is significantly fewer than jeepneys that only travel around the lower campus. This 
results in evident difficulty in travelling to Forestry. Thus, this study will include the upper 
campus in the intention that the students residing in Forestry dormitories, as well as Forestry 
students who live outside the upper campus, will also be accommodated by the proposed BSS.  

 Since a hybrid system will also utilize dockless bicycles, the service area was set to be 
the jurisdictional boundaries of UPLB. However, the service area was only limited to places 
commonly reached by students such as dormitories, college and office buildings, and other 
essential destination spots. The total coverage area was determined to be 2.41 square kilometers 
using Google Earth pro. 

 
4.1.2 Designation of the Type of System within the Service Area  
 
The trip-generating capacity of the different areas was the basis for the designation of the system. 
As mentioned previously, the trip-generating capacity of an area is defined by its exogenous 
characteristics. The exogenous characteristics that were considered in this study are population 
density and roadway characteristics. 

Subareas. The service area was divided into three sections. The upper campus, was set as 
a separate subarea because of its topographical characteristics. Meanwhile, the lower campus 
was divided into two namely the lower campus and the Animal Science. This was done to take 
consideration of the differences in the accessibility of both areas. 
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Population Density. The data on the demographics of UPLB students for second semester 
2019-2020 were obtained from the Office of the University Registrar. A total of 11,377 students 
were officially enrolled during this semester. The distribution of students per college can be 
seen in Figure 4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Figure 4. Student distribution for 2nd semester 2019-2020. 
                 Source: OUR, 2020 
 

 It was observed in Figure 3 that the College of Arts and Sciences (CAS) (21.58%), 
College of Engineering and Agro-Industrial Technology (CEAT) (17.20%) and Graduate 
School (GS) (23.71%) have the highest population of students. It can be inferred that most of 
the students belong to colleges that are in the middle campus. From this, it can be concluded 
that the middle campus has the highest population density and thus have the highest trip-
generation capacity in terms of population. On the other hand, the upper campus and the animal 
science have significantly less population compared to the middle campus; thus it can be stated 
that both fractions of the service area have lower trip-generating capacity. 

 
Table 1. Bikeway travel accommodation in the middle campus. 

Road Name Can Accommodate 
Biking? 

Road Name Can 
Accommodate 

Biking? 
Jose M. Capinpin YES Jose B. Juliano NO 
Andres P. Aglibut Ave. YES Gen. Romeo S. Espino YES 
Harold Cuzner Ave. YES Manuel L. Roxas YES 
Pedro R. Sandoval YES Pili Drive YES 
Vicente M. Dawis NO Victoria M. Ela YES 
Mariano M. Mandonedo YES Jose R. Velasco Ave. NO 

Source: Reynoso, 2013 
 

Roadway Characteristics. In their separate studies, Reynoso (2013) and Negrite (2015) 
reported that continuous bikeway facilities are not possible based on the current condition of 
the roadway infrastructures inside the campus. The results of their road network inventory for 
the lower and upper campuses are summarized in Tables 1 and 2, respectively. The road network 

11



 

 

inventory for the Animal Science was done through Google earth pro and the values are shown 
in Table 3. In addition, the proposed bikeway designations that can be accommodated by the 
current roadway infrastructures, as well as the already existing bikeways, are shown in Figure 
5. 

It can be observed in Table 1 that most roadway facilities in the lower campus can 
accommodate bikeway travel. On the contrary, very few road segments in the upper campus 
and Animal Science can accommodate bikeway travel. In forestry, only Martin Reyes and some 
sections of Makiling road can support cycling while in Animal Science, only Archibald Ward 
and Sam Durnham streets can accommodate cycling. 
 

Table 2. Bikeway travel accommodation in the upper campus 
Road Name Can Accommodate 

Biking? 
Road Name Can 

Accommodate 
Biking? 

Domingo Lantican NO Felix O. Chinte NO 
Martin Reyes YES Juan V. Pancho NO 
Makiling Variable   

Source: Negrite, 2015         
 

Table 3. Bikeway travel accommodation in Animal Science. 
Road Name Can Accommodate Biking? 

