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Abstract 

 

In this study, a non-parametric method and 

established benchmarking tool evaluated the 

efficiency of 11 distribution utilities (DUs) 

in the Bicol Region using Data Envelopment 

Analysis (DEA).  The methods of DEA 

using constant returns to scale efficiency 

(CRS) and variable returns to scale 

efficiency (VRS) are utilized to analyze the 

efficiency of each distribution utility from 

year 2021 to 2023. Additionally, a window 

analysis was conducted for the three-year 

efficiency scores and further administered a 

survey questionnaire to DUs that operates as 

efficiency frontier. The DEA results 

revealed efficiency scores, slacks, and 

causes of inefficiency among DUs. The 

findings suggested that DUs experiencing 

inefficiency exhibited increasing returns to 

scale in the first two years and improved to 

efficiency frontier in the third year. 

Moreover, four DUs consistently showed as 

efficiency frontier and served as benchmark 

to its peer Decision-Making Unit (DMU). 

Finally, corrective measures focused on 

input reduction and engineering intervention 

are recommended to help improve efficiency 

of distribution utilities. This approach can 

potentially help policymaker and regulating 

agency to manage and develop programs for 

its distribution utilities. 
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Introduction 
Electricity, being a vital commodity, 

is one of the essential components of the 

United Nations Sustainable Development 

Goals. This demonstrates the United 

Nations' commitment to achieving the 

highest aspirations for humanity to have 

clean and affordable energy through the 

Sustainable Development Program’s target 

of 2030. This SDG7 aims to ensure access to 

affordable, sustainable, and modern energy 

for all by accelerating electrification, 

increasing investment in renewable energy 

efficiency, and developing enabling policies 

and regulatory frameworks (United Nations, 

2023). Parker et al. (2019) emphasized the 

need for new models that would enable the 

electric power industry to more effectively 

manage and utilize energy, while also 

helping government policymakers better 

understand the implications of regulatory 

decisions.  

The Philippine electric sector is 

mandated and regulated through government 

laws and policies, rules, and regulations 

integrated by agencies to provide efficient, 

reliable, and affordable power generation, 

transmission, distribution, and retail of 

electricity to many parts of the country 

through on or off-grid connections. The 

private companies identified as Independent 

Power Producers (IPP) and government-

operated Small Power Utilities Group 

(SPUG) have provided management, 

maintenance, and operation of power 

generation. Under a congressionally granted 

25-year franchise, the National Grid 

Corporation of the Philippines (NGCP) is 

the sole private corporation authorized to 

operate, manage, and upgrade the 

transmission sector in the Philippines. 

According to Department of Energy’s 

Distribution Developmental Plan 2019-

2028, there are one hundred fifty-one (151) 

listed distribution utilities that are composed 
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of twenty-one (21) private investor-owned 

distribution utilities, eight (8) local 

government unit operated and one hundred 

twenty-one (121) electric cooperatives task 

to deliver the needed electricity to all end-

users namely residential, commercial, and 

industrial.  Both the transmission and 

distribution of electric power are regulated 

and subject to the rate-making powers of an 

independent, quasi-judicial, and regulatory 

body in the Energy Regulatory Commission 

(ERC) that promotes competition, 

encourages market development, ensures 

consumer choice, and penalizes the abuse of 

market power by implementing the law. On 

the other hand, the National Electrification 

Administration (NEA) is a government 

agency in charge of implementing programs 

to reinforce the technical capability and 

financial viability of rural electric 

cooperatives. Thus, the implementation of 

the Electric Power Industry Reform Act 

(EPIRA) or RA 9136 resulted in the creation 

of four sectors to achieve a reliable and 

competitive price of electricity and to push 

reforms toward significant improvements in 

the country (Brucal and Ancheta 2018). 

EPIRA adopted the ideal textbook 

architecture of competitive energy markets, 

which was historically successful in 

Argentina, Canada, Brazil, and Australia, 

among others. Such adoption led to the 

creation of institutional arrangements and 

restructuring that are intended to provide 

long-term benefits and ensure that prices 

reflect the efficient economic cost of 

supplying electricity and service quality 

attributes (Joskow 2005). 

