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The provisions of Republic Act 9003 (Philippine Solid Waste 
Management Law) are unmet because of multifaceted issues. 
Resource management, including waste management, is a key smart 
city area for Philippine cities. Through smart solid waste management 
(SSWM) – leveraging technology to solve solid waste management 
problems – decisions can be driven by data. The study created 
roadmaps for two LGU cases for smart solid waste management: the 
City of Oroquieta and the Municipality of Arteche.

There are already SSWM technologies applied and used in the 
Philippines: waste to energy technologies, on-demand recoverable 
waste collection, and collaborative waste collection architecture. 
However, the use of smart technologies also presents risks, primarily 
in data privacy, cyber vulnerability, and social inequity. Through a 
policy roadmap, the governance of smart cities, particularly in the 
waste management sector, can be enhanced and made resilient to 
the risks and threats of smart technologies.

Through case studies, the solid waste management policy environment 
of the LGU cases were characterized. Challenges and opportunities in 
the local solid waste management systems of the LGU cases were 
also determined to create appropriate roadmaps. Policy roadmaps 
created are based on the model policies published by the G20 Global 
Smart Cities Alliance. These policies are:

• ICT accessibility in public procurement,
• Privacy impact assessment,
• Accountability in cybersecurity,
• “Dig Once” for digital infrastructure, and,
• Open data.

The City of Oroquieta is the capital city of the Province of Misamis 
Occidental. It is a 4th income class city that generated around 16,700 
kg of solid waste daily in 2015, 52% of which is biodegradable. The 
City representatives identify two primary issues in solid waste 
management: the lack of a Solid Waste Management Office and 

challenges in establishing sanitary landfills. Of the model policies, the 
City selected “Dig Once” and Open Data as priority policies. “Dig Once” 
was selected for the purposes of coordination among local offices; 
Open Data was selected for more efficient planning. The Planning 
Office was identified as the lead office for activities towards enacting 
these policies.

The Municipality of Arteche is a municipality of the Province of Eastern 
Samar. It is a 3rd income class municipality that generated around 
3,600 kg of solid waste daily in 2019, 55% of which is biodegradable. 
The Municipality representative identifies two primary challenges 
in solid waste management: the absence of a sanitary landfill and 
geographical constraints to solid waste collection. The Municipality 
already has a municipal-level open data policy. When asked which 
of the remaining four model policies to prioritize next, “Dig Once” 
and Accountability in Cybersecurity were selected. “Dig Once” was 
selected for establishing internet connectivity in rural barangays for 
monitoring program implementation; Accountability in Cybersecurity 
was selected for ensuring that data backups of municipal data exist.

Executive Summary1
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The following policy roadmaps for smart solid waste management 
are proposed to each LGU case:

Smart governance policies should be established considering 
foundational problems like institutional arrangements and absence 
of mandated waste management facilities. Smart solid waste 
management can enable local governments to use technology for 
enhancing their processes and systems. The provincial government is 
in a strategic position to enhance solid waste management.

ROADMAP FOR SOLID WASTE 
MANAGEMENT

Recommended research directions include (1) creating financing 
options for permanent staff positions for environment and solid waste 
management offices, (2) studying policy adoption of different LGU 
types, (3) interviewing all officials involved in Solid Waste Management, 
and (4) community immersion.



Solid waste management is the calling card of a local government 
unit (UN-HABITAT 2010). In the Philippines, a 20-year-old solid waste 
management law - Republic Act 9003 - mandates local government 
units for primary responsibility in implementing and enforcing the 
provisions of an ecological solid waste management system. Local 
government leaders are “both facilitators and impediments” in solid 
waste management (Domingo and Manejar 2021). However, the 
provisions of the solid waste management law – waste segregation, 
waste recovery, proper waste disposal facilities – are unmet because 
of multifaceted issues.

Smart city development is an emerging development strategy for 
Philippine cities towards “leveraging technology in solving urban 
problems.” Arup (2021) lists 80 smart city projects in the Philippines. 
In relation, the cities of Manila, Cebu, and Davao are pilot cities of the 
ASEAN Smart Cities Network (PNA, 2021).

Resource management, including waste management, is a key smart 
city area for Philippine cities (Arup 2021). Waste to energy technologies 
are highlighted as an “upcoming opportunity” in smart resource 
management in Philippine cities (Arup 2021). Sidhu et al., (2021) 
simulated their smart collaborative waste management system in the 
case of Quezon City Philippines and found that the system enabled 
waste-pickers to collect more than 80% of household plastic waste 
bins before these are completely full.

Smart solid waste management (SSWM) leverages technology to solve 
solid waste management problems. Various elements can compose a 
smart solid waste management system. SSWM technologies include 
smart garbage bins (Sidhu et al., 2021; Onoda 2020), internet of things 
(IoT) - enabled waste management (Esmaeilian et al., 2018) and 
waste to energy technologies (Arup 2021). Collection and transport of 
household waste can be performed using smart bins, robotic sorting 
and pneumatic waste collection systems (Sidhu et al., 2021, Onoda 
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2020, Sohag 2020). On- demand waste collection is also available 
through social apps like Trash Panda, Hakoot, and Wayste. With smart 
waste management systems, optimal planning of waste management 
can be enabled (Lu et al., 2019). In smart cities, waste management is 
a value creation strategy rather than a tactical decision for compliance 
and environmental protection (Esmaeilian et al., 2018).

By having a smart solid waste management system, local governments 
can make decisions that are driven by data and encourage deeper 
citizen participation and engagement in resolving issues in solid 
waste management. Solid waste per capita can be reduced by 10-20% 
with smart waste management systems (McKinsey Global Institute, 
2018). Smart waste management elements like smart bins can also 
promote increased inclusivity of disabled individuals. Waste to energy 
technology can convert large volumes of waste into power that can be 
mixed with the current supply of the local government unit.

There are already SSWM technologies applied and used in the 
Philippines. On-demand recoverable waste collection is offered in 
the metropolitan centers of Metro Manila and Davao (Mirasol, 2021; 
Rivera, 2019). Cauayan City, dubbed as the “First Smart City in the 
Philippines,” established a waste to energy facility that treats 22 tons 
of waste daily through a public-private partnership (ICLEI SEAS, 
2019). Ogdol et al., (2018) proposes an internet of things - based (IoT- 
based) framework for centralized monitoring of solid waste disposal 
facilities. Sidhu et al., (2021) conducted experiments for their smart-
collaborative waste management architecture using Quezon City as 
a case study.

However, the use of smart technologies also presents risks, primarily 
in data privacy, cyber vulnerability, and social inequity (GSCA). The 
use of mobile applications for on-demand waste collection includes 
opting agreements to share addresses and contact details with 
vendors. Without proper accountability frameworks, datasets can be 
shared to other parties. Converging systems and technologies open 
new entry points for cyber attacks that can threaten sustainability 
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of services. Introducing new technologies can also widen the digital 
divide in Philippine local governments. More than half of households in 
the Philippines still lack Internet access (The World Bank 2020). Waste 
to energy technologies, institutionalized as a waste management 
option for local governments (DENR DAO 2019-21), are opposed by 
environmental groups who assert that WTE projects are in violation 
of the Philippine Clean Air Act and pose social disparity and health 
threats (Tandog 2021).

A policy roadmap outlines the policies and steps necessary to achieve 
a desired state. Through a policy roadmap the governance of smart 
cities, particularly in the waste management sector, can be enhanced 
and made resilient to the risks and threats of smart technologies. A 
policy roadmap helps maximize the benefits of data and efficiency 
from using smart technologies in waste management, particularly in 
data privacy and user inclusivity. A policy roadmap can mitigate the 
risks on privacy, data exclusivity, and redundant processes associated 
with implementing smart technologies. One driver of smart city 
development is “a strong regulatory environment that fosters 
confidence and trust of citizens and inventors'' (Tan and Taeighagh 
2020).

The study created roadmaps for two LGU cases for smart solid waste 
management. Specifically, the study:

1. Characterizes the solid waste management policy environment 
for local governments in the Philippines

2. Enumerates the opportunities and challenges in local solid waste 
management related to data-driven policy making

3. Proposes roadmaps to local governments for smart solid waste 
management

3.1 Mandated local solid waste management in the 
Philippines

Local solid waste management in the Philippines is covered by Republic 
Act 9003, which envisions an ecological solid waste management 
system. Preference in waste management options is framed in the 
National Solid Waste Management Framework (Figure 1). Using the 
waste management hierarchy as a reference, local government units 
in the Philippines are mandated to prioritize strategies that avoid 
waste and only resort to management when this cannot be avoided or
recycled. In short, avoiding waste is the most preferred option; residual 
management is the least preferred option.