Valentino Arganosa NO 
Archibald Ward YES 
Getulio Viado NO 
Joseph Madamba NO 
Sam Durnham YES 

 

 
 

Figure 5. Proposed bikeway designation that satisfies the AASHTO guideline. 
           Source: Reynoso (2013) and Negrite (2015) 
 

In conclusion, based on the population density and roadway facilities, the middle campus 
has the highest trip-generation capacity while the animal science and the upper campus have 
low trip-generation capacity. Considering this, a free-floating system is proposed for the middle 
campus while a station-based system is proposed for both the upper campus and the Animal 
Science. 
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4.1.3 Demand Estimation 
 
In determining the estimated demand, the number of daily trips for weekdays (3.821 trips per 
day), as well as the appropriate uptake rates (2.7% for commuters and 8.1% for 
recreational/errand) were adopted from the studies of Cleofas (2016) and Gumaru (2017), 
respectively. A total of 43,472 weekday trips through any mode were calculated by multiplying 
the total population of students by 3.821 trips per day. Accordingly, an estimated 1,174 bicycle 
commute trips per day and 3522 bicycle recreational/errand trips per day were computed by 
multiplying the uptake rates from the total number of weekday trips. 
 
4.1.4 Determination of System Size 
 
The required number of bicycles was obtained by multiplying the total population of students, 
11377, to the standard average bike-to-population ratio of 20 per 1000 residents. The required 
number of docks was then computed by multiplying the identified number of bicycles to the 
bike-to-dock ratio of 2.0. Moreover, the proposed number of stations for areas with a station-
based system was calculated by multiplying the identified areas for the upper campus (.36 ) 
and the Animal Science (.16 ) by 13 stations per square kilometer.  

Dividing the estimated bicycle trips per day to the number of required bicycles yielded 
5.1 daily uses of bicycles for commuters and 15.3 daily uses for recreational/errand riders. 
Comparing this to the target daily use of 4-8 by ITDP (2018), it can be observed that the 
estimated daily uses for recreational/errand trips exceed the provided range. Considering this, 
the number of bicycles was adjusted to meet the estimated demand by dividing 3522 trips by 4-
8 daily uses of bicycles. The corresponding quotients of 440.25-880.5 numbers of bicycles were 
then divided by the student population per 1000 residents. The resulting required number of 
bicycles per 1000 residents was found to be 39-78. The bike-to-population ratio was set to be 
30 for a more conservative design, as well as to follow the recommendations set by ITDP (2018). 
The number of bicycles may be adjusted eventually based on the performance of the system. 

Moreover, since both studies of Cleofas (2016) and Gumaru (2017) only focused on the 
lower campus, the adjustment was only applied to the lower campus. This is also to avoid 
overestimation of demand for the upper campus which may lead to low performance. All values 
are summarized in Table 4. 

 
Table 4. System size of the hybrid BSS 

  
  

 Student 
Population 

 Number of 
Bicycles 

  

Adjusted 
Number of 
Bicycles 

 Number 
of docks 

 Number of 
Stations 

 Middle 
Campus 

 10,017  201 301  N/A  N/A 

 Animal 
Science 

652  14 20  40  2 

 Upper 
Campus 

708 15 15 30 5 

 
4.1.5 Identification of Station Locations 
 
According to Banerjee et al. (2020), bike stations should be located within the vicinity of a 
commuter's trip destination and origin. To ensure the most optimal design for station location, 
Point of Interests in the campus were considered.  
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Upper Campus. The five stations for the upper campus were placed near the major POIs. 
They were also distanced from one another to make sure that it follows the 300 meter-radius 
rule. Clearance specifications, as well as the station dimension, recommended by NACTO 
(2016) were followed in designing the stations.  

The first station was in the parking lot of Asian Center for Biodiversity. This location was 
chosen because it is perceived as the entrance and exit of forestry. Students coming from the 
lower campus through Nihon Koen may opt to bike in the upper campus. Consequently, students 
leaving the forestry through bike share may leave the bikes at this station. As observed in the 
figure, the distance of the station from the roadway is 3 feet which is based on the guidelines 
set by NACTO (2016). The station is 20 feet in length and 7 feet in width which are enough to 
accommodate the proposed number of bicycles per station. The front of the station faces the 
curve with a 6 feet clearance to allow ease in accessing the bicycles. 