The Energy Efficiency and 

Conservation Act or RA 11285 established a 

framework for introducing and 

institutionalizing fundamental policies on 

energy efficiency and conservation, 

including the promotion of efficient and 

judicious utilization of energy, an increase 

in the utilization of energy efficiency and 

renewable energy technologies, and the 

delineation of responsibilities among various 

government agencies and private entities 

(17
th

 Congress, 2019). In accordance with 

RA 11285, all Electric Cooperatives (ECs) 

are required to implement energy efficiency 

programs to regulate energy consumption 

and ensure a reliable and stable power 

supply at the lowest possible cost 

nationwide (NEA, 2022). 

Among the country’s power sector, 

this study focused on the efficiency of the 

Distribution Sector in Region 5, Bicol, 

Philippines. The NEA, in partnership with 

Japan subject matter experts conducted a 

project aimed at reducing distribution 

system losses and enhancing power supply 

capability in ECs. The three (3) out of seven 

targeted ECs came from region 5, namely 

CASURECO II, SORECO I, AND 

CASURECO IV. According to the project, 

existing energy policies emphasize the 

significance of energy efficiency in 

enhancing the Philippines’ energy self-

sufficiency, as outlined in the Philippine 

Energy Plan 2012–2030. This projects a 

10% reduction in energy demand by 2030. 

The electric power sector accounted a 

significant share of the Philippines’ total 

energy demand, and enhancing energy 

efficiency within this sector can contribute 

to a comprehensive reduction of energy 

demand. The team recommended 

implementing the project that considers loss 

reduction as a suitable approach for the 

long-term effects and are expected to be 

reflected in the policies and plans of the 

distribution system loss reductions of 

electric cooperatives and the NEA (JICA & 

TEPCO 2013). As reflected in NEDA's 

recent document, the average system loss in 

the region was 16.03 percent as of February 

2023. Albay Electric Cooperative (ALECO) 

registered the highest system loss at 28% 

while Camarines Norte Electric Cooperative 
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(CANORECO) had the lowest percentage of 

6.37%. 

Furthermore, initiatives aimed at 

addressing information deficiencies should 

be prioritized to enable more comprehensive 

analyses that could guide targeted 

interventions for enhancing the efficiency of 

ECs (Bautista and Valderrama, 2011). 

Strengthening existing data collection and 

reporting systems would facilitate a more 

accurate evaluation of performance and 

operational dynamics across distribution 

utilities. In connection with this, researchers 

emphasized the importance of extending 

performance measurement frameworks to 

encompass broader efficiency indicators, 

allowing a more holistic assessment of the 

impacts of regulatory policies and their 

implementation outcomes among 

distribution utilities in the Philippines 

(Acebedo et al., 2020). 

The current state of studies in the 

energy distribution sector involves the 

development of programs, plans, and 

projects improving service and productivity 

efficiency. DEA was extensively utilized to 

evaluate the performance of electric 

cooperatives and distribution utilities in the 

Philippines. Pacudan and de Guzman (2002) 

concluded that energy efficiency policy 

impacts the productive efficiency of the 

electricity distribution industry in the 

Philippines. Additionally, in the study of 

Posadas and Cabanda (2007), the paper 

examined the productivity performance of 

private electric cooperatives in the 

Philippines. This study’s key contribution, 

the electricity productivity literature, found 

that the productivity of 117 cooperatives 

over the period of 1999 to 2003 is driven 

more by technological innovations in the 

industry than managerial efficiency. Bautista 

and Valderrama (2011) analyzed the 

efficiency of electric cooperatives' data from 

2001 to 2006, while Antonio and Clara 

(2014) studied the relative efficiency 

performance of MERALCO distribution 

sectors from 2006 to 2009. Recently, 

Acebedo et al. (2020) conducted technical 

and operational efficiency analysis of the top 

five private distribution utilities to analyze 

the effect of EPIRA. 

The researchers approached different 

groups, timelines, variables, and scopes. 

This implies that the efficiency of electric 

distribution utilities is constantly evolving; 

thus, subsequent research is needed.  This 

research addressed a gap in the existing 

literature by contextualizing the application 

of DEA within the operational realities of 

distribution utilities in the Bicol Region. 