Conceptual Fremework 3

Figure 1� Hierarchy of solid waste management options (Source: National 
Solid Waste Management Framework)
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Local-level solid waste management is fundamentally covered by 
Republic Act 7160 (Local Government Code of 1991) and Republic 
Act 9003 (Ecological Solid Waste Management Act of 2001). 
Different levels of local governments are provided with corresponding 
responsibilities in waste collection, transport, recovery, and disposal: 
compostable and reusable wastes for the barangay, non- recyclable 
materials for the municipality or city (Magalang 2014; RA 9003). 
Cities and municipalities are also mandated to create solid waste 
management boards who, among other duties, shall develop and 
implement ten-year solid waste management plans that include 
waste characterization profiles and source reduction components (RA 
9003). Among the members of these boards is the local environment 
and natural resources officer (ENRO), an optional officer for all 
local government levels per the Local Government Code (RA 7160). 
Establishing common waste management facilities are also provided 
in the law for “ jointly addressing common solid waste management 
problems.”

3.2 Literature on smart solid waste management

Existing smart solid waste management systems in literature are 
mostly focused on waste collection and disposal using internet of 
things-based frameworks (Sidhu et al., 2021; Sohag, 2020; Onoda 2020; 
Ogdol et al., 2018). Sidhu et al., (2021) proposes a smart collaborative 
architecture for plastic waste management. Sohag (2020) proposes 
an IoT-based waste management system that includes a display 
and a communication system. Onoda (2020) presents a prototype 
of an automated smart garbage bin, among other post-COVID waste 
management strategies. Ogdol et al., (2018) proposed an IoT-based 
framework for a centralized monitoring of solid waste facilities. 
Adoption of intelligent waste management systems can be enhanced 
through creating adoption models that focus on innovation, perception 
and readiness (Oloo Ajwang et al., 2020).

Papers on smart solid waste management in the Philippines are 

majorly focused on the technological aspect. Samonte et al., (2021) 
developed solar-powered smart bins. Parilla (2020) proposed a 
low-cost monitoring system for garbage levels in drainages using 
IoT. Aguila et al., (2019) presented a real-time monitoring of solid 
waste collection through smart waste bins. Janjua et al., (2018) 
explored opportunities in waste to energy technology in the Ilocos 
Region of the Philippines. This paper contributes to the policy 
aspect of using smart technologies in solid waste management. 

3.3 The G20 Global Smart Cities Alliance Policy 
Roadmap

Strong regulatory environment is a driver of smart city development 
in developing countries (Tan and Taeihagh 2020). Through creating 
policies for smart city governance, Philippine local governments can 
maximize the benefits and minimize the risks of smart technologies 
(GSCA). Policies regarding open data and privacy impact assessments 
enable more accountability in the government. ICT accessibility leads 
to greater innovations. Collaborative working of utilities can reduce 
disruption days: 1,600 days between 2019 and 2020 in the case of 
the Greater London Authority (GSCA). Having cyber accountability 
policies reduces the vulnerability of government systems from cyber-
attacks.

The G20 Global Smart Cities Alliance (GSCA) “was established to 
help cities identify and adopt foundational policies for smart city 
technologies.” Established in 2019, the Alliance “advances global 
policy norms to help accelerate best practices, mitigate potential 
risks, and foster greater openness and public trust.”

The Policy Roadmap is an ongoing effort of the GSCA for providing 
a “baseline for sound technology governance” to policy-makers and 
technology providers. The Roadmap, a set of model policies developed 
by a select task force of experts, is built around five core principles:
Equity, inclusivity, and social impact, Privacy and transparency, 
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Security and resilience, Operational and financial sustainability, and, 
Openness and interoperability. The first five model policies published 
by GSCA are in Table 1.

Pioneering cities of the G20 GSCA have adopted and implemented 
these policies differently. Only 2 of the 36 Pioneer Cities have 
written guidelines in place for all five policies, only one successfully 
implementing all five. Also found was that cities are implementing a 
model policy in practice, but without a written policy. Of the five model 
policies, open data policies have the highest adoption (Pioneer Cities 
with relevant written policies) and implementation (Pioneer Cities 
with implemented policies) rates, 53% and 77% of Pioneer Cities 
respectively. The list of Pioneering Cities is in Annex 1.

Table 1� Model Policies of the G20 GSCA Roadmap and how Pioneer Cities 
have adopted and implemented them

3.4 Applying the G20 GSCA Policy Roadmap to Solid 
Waste Management

In this study, the GSCA Policy Roadmap is being adapted to smart 
solid waste management. With smart city development being 
a complex process, the study aims to contribute to the body of 
knowledge through enhancing solid waste management in the LGU 
cases with smart technology and governance. Table 2 summarizes 
the applicability of the GSCA model policies to smart solid waste 
management.

Model Policy Pioneer Cities With 
Relevant Policies 

Implemented

ICT accessibility 
in public 
procurement

Privacy impact 
assessment

Accountability in 
cybersecurity

Dig Once 
for digital 
infrastructure

Open data

Source: WEF

13 out of 29 (45%)

9 out of 27 (33%) 

14 out of 28 (50%)

12 out of 30 (40%)

20 out of 34 (59%)

Main Policy Objective Pioneer Cities With 
Relevant Written 

Policies

Make digital-related 
services accessible to 
those with disabilities 
through building 
accessibility standards 
into procurement

Define processes 
to assess privacy 
implications of smart 
technology

Define key accountability 
measures to protect 
information assets of 
cities and citizens

Improve coordination 
among stakeholders in 
digital infrastructure 
roll-out to reduce cost 
and complexity

Develop a model policy 
for open data strategy

12 out of 29 (41%)

6 out of 21 (29%) 

13 out of 28 (46%)

16 out of 30 (53%)

26 out of 34 (76%)

Table 2� Direct Relevance of GSCA Policies to Solid waste management

Model Policy

ICT accessibility 
in public 
procurement

Privacy impact 
assessment

Accountability in 
cybersecurity

Dig Once 
for digital 
infrastructure

Open data

• Waste technologies and 
facilities that serve PWDs 
(e.g., on-demand collection) 

• Contractor transparency in 
operation  

• Record keeping of waste 
generation and management 
data 

• May exist in IoT-based smart 
solid waste management 
system 
 

• Integration of solid waste 
management into command 
center for traffic and DRR for 
comprehensive monitoring 

• MRF and landfill plans should 
include digital connectivity 
plans 
 

• Sharing of waste generation 
and management data 
between government and 
private sector  

• Interoperable GIS data for 
solid waste management 
planning

Highlights of Model Policy Direct relevance to solid 
waste management

• Building ICT accessibility 
standards (for those with 
disabilities) into procurement 

• Defining processes for 
identifying and mitigating 
privacy risks 
 
 
 

• Purpose: protect assets of cities 
and their citizens, including 
appointing a Chief Info Security 
Officer 

• Improve coordination among 
city stakeholders, reduce 
cost and complexity of digital 
infrastructure roll-out 

• Future-proof connectivity by 
strategic collaboration with 
providers, utility companies, and 
other stakeholders 

• Open data strategy

16 CONCEPTuAL FREMEWORk 17



4.1 Short Description of Case Study LGUs
 
Two local government units were used as case studies: the City of 
Oroquieta and the Municipality of Arteche. These LGUs were chosen 
because of existing contacts of the Project Team in their local 
government and the LGU’s respective income classifications. Table 3 
summarizes the details of the two LGUs.

Methodology4

Table 3� Overview of LGU Cases

Model Policy

Political relation

Population (2020 

PSA) Income 
classification

Daily solid waste 
generation based 
on LGU data

Component municipality of the 
Province of Eastern Samar

16,360

3rd income class 

3,655 kg (2019)

Highlights of Model Policy Direct relevance to solid 
waste management

Capital City of the Province of 
Misamis Occidental

72,301

4th income class 

16,790 kg (2015)

4.2 Documents reviewed in desk research

The following documents were reviewed for each LGU case.

City of Oroquieta

• 10-Year Solid Waste Management Plan. 2016-2025
• Comprehensive Development Plan (CDP). 2017-2022.
• Comprehensive Land Use Plan (CLUP) Sectoral Studies. 2011-

2020.
• Comprehensive Land Use Plan (CLUP) Structure & Land Use 

Plans. 2011-2020.
• Local Development Investment Plan (LDIP) - For Approval. 2021-

2022.

Municipality of Arteche

• 10-year Solid Waste Management Plan. 2019-2029
• Executive Order on Open Data Policy
• Ordinance on the Municipal Solid Waste Management Program

4.3 Case study and roadmap creation

To create individual roadmaps for each LGU case, separate small 
group workshops were conducted (Annex 2 and Annex 3). Each 
workshop aimed to prioritize the model policies provided by the GCSA 
according to the self-assessment and priority issues and challenges of 
the LGU case. The Project Team also presented recommended steps 
(Annex 4) for each priority policy selected; the LGU representatives 
identified lead offices, supporting offices, stakeholders to engage, 
and estimated timeframe for each step.