The second identified location was outside the FPRDI which was considered as the closest 
POI to the first station. The front of the station faces the curve with a designed clearance of 8 
feet to avoid possible accidents while taking out the bicycles. Moreover, the proposed third 
station was located outside the College of Forestry. This was because majority of forestry 
students stay in this area thus demand may be concentrated at this location. The front of the 
station faces the trees with a clearance of 3 feet also to allow ease in taking out the bicycles. 

The next proposed station was located outside the Makiling Residence Hall. The proposed 
location is a parking lot for dormers hence it is suitable for a bicycle station. While the last 
station for the upper campus was located at the parking lot of the New Dormitory in forestry. 
The front of the station also faces the curb with a clearance of two feet. Since this is the farthest 
location of students in forestry, they are often met with difficulties when it comes to 
transportation. Therefore, there is a need for immediate access to transportation. It should be 
noted that some of the proposed station locations do not have concrete surfaces and thus need 
further development. 

Animal Science. The identified number of stations for the Animal Science was two. The 
proposed location of the first station is near the arch of Animal Science where students enter 
while the second station is outside the Copeland gym, which is the main POI within the area. 
  
4.1.6 Parking for Dockless Bicycles 
 
Even though riders are afforded the freedom to leave their bicycles anywhere within the service 
area, it is still necessary to provide cycling infrastructure such as public bike racks to avoid 
cluttering of dockless bicycles. This will allow the operators to be more in control of the end 
locations of the bicycles which will result in ease of tracing the free-standing bicycles.  

According to Roullo (2013), in 2013, there were adequate parking spaces to accommodate 
the parking demand of UPLB constituents inside the campus. However, he concluded that over 
time, if the administration does not develop the current parking lots, the supply will eventually 
fail to meet the parking demand. Later, Mendoza (2017) affirmed this by stipulating that most 
of the major parking areas, such as the Administration and CDC-UHO parking, are already 
over-capacitated. This implies that there is a necessity for the development of the parking spaces 
within the campus to accommodate both vehicles and bicycles. 

The University should provide dedicated parking structures for bicycles to successfully 
encourage students to increase their cycling share within the campus. Roullo (2013) reported 
that the average dimensions of parking spaces are 2.47 m in width and 4.52 m in length. 
Comparing this to specifications provided by AASHTO (2012), a single parking space can only 
accommodate 4 bicycles. Hence, the proposed design for public bike racks based on the 
AASHTO guidelines is shown in Figure 6. 
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To ensure that free-standing bicycles are widely accessible to the public, NACTO (2019) 
suggested the use of In Street Corrals which are bike racks that can be found behind the curb in 
the street. This study also proposes that In Street Corrals are to be provided in Freedom Park 
since this is the center of most leisure activities in the campus as well as in front of the UP Gate 
since it is the main entrance of the students. Possible location of corrals in the park is between 
the benches. The measured distance between the benches is 8m. The corresponding design for 
corrals in the park is shown in Figure 10a. Moreover, the proposed design for corrals in front 
of UP is shown in Figure 7a and b. 

 

 
 

     Figure 6. Proposed design for bike racks in parking spaces 
 

  

  
                            (a)                                       (b) 
 Figure 7. Proposed design for corrals: a) in Freedom Park and b) in front of UP gate. 
 

Shown in Figure 8 is the map of the service area which indicates locations of designated 
stations, in-street corrals, and concrete-painted parking lots, as well as the land use in the area. 

 

  
(a)                                           (b) 

Figure 8. Proposed location of bicycles in the service area: a) middle campus and b) animal 
science. 

Bicycles 
   Station 
   Street Corrals 
   Parking Lot 
 
 

Land Use 
   Jeepney route 
   With cycling lane 
   Academic buildings 
   Residential/commercial 
   Park 
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4.2 Financial Projections 
 

According to ITDP (2018), drafting a financial model for a publicly funded BSS considers three 
primary estimations: Capital cost, operating cost, and revenue.  