Participants were debriefed on their considerations in selecting 
priority policies and corresponding offices for each step. After the 
workshops, the Project Team consolidated the workshop results. 
Using the findings from the case studies, the Project Team evaluated 
the prioritization made by the LGU case. The Project Team also 
recommended additional steps and foundational policies that the 
LGU case may need to complete before starting with steps related to 
the smart city policies.

18 METhODOLOGY 19



5.1 Case Study

5.1.1 Demographic and Geographic Attributes

Oroquieta City is the capital city of the Province of Misamis Occidental. 
Located in Northern Mindanao, Oroquieta City is a 4th income class 
component city with a total population of 72, 301 in 2020 (PSA, 2020).
The city’s terrain is described to have lowland and coastal areas on 
the eastern side and mountainous in the western side. Agriculture, 
specifically coconut cropping, serves as the primary industry and 
livelihood of Oroquieta City.

5.1.2 Status of waste generation

Latest data available suggests that the city generates 16,790 kg of 
solid waste daily (SWM Plan 2016-2025). Of this, 95% is generated 
by households, the rest is generated by commercial establishments. 
Waste collected is 86% biodegradable and 14% non-biodegradable. 
The latest Waste Analysis and Characterization Study (WACS) of the 
City was conducted in 2015. Table 4 shows the breakdown per waste 
category.

Roadmap for Smart Solid 
Waste Management of 
Oroquieta City

5
5.1.3 Waste handling and infrastructure

Figure 2 summarizes the solid waste handling process of Oroquieta 
City. House-to-house collection of non-biodegradable waste is the 
responsibility of the Office of City Public Services (OCPS). Non-
biodegradable wastes are brought to the materials recovery facilities 
within the City. Biodegradable waste, including public market waste, 

Table 4� Daily Solid Waste Generation and Composition of Oroquieta City in 2015

Waste Type

Biodegradable 

Recyclable 

Residual 

Special waste

TOTAL              

52.62 

0.11 

46.67 

0.60 

100.00

Volume (kg/day) % of Total

8, 836

18

 7,836

100

6,790 Figure 2� Oroquieta City Solid Waste Handling Process
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is usually processed in a composting facility and converted into fish 
amino acid and vermicast. Residual waste is brought to a Temporary 
Residual Containment Area (TRCA), per the instruction of DENR 
because the City has no sanitary landfill yet (Oroquieta CENRO OIC, 
personal communication). The construction of the sanitary landfill 
was paused by the onset of the COVID-19 pandemic.

Other facilities and equipment present in the city include plastic bins 
allocated for public market waste, a septic vault for healthcare waste, 
plastic pulverizer, bio-shredder, plastic densifier, bio-reactor, bulldozer, 
10-wheeler dump trucks, mini dump trucks, and multicab. Additionally, 
all barangays are encouraged to maintain their own composting 
facility to utilize biodegradable waste.

5.1.4 Highlights of policy environment for solid waste 
management in LGU

5.1.4.1 The 10-year SWM Plan of the City

The City Government of Oroquieta has a 10-year solid waste 
management plan (2016-2025) that has been submitted to and 
approved by the National Solid Waste Management Council (NSWMC). 
The plan used 2015 WACS data.

5.1.4.2 Designated SWM Focal Person

The City has no separate Solid Waste Management Office yet. There 
is a designated focal person who manages the tasks related to Solid 
Waste Management and a technical working group (TWG) working on 
to accomplish some of its responsibilities.

5.1.4.3 Challenges in establishing the City Sanitary Landfill

Due to the order to close all open and controlled dumpsites, Oroquieta 
City currently uses the TRCA for final disposal of residual waste. 

Activities for the construction of the City Sanitary Landfill were 
hampered by the onset of the COVID-19 pandemic.

5.1.5 Highlights of policy implementation

5.1.5.1 Compliance of residents to waste management policies

Oroquieta City residents comply and participate in waste segregation 
(CENRO OIC, personal communication). The waste collectors have 
been instructed to collect only segregated waste. The CENRO, 
however, does not have records of the waste segregation compliance 
of barangays.

5.1.5.2 Waste management practices encouraged

Among the practices which contribute to the decrease of generated 
waste in Oroquieta City are the following 1) total ban of plastics, 2) 
recycling or converting waste to innovative items, and 3) information 
and education campaigns (IEC) to build-up knowledge on proper 
waste disposal and segregation. Other methods observed include 
waste diversion, waste reduction, and using biodegradable waste to 
create compost.

5.1.6 Plans of and proposals to the LGU about new 
solid waste management technologies

5.1.6.1 Interest in waste to energy technologies

According to the CENRO OIC, proposals for waste to energy 
technologies have been presented to the City. The Mayor expressed 
interest in these; the CENRO OIC previously advised the Mayor against 
these because of the need for large volumes of waste for viability of 
waste to energy projects.
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Previously, a proposal for a recovery facility failed to pass for the 
People’s Survival Fund. A Central MRF is included in the City Local 
Development Investment Plan (2021-2022).

5.1.6.2 Linking compliance in plastic ban with business permitting

Included in the Oroquieta City 10-year Solid Waste Management 
Plan is the minimization of plastic. The City passed an ordinance in 
2017 on “Anti-Littering and Plastic Use.” Although the plan has no 
definite timeline for implementation, the City is continually conducting 
information campaigns among business establishments on plastic 
minimization.

5.2 Priority challenges and opportunities in the solid 
waste management of Oroquieta City

During the key informant interview, two primary issues in solid waste 
management were identified by the CENRO of Oroquieta City. Per 
the CENRO, these were also cited as primary issues by DENR in their 
presentation of their 10-year solid waste management plan.

5.2.1 Institutional arrangements in solid waste 
management, including a specific Solid Waste 
Management Office

The City has an active Solid Waste Management Board and a 
Technical Working Group for Solid Waste Management. Although 
the CENRO is a member of both bodies, the CENRO is not the focal 
person for solid waste management. The current designated or focal 
person managing SWM tasks and responsibilities is under the Office 
of City Public Services. The office also handles waste collection and 
hauling since it manages the heavy equipment of the City. Two staff 
members from the City Health Office and the City Agriculture Office 
have previously been designated on separate times as focal persons 

for solid waste management.

5.2.2 Establishment of Sanitary Landfill and Other 
Waste Facilities

The onset of the COVID-19 pandemic hampered the construction of 
the sanitary landfill as well as the conduct of a new waste analysis and 
characterization study (WACS). Waste to energy (WTE) technologies 
are also eyed as a solution for solid waste management. However, low 
waste generation volumes of the City may not be able to justify the 
need for a WTE project (CENRO, personal communication).

The use of a collaborative smart solid waste management database 
(e.g., Sidhu et al., 2021) can sustain waste analysis and characterization 
amidst logistical constraints. With updated WACS data, decisions 
about waste facilities can be informed better.

5.3 Roadmap for smart solid waste management of 
Oroquieta City

The proposed roadmap for smart solid waste management for 
Oroquieta City is in Table 5.

Representatives from the OCPDC and CENRO selected two priority 
policies for Oroquieta City: (1) the “Dig Once” Policy and (2) Open Data 
Policy. They also identified lead and supporting offices, stakeholders 
to engage, and estimated time allotment for each recommended 
step corresponding to their selected policies. The institutional issue 
regarding the designation of a solid waste management officer is an 
urgent first step before any smart-city-related policy.
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Inventory plans and programs 
related to digital connectivity and 
waste management

Public Services (OCPS), City Mayor - IT 
Division (OCM), CENRO, City Health (CHO)

Planning Office 
(OCPDC)

“DIG ONCE” POLICY

Figure 2� Oroquieta City Solid Waste Handling Process

Recommended Steps

Schedule activities for crafting 
ordinance to create permanent 
staff positions in the Environment 
and Natural Resources Office 
and/or Solid Waste Management 
Office.