Capital Cost. The capital costs refer to the expenses for the bicycles, stations, station 
docks, public racks, as well as for site planning and installation (Baton Rouge, 2016). The total 
capital cost can be estimated by multiplying the amount of equipment to their average cost and 
adding this with the overall cost for site planning and preparation, installation, etc. (ITDP, 2018; 
Baton Rouge, 2016).  

Operating Cost. Operating costs are the expenses related to the operation of the system 
which includes labor, direct operational expenses, maintenance, and rebalancing. ITDP (2018) 
also considered the startup cost under the operating costs. Startup costs are the expenses 
incurred during the pre-launch of the BSS. According to Baton Rouge (2016), startup costs 
include personnel costs as well as administrative and marketing costs. 

Financial costs for this study were primarily based on the feasibility study published by 
the Cities of Wilmington (2016) and Baton Rouge (2016). In calculating the annual operating 
costs, a $105-per-dock-per-month cost was used for both dockless and station-based bikes as 
recommended by Wilmington (2016). It is important to note that the per-dock-per-month cost 
for a dockless bike is estimated to be significantly lower but since not enough information are 
known about it yet, the same cost with a station-based bike will be used for a dockless bike 
(Baton Rouge, 2016). Average capital costs of $55,000(Php 2,666,400) and $40,000(Php 
1,939,200) per 10 station-based and dockless bikes, respectively, were used to determine the 
capital cost while the installation costs were set to be $3,500(Php 169,680) per station 
(Wilmington, 2016; Baton Rouge, 2016). On the other hand, the startup costs were 
approximated as $300,000(Php 14,544,000) (Wilmington, 2016). The projection of costs for 
the 1st year was based on the proposed system size. However, an additional number of 50 
bicycles for both the station-based and free-floating systems were incorporated for the 3rd year 
to account for the expansion of the system (Wilmington, 2016). The Philippine Peso equivalent 
of the values is shown in Table 5. 

 
Table 5. Projected total costs in Php for the hybrid BSS for five years of operation. 

 Year 1 Year 2 Year 3 Year 4 Year 5 
Dockless 
bikes 

 
301 

 

 
     301 

 
351 

 
351 

 
351 

Station-
based bikes 

35       35 85 85 85 

Capital and 
Installation 
Cost 

73,000,000       - 117,000,000 - - 

Startup Cost 14,544,000       - - - - 
Operating 
Cost 

20,500,000 21,140,000 26,600,000 27,400,000 28,000,000 

Total Costs 108,044,000 21,140,000 143,600,000 27,400,000 28,000,000 
 

Revenue. According to Redmond (2016), revenues of a BSS may come from different 
sources such as user-generated trip and membership fees, donations, grant funding, 
advertisements, etc. 

For user generated fees, riders typically must pay for both access and usage fees to use a 
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bike share system. The access fee depends on the type of membership a user wants to subscribe 
to, whether annual or casual. Meanwhile, usage fees depend on the duration of the travel. 
Majority of known BSS operators offer free ride for the first 30 minutes. The usage fee will 
start to be charged after this free trial. Study of Gumaru (2017) showed that 62% of survey 
participants preferred a direct payment basis and 64% preferred casual membership. 
Furthermore, his findings showed that 49% are only willing to pay for 1.50 pesos for 10 minutes 
and 2.00 pesos for the succeeding 10 minutes. 

Summing the numbers of bicycle commute and recreational/errand trips per day will 
produce a total of 5,696 trips per day. Findings of Gumaru (2017) revealed that 74.33% of his 
survey respondents considered supporting a bike-sharing system inside the university. 
Multiplying 74.33% to the total population of students will give 8,457 students who are likely 
to support the BSS. Furthermore, the study of Gumaru (2017) also showed that 36% of the 
population considered subscribing to a long-term membership while 64% preferred casual 
membership. Multiplying these percentages to the 8,457 students will produce 3,045 long-term 
members and 5,412 casual members. It is important to note that this study will assume that the 
long-term membership is equivalent to annual membership while the casual membership is 
equivalent to monthly membership. 