Office of the City Mayor
City Offices with functions on environment 
and natural resources
City Offices with past and present functions 
on solid waste management

Lead Office Supporting Local offices 

Sangguniang 
Panlungsod (City 
Council)

Stakeholders to Engage Start quarter End quarter

FOUNDATIONAL POLICY FOR LOCAL SOLID WASTE MANAGEMENT

Accredited CSOs relevant to the environment
Private sector representatives of environment-related 
and waste management services

Y1 Q1 Y1 Q2

Barangays Solid Waste Management Council, Association 
of Barangay Captains (ABC),

Y1 Q1 Y1 Q3

Call for forum on coordination, 
inviting Internet service providers 
and utility providers, especially 
waste-related providers

Public Services (OCPS), Engineer's Office 
(CEO), CENRO, City Health (CHO)

Planning Office 
(OCPDC)

Barangays Solid Waste Management Council, Association 
of Barangay Captains (ABC),

Y1 Q4 Y2 Q1

Schedule workshop and 
activities for policy drafting

Public Services (OCPS), Engineer's Office 
(CEO), CENRO, City Health (CHO)

Planning Office 
(OCPDC)

Planning Office (OCPDC), Public Services (OCPS), City 
Mayor - IT Division (OCM), CENRO, City Health (CHO)

Y2 Q2 Y2 Q2

Conduct inventory of data 
generated and stored by local 
offices.

City Mayor - IT Division (OCM), Public 
Services (OCPS)

Planning Office 
(OCPDC)

OPEN DATA POLICY

All local offices Y1 Q1

Map existing data sharing 
relationships among local offices

OCPDC, Public Services (OCPS), CENRO, 
CDRRMO

City Mayor (OCM) All divisions chiefs Y2 Q1

Map processes and inventory 
standards in sharing and 
publishing data to the general 
public.

OCPDC, Public Services (OCPS), CENRO, 
CDRRMO

City Mayor (OCM) All divisions chiefs, ABC (barangay captains) Y2 Q3

Y1 Q4

Y2 Q2

Y3 Q1

Schedule workshop and activities 
for open data policy drafting.

OCPDC, Public Services (OCPS), CENRO, 
CDRRMO

City Mayor (OCM) All divisions chiefs, ABC (barangay captains) Y3 Q2 Y3 Q4

5.3.1 Priority # 1 - “DIG ONCE” for Digital Infrastructure

The “Dig Once” policy was selected by LGU representatives to “firmly 
establish coordination among offices and stakeholders.” With the 
policy, the LGU representatives expressed, more connected and 
synchronous operations can occur among offices and other entities. 
Annex 2 shows the unprocessed results of the workshop with 
Oroquieta City LGU.

5.3.2 Priority # 2 - Open Data Policy

LGU representatives selected Open Data to “write plans more 
efficiently.” Sharing data is a problem among municipal offices, which 
consequently makes planning challenging. One of the results they 
envision is having a single repository or database where offices can 
extract data anytime. Annex 2 shows the unprocessed results of the 
workshop with Oroquieta City LGU.
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5.4 Discussion on Findings and Policy Roadmap of 
the City of Oroquieta

Two of the three LGU representatives to the workshop are staff of the 
Office of the City Planning and Development Coordinator: this may 
be a reason for their desire to lead the steps in enacting a “Dig Once” 
policy. Relatedly, the City Planning and Development Coordinator is 
the Secretariat of the City Development Council (DILG 2008; RA 7160), 
hence OCPDC should have access to all local plans.

Good coordination among municipal offices is a minimal result 
compared to the potential impacts of a “Dig Once” policy. Facilitating 
the works of utility providers, road contractors, and internet service 
providers can save the residents of Oroquieta City time and money 
because of fewer disruptions and shorter delays.

Prioritizing a local Open Data policy is also related to planning: outdated 
and inaccessible data is an obstacle to effective local planning, 
monitoring and evaluation. With data in open form, municipal data 
for solid waste management are accessible and updatable, even with 
changes to focal persons.

6.1 Case Study

6.1.1 Demographic and Geographic Attributes

The Municipality of Arteche is part of the Province of Eastern Samar. 
A third income class municipality, Arteche has a total population of 16, 
360 people (PSA 2020). Arteche consists of 20 barangays: four in the 
poblacion and 16 rural barangays.

The municipality’s terrain is a combination of hills, plain and rugged 
terrain. It has barangays in the upland and the riverside, and one island 
barangay.

6.1.2 Status of waste generation

Latest local data available suggests that the city generates 3, 665 
kg of solid waste daily (Arteche Solid Waste Management Plan). Of 
this, 55% are biodegradable, 32% are recyclable, 12% are residual, and 
1% are special waste. Most of solid waste is generated by residential 
sources (94% of total). The latest Waste Analysis and Characterization 
Study (WACS) of the City was conducted in 2019. Table 6 describes 
the daily waste generation of Arteche.

Roadmap for Smart Solid 
Waste Management 

of the Minicipality of 
Arteche

6
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Table 6� Daily Waste Generation of Municipality of Arteche Based on Three-
Day WACS in 2019

Waste Type

Biodegradable

Recyclable 

Residual 

Special waste 

TOTAL 

54.85% 

31.91% 

11.97%

1.00% 

100.00%

Average Volume 
Collected in 
Poblacion

Barangays (kg/
day)

% of Total

733.81 

426.94 

160.10 

13.35 

1,344.20

Average Volume 
Collected in Rural 

Barangays (kg/
day)

Average Volume 
Collected during 

2019 WACS

1,276.54 

742.71 

278.52 

23.21 

2,320.98

2,010.35 

1,169.65 

438.62 

36.56 

3,665.18

6.1.3 Waste handling and infrastructure

                         Arteche implements two different collection systems for 
poblacion and rural barangays because of its geographical constraints 
(Figure 3). In the Poblacion barangays, LGU-provided collection 
vehicles managed by the barangay governments collect household 
wastes on a weekly schedule. Collected waste is transported to 
barangay MRFs for sorting. Residual waste is transported to the 
TRCA for temporary storage, in the absence of a sanitary landfill. 
Rural barangays, not being served by the municipal waste collection 
system, were instructed to create their own MRFS and TRCAs for final 
waste disposal.

6.1.4 Highlights of policy environment for solid waste 
management in LGU

6.1.4.1 10-year solid waste management plan

The 10-year solid waste management plan of Arteche covers 2019 to 
2029 and was approved by NSWMC in January 2019. The Plan was 
completed through the technical assistance of a private consulting 
firm.
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6.1.4.2 Waste Disposal Provisions in the Municipal Ordinance on 
Solid Waste Management

Municipal Ordinance 16-03 enacted in 2016 details the solid waste 
management program of the Municipality. The Ordinance designates 
the Temporary Residual Containment Area (TRCA) located within 
the Municipal Eco-Park as disposal area for residual waste “until the 
Municipality has access to a sanitary landfill.” Barangays are also 
required by the Ordinance to secure residual collection clearance slips, 
which requires data on the volume of residual waste for transfer, from 
the Municipal Solid Waste Management Office before transferring 
collected residual waste to the TRCA.

6.1.4.3 Municipal-level Open Data Policy

The LGU of Arteche implements a municipal-level open data policy 
(ODP) through Executive Order No. MB-15 of the Municipal Mayor 
signed in June 2021. The ODP is a result of an ongoing partnership 
between the Municipality and SmartCT, a non-government 
organization. The said policy was formulated and implemented due to 
its crucial part to open smart cities. In a span of one month, SmartCT 
conducted meetings and drafted the policy with the help of the LGU 
who also made several amendments prior to the implementation of the 
said executive order (SmartCitiesPH,Inc., personal communication).
The ODP includes the following provisions:

• Designating the IT Team of the Municipal Government to oversee 
the municipal open data program, which includes proactively 
releasing publishable municipality data free, in open formats, and 
“fully accessible to the broadest range of users.”

• Implementation of the Open Data Initiative, a global 
community that “advances government data transparency.” 
The implementation includes identifying lead open data 
coordinators for each municipal department and the creation of 
a comprehensive inventory of datasets.

• Co-creating and maintaining a central location for published data 

that is licensed openly.
• Publishing an annual Open Data Report regarding the open data 

program of the municipality

6.1.5 Observations on policy implementation

6.1.5.1 Effects of Open Data Policy on solid waste management

The Solid Waste Management Officer acknowledges the benefit of 
the Open Data Policy on solid waste management data. One benefit 
highlighted is the opportunity to demonstrate the strengths and 
weaknesses of LGU programs on solid waste management through 
using data, particularly for endorsing policies to the Sanggunian 
Bayan (Municipal Council).

The SWMO, however, expresses that no specific instructions have 
been given regarding database management due the Open Data 
Policy.

6.1.5.2 Acknowledgement of geographical differences in waste 
management strategies 

Because of different geographical contexts, waste management 
strategies of the municipality differ between the poblacion barangays 
and the rural barangays (see Figure 3).

6.1.6 Plans of and proposals to the LGU about new 
solid waste management technologies

6.1.6.1 Conduct updated waste analysis and characterization study

The SWMO expressed plans to conduct a waste analysis and 
characterization study (WACS) as soon as possible to determine the 
waste facilities and equipment the Municipality needs.
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6.1.6.2 Restart and sustain incentive-driven programs

Before the pandemic stopped face-to-face classes, the Municipality 
was implementing a Plastic Palit Lapis Program (Plastic for Pencils) 
for elementary students. The program was also featured by news 
network CNN Philippines. During the pandemic, the Municipality 
started the Tirok, Timbang, Tabang (T3) program (Collect, Weigh, 
Help), a recyclables-for-goods program.

The SWMO expressed enthusiasm in funding these programs with 
the effect of the Mandanas Ruling.

6.2 Priority challenges and opportunities in the solid 
waste management of the Municipality of Arteche

Two challenges were expressed by the SWMO: the absence of a final 
disposal facility and geographical constraints to solid waste collection. 
The Project Team also analyzed how the existing Open Data Policy 
presents opportunities for enhancing solid waste management in the 
Municipality of Arteche.

6.2.1 Absence of sanitary landfill for final solid waste 
disposal

Asked “what should be the focus of smart solid waste management 
in your municipality?”, the SWMO identified the construction of a 
sanitary landfill for final disposal. Without a sanitary landfill, the TRCA 
effectively is the final disposal facility, which the SWMO likened to it 
being “another controlled dumpsite.”

6.2.2 Geographical constraints to solid waste 
collection

Upland and island barangays are unserved by the municipal solid 

waste collection system. These barangays are instructed to create 
their own TRCAs for final waste disposal. Without proper guidance, 
mismanagement of waste can occur.

6.2.3 Opportunities to enhance solid waste 
management with existing Open Data Policy

The SWMO declared that data recording and management is also 
a problem because the SWMO is the only staff for solid waste 
management. The SWMO-designate is officially the Assistant 
(Disaster Risk Reduction Management) DRRM Officer, but also 
serves as the Municipal Environment and Natural Resources Officer 
(MENRO), General Services Officer (GSO), and Pollution Control 
Officer (PCO).

At present, internet access in the Municipal Hall is heavily reliant 
on individual mobile data. Each office stores data through external 
devices like flash drives. The Open Data Policy of the Municipality 
mandates a data architecture that considers these constraints.

6.3 Roadmap for smart solid waste management of 
Municipality of Arteche

The proposed roadmap for smart solid waste management for the 
Municipality of Arteche is in Table 7.

Because the Municipality already has a municipal-level open data 
policy, the Solid Waste Management Officer was asked to choose 
and prioritize among the remaining four model policies (see Table 1). 
Priority policies selected were: (1) ”Dig Once” for digital infrastructure 
and (2) Accountability in cybersecurity. The existing Open Data 
policy can be expanded to include guidelines for data backups and 
cybersecurity.
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6.3.1 Priority # 1 - “DIG ONCE” for Digital Infrastructure

The “Dig Once” policy was selected for the purpose of establishing 
internet connectivity in the riverside, upland and island barangays. 
With internet connectivity, the SWMO envisions that the Municipal 
Government can monitor and implement solid waste management 

Inventory plans and programs 
related to digital connectivity and 
waste management

IT Office
Municipal Solid Waste Management Office, 
Engineering Office, Municipal Building 
Official Municipal Disaster Risk Reduction 
and Management Office,

Municipal Planning and 
Development Office

“DIG ONCE” POLICY

Table 7� Proposed roadmap for smart solid waste management for Arteche

Recommended Steps

Schedule workshop and activities 
for financing the staffing 
requirements of the Solid Waste 
Management Office.

Municipal Budget Office

Lead Office Supporting Local offices 

Municipal Solid Waste 
Management Office

Stakeholders to Engage Start quarter End quarter

FOUNDATIONAL POLICY FOR LOCAL SOLID WASTE MANAGEMENT

Private solid waste management service providers Y1 Q1 Y1 Q2

CSOs, ISPs, water service providers
Barangay captains

Y1 Q1 Y1 Q2

Call for forum on coordination, 
inviting ISPs and utility providers, 
especially waste-related 
providers

Engineering, MPDO, MSWMO, MBO, 
MDRRMO

Municipal Mayor's 
Office

Service providers for utilities, internet and 
telecommunication CSOs

Y1 Q3 Y3 Q3

Schedule workshop and 
activities for policy drafting

All municipal officesMunicipal Mayor's 
Office

All stakeholders engaged in previous steps Y1 Q4 Y2 Q2

Assess current status of 
cybersecurity accountabilities in 
individual LGU offices.

All municipal officesIT office

ACCOUNTABILITY IN CYBERSECURITY

CSOs Y1 Q1

Conduct knowledge and 
awareness programs 
for cybersecurity for top 
policymakers.

All municipal offices and elected officialsIT office SmartCT (NGO) CSOs Y1 Q3

Schedule workshop and activities 
for policy drafting, considering 
also how existing Open Data 
Policy can be amended to include 
guidelines for securing data 
backups.

Y1 Q4

Y1 Q2

Y1 Q3

Y2 Q3All municipal offices 
IT Office

Sangguniang Bayan SmartCT (NGO) CSOs

programs in rural barangays more effectively. The ongoing program 
to provide Level 3 Water Systems in the Municipality (SWMO, personal 
communication) can be a pilot for assessing how to synchronize plans 
in roads, utilities and internet. Annex 3 shows the unprocessed results 
of the workshop with the Municipality of Arteche SWMO.
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6.3.2 Priority # 2 - Accountability in Cybersecurity

The accountability in cybersecurity policy was selected for the 
purpose of ensuring that backups for municipal data exist. Currently, 
there is no centralized hub for data backups in the Municipality. The 
partnership with SmartCT can be expanded to cover cybersecurity 
when the transition to an open data municipality is stable. Annex 3 
shows the unprocessed results of the workshop with the Municipality 
of Arteche SWMO.

6.4 Discussion on Findings and Policy Roadmap of 
the Municipality of Arteche

The Open Data Policy of the Municipality of Arteche manifests its 
desire to enhance its planning, implementation and monitoring 
efforts, including in solid waste management. The designation of the 
IT Office under the Office of the Mayor provides a guideline for future 
data-related policies that the Municipality will create. Transitioning 
from a siloed data architecture into the Open Data Program may be 
challenging with poor network connectivity.

Ranking “Dig Once” as a priority policy for smart solid waste 
management is aligned with comments of the SWMO that the 
municipality’s geography presents a challenge for solid waste 
monitoring. Since the “Dig Once” policy aims to reduce the 
disruption to citizens of public works, establishing such policy while 
the construction of the sanitary landfill is on hold enables for a 
comprehensive synchronization of landfill plans with the plans for 
road networks, utilities, and other public works.

7.1 Resolving institutional problems in solid waste 
management is the most immediate intervention.

The absence of specific provisions in RA 9003 for a specific solid 
waste management office is imbalanced with the requirements to 
the mandate of proper solid waste management. With solid waste 
management primarily devolved to barangay governments, most 
are dependent on municipal and city governments for equipment 
and transport (Domingo and Manejar 2021). Institutional makeovers 
because of leadership intent can also disrupt solid waste management 
activities, a case common for Oroquieta City in this study and Quezon 
City in Domingo and Manejar (2021). The creation of a permanent 
Solid Waste Management Office is hindered by personnel funding 
issues, which should be prioritized given additional funds due the 
Mandanas Ruling.

Relatedly, creating a permanent environment and natural resources 
officer (ENRO) position can be an immediate-term intervention. Even 
with national legislation unable to provide for permanent office for the 
ENRO (Domingo and Manejar, 2021; SEPO 2012), cities like San Carlos 
and Naga (Camarines Sur) have created permanent ENRO positions 
with appropriations (San Carlos City City Ordinance 13-01; Naga City 
Ordinance 1997-102). The experience of the Province of Albay

(Cuevas et al., 2016) in climate change adaptation can be adapted 
to solid waste management. Cities that have created permanent 
offices for environment officers like San Carlos City and Naga City 
(Camarines Sur) can be tapped as mentors.

7.2 Establishing a sanitary landfill is difficult for low-
income local governments.

The LGU cases both identified the construction of sanitary landfills 
as priority challenges in solid waste management. “If we invest in 
the expensive sanitary landfill, we will have no budget left for other 

Conclusions 7
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social services,” one LGU representative quotes their Mayor during an 
interview. Solid waste management technologies like sanitary landfills 
and material recovery facilities should include a viable income 
generating program (Domingo and Manejar 2021). Tipping fees and 
user charges are examples that can be explored.

RA 7160 and RA 9003 both provide for clustering of local government 
units for common waste management problems. Clustering LGUs is 
a recommended resource augmentation strategy by Domingo and 
Manejar (2021). In effect, the Provincial Government is in a strategic 
position to enhance solid waste management of its component cities 
and municipalities, as recommended in DILG (2008). For example, the 
Provincial Government has larger access to qualified personnel who 
can build the capacity of their counterparts in the component cities 
and municipalities. The Provincial Government can also influence 
the location of shared solid waste management facilities through the 
review and approval process for land use plans.