According to ITDP (2018), publicly-funded systems usually do not meet the operation 
costs solely through usage fees. This is recouped by attracting other revenue sources such as 
advertisements, government subsidies, and sponsorships. The projection of revenue was based 
on the varying membership fees and usage fees. Meanwhile, the Fundraising Need was based 
on the total costs for the first year of operation. Values are summarized in Table 6, 7, and 8. 

 
Table 6. Projected Revenue for a Php150.00 annual membership fee and Php20.00 casual 

membership fee 
 Php2.00 per trip Php4.00 per trip Php6.00 per trip 

Revenue from 
Membership Fees 

1,755,630   

Revenue from 
User Fees 

2,984,704 5,969,408 8,954,112 

Total System 
Revenue 

4,740,334 7,725,038 10,709,742 

 
 

Table 7. Projected Revenue for a Php200.00 annual membership fee and Php40.00 casual 
membership fee 

 Php2.00 per trip Php4.00 per trip Php6.00 per trip 
Revenue from 
Membership Fees 

3,206,760   

Revenue from 
Usage fees 

2,984,704 5,969,408 8,954,112 

Total System 
Revenue 

6,191,464 9,176,168 12,160,872 

Fundraising Need 101,850,000 98,870,000 95,883,000 
 

 
 
 
 

17



 

 

Table 8. Projected Revenue for a Php250.00 annual membership fee and Php50.00 casual 
membership fee 

 Php2.00 per trip Php4.00 per trip Php6.00 per trip 
Revenue from 
Membership Fees 

4,008,450   

Revenue from 
Usage fees 

2,984,704 5,969,408 8,954,112 

Total System 
Revenue 

6,993,154 9,977,858 12,962,562 

Fundraising Need 101,000,000 98,000,000 95,000,000 
 
                                       

5. CONCLUSIONS AND RECOMMENDATIONS 
 

Bike-
study analyzed the feasibility of an operation of a hybrid bike-sharing system inside the campus 
of UPLB and provided an initial design for the program. 

 A total coverage area of 2.41 square kilometers was measured using Google Earth Pro. 
The service area was divided into three: the middle campus, the upper campus, and the Animal 
Science. Population density and roadway characteristics were the exogenous factors used to 
determine the trip-generation capacity of the subareas. It was found out that the middle campus 
had the highest trip-generating capacity while both the upper campus and the Animal Science 
had low trip-generating capacity. For the middle campus, the calculated number of required 
bicycles was 301. Meanwhile, for the upper campus, 15 bicycles, 30 docks, and 5 stations were 
determined to be the appropriate system size. The station locations were placed at the parking 
lot of ACB, outside FPRDI, outside the COF, and outside the dormitories. On the other hand, 
for the Animal Science, the system size was set to 20 bikes, 40 docks, and 2 stations. The 
stations were placed at the entrance of Animal Science and outside the Copeland Gym. 

In terms of financial analysis, the equivalent capital and operating costs were also 
projected based on the financial model provided by different international municipalities. The 
estimated total cost for the proposed system was Php 108,044,000 for the first year of operation. 
On the other hand, the system revenues were estimated based on different membership and 
usage fees. It was found out that the sole revenues from user fees will not be adequate to support 
the operation of the BSS. Hence, other sources of revenue such as sponsorship and government 
funding will be necessary. However, the method used here for financial analysis is simplified. 
It is recommended that further cost analysis that consider complex factors should be conducted. 
Specifically, the cost benefit analysis for transportation projects should be utilized for further 
analysis. 

To successfully and effectively encourage the students to opt for cycling in travelling 
around the campus, the UPLB administration should create educational programs about cycling. 
This program may entail guidelines on how to cycle safely as well as include policies on 
appropriate cycling in the university. The administration can also enforce strict helmet polices 
inside the campus. In addition, location of stations as well as public corrals can be incorporated 
in the university map at the entrance of UPLB so that students and tourist can easily locate the 
bicycles. Moreover, this study only assumed a standard station set-up but other configurations 
such as curved or right angle may be considered depending on the location. Lastly, this study 
recommends the projection of the system cost to be based on actual equipment cost in the 
Philippines to further its accuracy. 
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