Implementing smart solid waste management policy, particularly 
open data and “dig once,” can help enhance the planning of common 
waste facilities for local government clusters. An open data policy 
facilitates sharing of waste generation and management data. A 
“Dig Once” Policy streamlines construction of waste facilities along 
optimized waste collection routes.

7.3 Sustain public and private sector engagements

The Open Data Policy of the Municipality of Arteche was a result of 
a partnership with SmartCT, a non-profit organization working in 
the Philippines. LGUs are encouraged to tap education and research 
institutions for technical assistance in development, particularly with 
the devolution transition in 2022 (Pulhin et al., 2021; Domingo and 
Manejar, 2020). Public-private partnerships also address the barrier of 
financing in smart city development (Tan and Taeihagh, 2020).

8.1 Financing arrangements for creating ENRO and/
or SWM Office

The Mandanas Ruling can be an opportunity for the LGU cases 
to create permanent staff positions for environment and natural 
resource offices. Technical assistance from the national agencies 
concerned will be critical. Research on different financing scenarios 
can provide LGUs options.

8.2 Comparing policy adoption for different types of 
LGUs

The theoretical model of Oloo Ajwang et al., (2020) regarding 
adoption of smart solid waste management can be applied to the 
Philippine context through case studies of different LGU types. 
Highly urbanized cities and independent cities may have different 
adoption and implementation rates of policy than component cities 
and municipalities because of varying supervisory structures (per 
the Local Government Code). Completing a practical assessment of 
smart technology adoption can inform future strategies.

8.3 Interviewing all officials involved in Solid Waste 
Management

The inclusion of all officials involved in Solid Waste Management 
activities, particularly in planning and implementation, regardless of 
which office they originate from, can be a good opportunity to better 
understand and describe the solid waste related policies and activities 
of the study area. This is particularly useful for municipalities or cities 
without an established or official Solid Waste Management Office or 
Officer.

Recommendations to 
Future Research

8
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8.4 Community Immersion

Without the threat of a public health emergency, to observe and 
experience first-hand the process and system of LGUs in Solid 
Waste Management can be of help to formulate more specific and 
comprehensive recommendations regarding policies and activities 
the study areas may adopt and implement.
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Pioneering Cities
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Apeldoorn (Netherlands) 

Bogota (Colombia) 

Brasilia (Brazil)

Cordoba (Argentina) 

Istanbul (Turkey) 

Kampala (Uganda) 

Karlsruhe (Germany) 

Medellin (Colombia) 

Melbourne (Australia) 

Mexico City (Mexico) 

Milan (Italy)

Newcastle (Australia) 

Barcelona (Spain)

Belfast (United Kingdom) 

Bengaluru (India)

Bilbao (Spain)

Buenos Aires (Argentina) 

Chattanooga (United States) 

Source: WEF(2021)

Cities

Daegu (South Korea)

Dubai (United Arab Emirates) 

eThekwini (Durban) 

South Africa Faridabad (India)

Gaziantep (Turkey)

Hamamatsu (Japan)

Hyderabad (India)

Indore (India)

Kaga (Japan)

Kakogawa (Japan)

Leeds (United Kingdom)

Lisbon (Portugal)

London (United Kingdom)

Maebashi (Japan) 

Manila (Philippines) 

Moscow (Russia)

San Jose (United States) 

Toronto (Canada)
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For the City of Oroquieta, the key informant interview and online 
workshop were conducted on separate days.

Key Informant Interview with CENRO OIC

The key informant interview was conducted on November 29, 2021 
with Maynard Bongcayao, Officer-in-charge of the City Environment 
and Natural Resource Office (CENRO OIC). The following responses 
were received on corresponding questions.

Annex 2� KII and 
Workshop Results for 
City of Oroquieta

11
I. How would you describe the current status of Solid Waste 

Management in Oroquieta City? 

a. Please describe the flow of solid waste management from 
generation to disposal. 
 
Residents are required to segregate their wastes before the 
collection. Collecting officers from the City Public Services 
Office follows a schedule for the waste collection. Only 
residual wastes are collected while biodegradable wastes 
are turned into compost. Barangay captains are called upon 
in case of problems in collection or schedule. Residual 
wastes are transferred to MRFs or Materials Recovery 
Facilities wherein it is further sorted out. After further 
sorting, the materials are stored in a Residual Containment 
Area, an alternative to sanitary landfills. Some materials are 
converted into bags, eco bricks, or hollow blocks through 
the municipalities’ available equipment and the help of 
women organizations. 

b. Who collects which types of waste? 
 
The City Public Services Office holds the equipment and 
is in-charge of collecting the waste in Oroquieta City. 
Two dump trucks are utilized - one for biodegradable and 
another for non-biodegradable. Residual wastes are usually 
collected while biodegradable wastes are turned into 
composts for the use of farmers. 

c� Who manages waste management data, e�g�, WACS data? 
 
The CENRO Office in partnership with other officials/
designates (from City Health Office, City Public Services 
Office) manages waste data. When waste at source is 
collected, it is weighed and recorded in a logbook.

What is your LGUs biggest challenge in enforcing ecological solid waste 
management?

Two of the biggest challenges the LGU of Oroquieta is currently facing:

- Institutionalizing the SWM Office

- Establishment of Waste Facilities (Sanitary and Recycling Facility)

 
Which technology/ies do you see as the biggest opportunity for enhancing 
your local solid waste management system?

Before engaging in waste to energy technologies, a Recycling Facility was 
suggested as more appropriate, beneficial, and feasible for the LGU. 
 
 
If you would choose one problem, what should be the focus of smart solid 
waste management in your LGU?

The absence of a sanitary landfill remains as one of the problems that the LGU 
must focus on. Although an alternative is in-place, having a sanitary landfill is a 
mandate.

Fundamental Questions
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II. Who are the main offices involved in solid waste management 
planning and implementation? Are there ordinances or memos 
outlining these roles?

The CENRO is one of the main offices involved in the SWM 
Planning. A Technical Working Group (TWG) composed of 
representatives and officials from concerned offices was 
created to outline the SWM Office functions.

The City Health Office serves as the head of the TWG. However, 
the SWM Office is yet to be institutionalized or formalized as a 
division of CENRO. A designated or focal person from the City 
Agriculture Office (CAO) was assigned to take charge of SWM 
Activities while the CPSO implements the collection of solid 
waste in the city since the office holds the trucking equipment to 
do so.

In summary, there is no official SWM Office which concentrates 
on SWM planning and implementation. A handful of 
officials from concerned offices are taking on the tasks and 
responsibilities. A focal person was assigned but he/she has 
other responsibilities aside from SWM related activities.

a. What is the envisioned institutional arrangement for the 
SWM office? How will this office relate with other existing 
local offices? 
 
An SWM Office, which is an official division of the CENRO, 
with plantilla positions is the vision of CENRO, following 
the DENR’s instructions, for Oroquieta City. By doing so, a 
separate office with separate officials can concentrate on 
planning, creating strategies, and implementing SWM plans. 

b. What solid waste related technologies, if any, are being 
proposed to your LGU? 
 

Oroquieta City has a pulverizer for hollow blocks production, 
eco-bricks, and bags weaved from plastic packaging. 
 
In the absence of the sanitary landfill, the LGU was 
instructed by DENR to store residual waste in a Residual 
Containment Area. The RCA is a “temporary storage for 
segregated residual wastes (DENR DAO 2019-21)” 
 
The LGU has expressed interest in waste to energy 
technologies adapted and applied by other countries. 
This remains as a viable choice whenever possible. 
Facilities, such as landfills and recycling areas to house 
current practices, are practical and efficient options also 
considered.

III. What is the biggest challenge in implementing the last SWM 
Plan? In aligning with RA 9003? 
 
Institutional barriers such as budget, personnel, and 
organizational alignment are the primary pain points in 
implementing the SWM Plan.

IV. How is the pandemic affecting your SWM practices?

a. What changes did you observe and made in solid waste 
management during the pandemic? 
 
Some measures had to be observed to maintain safety 
of both waste collection personnel and residents during 
the pandemic. All in all, this did not pose any significant 
issue for the city. Waste produced from the pandemic 
(special wastes i.e., face mask and face shields) were still 
segregated and disposed of in the special wastes area. 
Bicycle type collectors for some barangays were also 
utilized during the pandemic. 
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b. How was the community/resident’s participation and 
compliance to solid waste management during this 
period? 
 
There is no significant change in the participation and 
compliance of residents/community. Although there have 
been isolated incidents of improper disposal of pandemic 
wastes, this did not become a major concern through time. 
Proper segregation was still observed and practiced by the 
majority. Information drives initiated by the city were helpful 
to maintain compliance of residents.

V. 3 years left for the validity of the plan� What is the vision of 
Oroquieta City for SWM in the next 10 years (2025 beyond)?

a. If you would choose one, what should be the focus of the 
next solid waste management plan? 

• In terms of policy
• Putting up a sanitary landfill which was postponed 

due to the pandemic must still proceed.
• Setting up the SWM Office and opening up plantilla 

positions to fill in the roles
• Implementing and observing the mandates of the 

Local Government
• Code

• In terms of technology
• Proposal to People’s Survival Fund for a recycling 

facility
• Abide by the mandate to have a sanitary landfill and 

establish a recycling facility
• In terms of behavior change

• For participation of residents to be maintained ex. 
Total ban of plastics - There were initial violators but 
later on this was observed religiously.

Online workshop for policy prioritization

Overview of online workshop in City of Oroquieta

The online workshop was conducted on December 2, 2021, from 
1:10PM to 2:40 PM with the following participants from the City of 
Oroquieta:

• Maynard Bongcayao, CENRO OIC
• Engr. Christopher Atay, Project Development Officer III, 

OCPDC
• Maurice Vonne Gido, Project Development Assistant, OCPDC

The online workshop lasted for 1 hour and 30 mins and followed the 
program below.

• Short Introductions and Project Overview
• Presentation of Priority opportunities and challenges from 

KII findings
• Presentation of 5 model policies
• Q&A about Policy Roadmap
• Workshop Proper
• Debriefing
• Synthesis and Closing

Highlights of the Online Workshop Proper

When asked to select priority policies, participants discussed in 
private – with muted microphones but cameras on. They selected (1) 
“Dig Once” and (2) Open Data.

When asked why these policies were selected, the following responses 
were received.

# 1. “Dig Once” for Digital Infrastructure - Since there is no office 
who would like to take on the responsibility of SWM Office, the Dig 
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Priority # 1 - “DIG ONCE” for Digital Infrastructure

Recommended Step

Inventory plans and 
programs related to 
digital connectivity and 
waste management

 
 
Call for forum on 
coordination, inviting 
Internet service 
providers and utility 
providers, especially 
waste-related providers

Schedule workshop 
and activities for policy 
drafting.

Public Services 
(OCPS), City 
Mayor - IT 
Division (OCM), 
CENRO, City 
Health (CHO) 
 
Public Services 
(OCPS), 
Engineer's Office 
(CEO), CENRO, 
City Health 
(CHO) 
 
Public Services 
(OCPS), 
Engineer's Office 
(CEO), CENRO, 
City Health 
(CHO)

Lead Office Supporting 
Local Offices

Planning 
Office 
(OCPDC) 
 
 
 
 
Planning 
Office 
(OCPDC) 
 
 
 
 
Planning 
Office 
(OCPDC)

Stakeholders to 
Engage

Start 
quarter

End 
quarter

BSWM, ABC 
(barangay captains), 
 
 
 
 
 
PLDT/Smart Local 
Office, Globe Local 
Office, Local Radio 
Stations, Local 
Cable Providers 
 
 
Planning Office 
(OCPDC), Public 
Services (OCPS), 
City Mayor - IT 
Division (OCM), 
CENRO, City Health 
(CHO)

Y1 Q1 
 
 
 
 
 
 
Y1 Q4 
 
 
 
 
 
 
Y2 Q2

Y1 Q3 
 
 
 
 
 
 
Y2 Q1 
 
 
 
 
 
 
Y3 Q2

Priority # 2 - “OPEN DATA”

Recommended Step

Conduct inventory of 
data generated and 
stored by local offices. 
 
 
Map existing data 
sharing relationships 
among local offices. 
 
 
Map processes and 
inventory standards in 
sharing and publishing 
data to the general 
public. 
 
Schedule workshop and 
activities for open data 
policy drafting.

City Mayor - IT 
Division (OCM), 
Public Services 
(OCPS) 
 
OCPDC, Public 
Services 
(OCPS), CENRO, 
CDRRMO 
 
OCPDC, Public 
Services 
(OCPS), CENRO, 
CDRRMO 
 
 
OCPDC, Public 
Services 
(OCPS), CENRO, 
CDRRMO

Lead Office Supporting 
Local Offices

Planning 
Office 
(OCPDC) 
 
 
City Mayor 
(OCM) 
 
 
 
City Mayor 
(OCM) 
 
 
 
 
City Mayor 
(OCM)

Stakeholders to 
Engage

Start 
quarter

End 
quarter

All local offices 
 
 
 
 
All divisions chiefs 
 
 
 
 
All divisions chiefs, 
ABC (barangay 
captains) 
 
 
 
ABC (barangay 
captains), all local 
offices

Y1 Q1 
 
 
 
 
Y2 Q1

 
 
 
Y2 Q3 
 
 
 
 
 
Y3 Q2

Y1 Q4 
 
 
 
 
Y2 Q2 
 
 
 
 
Y3 Q1 
 
 
 
 
 
Y3 Q4

Once policy will help to firmly establish coordination among offices 
and stakeholders. The presence of this policy is envisioned to help 
the offices and other entities involved become more connected and 
synchronous in its operations.

# 2. Open Data - Open Data is prioritized in order for documents to be 
written more efficiently. Data available for the municipality is outdated 
and kept within respective offices. It is not stored in a single repository 
or database wherein offices can extract data anytime needed. This 
means that sharing data from one office to another is also a problem 
and it results in difficulties in creating, drafting, and finalizing plans.

Using the Recommended Steps Worksheet (Annex 4), participants 
generated the corresponding tables.

Project Team with CENRO OIC Maynard Bongcayao during Key Informant Interview

PHOTOS
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Project Team with representatives from Oroquieta City Government during 
Online Workshop

Annex 3� KII and 
Workshop Mechanics for 

Municipality of Arteche     

12

For the Municipality of Arteche, the key informant interview and online 
workshop were conducted on December 3, 2021, 10AM-11:30AM, 
with the program below. This was because of the schedule limitations 
of the focal person. Crispullo Paller, SWMO/ENRO designate, was the 
sole representative from the Municipality.

• Short Introductions and Project Overview
• Key Informant Interview
• Presentation of 5 model policies
• Workshop Proper
• Debriefing
• Synthesis and Closing

Responses to Key Informant Interview Questions 

What is your LGUs biggest challenge in enforcing ecological solid waste 
management?

1. The lack of a sanitary landfill for final waste disposal (current TRCA 
becoming a controlled open dumpsite)

2. Not all barangays are serviced by the LGU’s waste collection team due 
to the municipality’s geographical profile

 
Which technology/ies do you see as the biggest opportunity for enhancing 
your local solid waste management system?

1. Technology that would help them to collect wastes even in their 
upland, riverside and island barangays

2. Technology that would help the SWMO to monitor and have an 
update regarding status of SWM in the different barangays especially 
riverside, island, and upland barangays. 

Fundamental Questions
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If you would choose one problem, what should be the focus of smart solid 
waste management in your LGU?

1. Construction of a sanitary landfill for final waste disposal.

 
How has the enactment of the open data policy affected solid waste 
management planning, enforcement and monitoring in your LGU?

1. No experience yet

2. Goal: To gather data from the different departments relevant to Solid 
WasteManagement that shall support the policies to be endorsed by 
the SWMO to the local legislative body 

Fundamental Questions

I. Describe the process of Solid Waste Management from 
collection to disposal 

a. Poblacion Area Waste Collection System 
 
The LGU implements a weekly schedule of collection per 
barangay per type of waste. On Mondays, biodegradables 
are collected; Wednesday is for non- biodegradables, 
and Friday is for biodegradables. The five (5) poblacion 
barangays have their own collection vehicles (chariot) 
provided by the LGU to collect wastes per household within 
their jurisdictions. The collected wastes are then stored by 
the barangays to their own MRFs (recyclables) or straight 
to the TRCA for final sorting and disposal (for residual and 
other types of waste). 

b. Rural Barangays Waste Collection System 
 
Upland, island, and riverside barangays are encouraged by 
the SWMO to create their own TRCA as their final waste 
disposal site. These barangays are not serviced by the LGUs 
TRCA and central MRF.

II. Who is responsible for collecting wastes? 

Barangays collect wastes per household within their 
jurisdictions. Barangays transport collected wastes to their 
own MRF or to the LGU’s TRCA.

• When TRCA is full it becomes an open controlled 
dumpsite.

• Households are encouraged to segregate their wastes 
prior to

• collection of the barangay waste collection team.
• "No segregation, no collection” policy is being 

implemented
• supported by Municipal Ordinance No. 16-03 series 

of 2016 - “An ordinance adopting ecological SWM 
program of the municipality of Arteche, province of 
Eastern Samar”

• Some households still practice traditional methods of 
dumping wastes into bodies of water or burning which 
is against RA 9003. The LGU provided trash bins to the 
pilot barangays to encourage waste segregation. So 
far, the LGU has observed that many households are 
now practicing segregation of their own wastes. Mixed 
wastes collected by the barangay/LGU is at minimal. 

III. Please validate the following ordinances/policies pertaining to 
solid waste management if existing, approved, or planned� 

a. The 10-year Solid Waste Management Plan (2019-2029) of 
the LGU has been approved last January 2019.

b. Ordinance requiring compliance with “no segregation, no 
collection” policy for application of barangay clearance is 
not yet drafted/implemented. 
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IV. Which office is in-charge of the implementation, monitoring of 
waste collection, treatment, and disposal? 
 
The SWMO designate (sir Paller) is the officer-in-charge of 
implementing SWM programs as well as monitoring of waste 
collection, treatment, and disposal. 
 
The SWMO also partners with the Municipal Agriculture Office 
(MAO) for conversion of some collected wastes into agricultural 
products (soil conditioner, fertilizer, etc.) 
 
Sir Paller who is the SWMO designate also serves as the ENRO, 
GSO, and Pollution Control Officer but his plantilla position is 
Assistant DRRM Officer. 
 
The latest available WACS data is conducted by a third party 
(2019). 

V. What is the biggest challenge in solid waste management 
in your local government? a� If you would choose one, what 
should be the focus of the next solid waste management plan 
in terms of policy? 
 
Establishment of a sanitary landfill (SLF) as final disposal site 
for wastes collected by the LGU. 
 
There is a request to the EMB to create at least a clusterized 
Sanitary Landfill to suffice LGU needs for SLF which is pricey for 
an LGU to construct/maintain. 

VI. What is your vision on the LGU’s Solid Waste Management with 
regards to the Mandanas-Garcia Ruling/Full Devolution? 
 
On 2022, the SWMO aims to update their WACS to be able to 
determine the facility/ies and machinery needed for their SWM 
programs 

Continue IEC campaigns regarding solid waste management to 
the barangays and schools 
 
Implementation of Project BOWAD or Barangay Based Output 
on Waste Management and Disposal 
 
Encourage barangays to formulate and implement their own 
SWM Plans and Programs 
 
Continue incentive-driven SWM programs such as Plastic Palit 
Lapis Program and T3 - Tirok (Ipon), Timbang, Tabang (Tulong) 

VII. What present policies and actions are answering these 
challenges? 
 
Compliance with RA 9003 
 
Municipal Ordinance No. 16-03 series of 2016 - “An ordinance 
adopting ecological SWM program of the municipality of 
Arteche, province of Eastern Samar 

VIII. Please describe the process of enacting the Open Data Policy 

a. Who initiated the process? 
 
Open data policy is in partnership with SmartCT 
 
The LGU has established an IT team upon implementing the 
Open Data Policy with a designated head. The IT office is 
in-charge of implementing the open data policy of the LGU. 
The IT office is different from the designated Information 
Officer. 

b. What are the important elements in implementing the 
policy? 
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Availability of data to the public - a protocol for each office is 
provided on how to make their data accessible to the public. 
 
Platforms where data can be accessed by the public (social 
media and website of the LGU). 

c. How does the open data policy benefit solid waste 
management? 
 
Open data policy may help the SWMO in updating their 
WACS and other SWM related data 
 
Updated/additional data relevant to SWMO from the 
different departments can help support the SWMO to 
endorse policies/ordinance to the legislative body of the 
LGU 

Selected policies following Open Data Policy
 
Since the Municipality of Arteche has an Executive Order for Open 
Data Policy, the SWMO/ENRO designate was asked to select from 
the remaining four policies which should be prioritized. Responses 
are recorded below.

When asked to select priority policies, the participant selected (1) 
“Dig Once” and (2) Accountability in Cybersecurity.

When asked why these policies were selected, the following 
responses were received.

a. “Dig Once” for Digital Infrastructure 

• This policy may help the LGU to be able to establish 
connectivity with the riverside, upland, and island 
barangay/s to be able to monitor and implement the 

LGUs SWM programs/system in these barangays
• At present, the Municipality of Arteche only relies on 

broadband and mobile data for internet access. Strong 
cell phone reception is also limited within the poblacion. 
Upland, riverside, and island barangay/s have very poor 
data and cell phone signals.

• The LGU has no existing network where data/records of 
each office are stored. Each office only stores their own 
data thru flash disks.  

b. Accountability in Cybersecurity 

• No existing data privacy officer.
• Request for data/information requires a letter of request 

addressed to the Mayor and thereafter turned over to 
the concerned department by the IT team.

• Lack of “vault” that contains all data and information of 
the LGU as backup data in case of data corruption per 
office 

During the online workshop, the focal person was asked to 
accomplish the Recommended Steps Worksheet. Parts of the 
worksheet were left unfilled after the workshop per the judgment 
of the Lead Researcher regarding the technical capacity of the 
focal person to provide required information given limited time. 
The focal person was asked to complete the worksheet through 
email.

The following tables were generated following the above 
methods.
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Priority # 1 - “DIG ONCE” for Digital Infrastructure

Recommended Step

Inventory plans and 
programs related to 
digital connectivity and 
waste management

Call for forum on 
coordination, inviting 
ISPs and utility 
providers, especially 
waste- related providers

Schedule workshop 
and activities for policy 
drafting.

ngineering 
Office, MAO, 
Barangay 
captains 
 
All other 
departments 
 

Lead Office Supporting 
Local Offices

IT Office 
and MPDC, 
information 
officer 
 
Engineering, 
MPDC, 
SWMO, MO

Stakeholders to 
Engage

Start 
quarter

End 
quarter

CSOs, ISPs, water 
service providers, 
 
 
 
Level 3 Water 
district ongoing, 
ISPs - Smart/Globe, 
CSOs 
 
 

Y1 Q1 
 
 
 
 
 
 

Y1 Q2 
 
 
 
 
 
 

Priority # 2 – Accountability in Cybersecurity

Recommended Step

Assess current status 
of cybersecurity 
accountabilities in 
individual LGU offices.

Conduct knowledge and 
awareness programs 
for cybersecurity for top 
policymakers.

Schedule workshop 
and activities for policy 
drafting.

Other 
departments of
the LGU
 
 
Other 
departments of
the LGU

Other 
departments of
the LGU 

Lead Office Supporting 
Local Offices

IT Office

IT Office

IT Office

Stakeholders to 
Engage

Start 
quarter

End 
quarter

CSOs 
 
 
 

SmartCT (NGOs) 

CSOs 
 

Y1 Q1 
 
 
 
 
 
 

Y1 Q2 
 
 
 
 
 
 

PHOTOS

Project Team with Crispullo Paller, SWMO-designate of Municipality of Arteche
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Policy
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Priority # 2 – Accountability in Cybersecurity

Open Data

“Dig Once”

ICT Accessibility in 
Procurement

Accountability in 
Cybersecurity 
 

Privacy impact 
assessment

Define processes 
to assess privacy 
implications of smart 
technology 
 
 
 
 
 
Define key accountability 
measures to protect 
information assets of 
cities and citizens 
 

Improve coordination 
among stakeholders in 
digital infrastructure 
roll-out to reduce cost and 
complexity 
 

Develop a model policy for 
open data strategy 
 

Make digital-related 
services accessible to 
those with disabilities 
through building 
accessibility standards 
into procurement

Policy Recommended Steps before Enacting Policy

1. Conduct inventory of data generated and stored by 
local offices.

2. Map existing data sharing relationships among 
local offices.

3. Map processes and inventory standards in sharing 
and publishing data to the general public.

4. Schedule workshop and activities for open data 
policy drafting. 

1. Inventory plans and programs related to digital 
connectivity.

2. Call for forum on coordination, inviting ISPs and 
utility providers, especially waste- related providers

3. Schedule workshop and activities for policy 
drafting. 

1. Conduct inventory of standards used in procuring 
digital services and related equipment.

2. Choose standards to use from the prescribed 
standards list of G20 GSCA.

3. Schedule workshop and activities for policy 
drafting. 

1. Assess current status of cybersecurity 
accountabilities in individual LGU offices

2. Conduct knowledge and awareness programs for 
cybersecurity for top policymakers.

3. Schedule workshop and activities for policy 
drafting. 

1. Conduct capacity-building program on data privacy 
law of the Philippines.

2. Inventory existing databases that contain sensitive 
information.

3. Determine challenges and opportunities of offices 
that deal with sensitive information.

4. Schedule workshop and activities for policy 
drafting.

The table below summarizes the recommended steps prepared for 
each model policy

Obljective
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