With the integration of technical efficiency 

assessment within the region, this study 

provided a valuable guide and informed 

policy reforms, infrastructure planning, and 

performance benchmarking within the 

distribution sector. The efficiency evaluation 

of distribution utilities in this study 

employed a homogeneous set of input and 

output variables to ensure comparability 

among DMUs. The established 

recommendations from previous studies 

guided the selection of variables on electric 

cooperative efficiency. Specifically, the 

input variables included peak load, system 

loss, and non-power cost, while the output 

variables comprised total energy output and 

net operating revenue (Lavado, 2004). The 

analysis utilized the DEA under a linear 

programming approach, incorporating 

convexity constraints to identify the sources 

and nature of inefficiency among DMUs. 

Likewise, input and output slacks, as well as 

the percentage of potential input reduction, 

were computed to provide deeper insights 

into areas of resource misallocation or 

operational underperformance. To 

complement the quantitative findings, an 

extended survey questionnaire was 

administered to key personnel of efficient 

distribution utilities to identify qualitative 

and organizational factors influencing 
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efficiency, thereby integrating both 

operational and managerial perspectives in 

the assessment. 

The diversity in researchers 

analytical approach implies that the 

efficiency of electric distribution utilities is 

dynamic in response to regulatory and 

operational changes. Thus, subsequent 

research is essentially needed to cope to 

developments, refine models of analysis and 

ensure assessments remain aligned with the 

current industry conditions. 

Review of Related Literature and Studies 

The Philippine government 

embarked on an industry privatization and 

restructuring program to ensure an adequate 

electricity supply, brought about by the 

power crisis that occurred in the early 1990s. 

The restructuring scheme was embodied in 

the law enacted on June 8, 2001, Republic 

Act No.9136, titled ―Electric Power Industry 

Reform Act (EPIRA)‖. The law ensured 

quality, reliability, security, and 

affordability of power supply and broadened 

the ownership base of power generation, 

transmission, and distribution. The entire 

power industry is restructured into four 

sectors: generation, transmission, 

distribution, and supply. These aimed to 

launch competition in the generation sector, 

change from government to private 

ownership, and introduce a stable regulatory 

framework for the electricity sector. As part 

of the restructuring of the power sector, 

EPIRA created the Power Sector Assets and 

Liabilities Management (PSALM) 

Corporation, a wholly-owned and controlled 

government entity that functions to 

strengthen the financial viability of electric 

cooperatives. PSALM assumed all electric 

cooperatives' financial obligations to the 

NEA, an agency that focuses on promoting 

rural electrification and oversees the electric 

cooperatives’ operation (ICRS, 2021). NEA 

provided technical and managerial support, 

as well as loan financing for grid 

augmentation projects (Baustista and 

Valderrama, 2011). Under Section 58 of the 

EPIRA law, NEA is further mandated to 

prepare the electric cooperatives for 

operating and competing under the 

deregulated electricity market. Furthermore, 

the agency strengthened the technical 

capability and financial viability of rural 

electric cooperatives. Lastly, NEA reviewed 

and upgraded regulatory policies with 

insight into enhancing the viability of 

electric cooperatives as electric utilities 

(NEA 2021). 

Private investor-owned distribution 

utilities dominated the electricity supply 

business in major urban centers such as the 

Manila Electric Company, Visayan Electric, 

etc. However, electric cooperatives like 

Albay Electric Cooperative and Sulu 

Electric Cooperative supplied electricity to 

rural areas connected to the grid 

(Patalinghug, 2003). Correspondingly, 

missionary electrification was responsible 

for providing power generation and its 

associated power delivery systems in areas 

connected to the transmission system or off-

grid distribution utilities. For electric 

cooperatives that handle off-grid retail 

distribution, solar hybrid systems are a 

relatively new technology, while diesel 

generators are already established. It was 

also challenging for cooperatives to access 

funds from financiers or private sector 

partners as they perceive a lack of business 

track record and creditworthiness (Bertheau, 

2020). 

The Competitive Selection Process 

(CSP) policy was intended to streamline the 

responsibilities of the DOE, ERC, and NEA 

under the EPIRA that is adaptable and 

flexible to the needs of the distribution 

utilities to ensure efficient, timely and 

transparent procurement of power supply for 

the electricity consumers. The ERC crafted 

the policy in close coordination with NEA, 

wherein the agency issued implementing 
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guidelines for the conduct of CSP and the 

evaluation of Power Supply Agreement 

(PSA) resulting from CSP of the distribution 

utility. PSAs are contracts entered into by 

electric cooperatives and generation 

companies for the provision of electricity 

payment terms, rates, and allowable 

adjustments that the electric cooperative will 

distribute to consumers. In connection with 

the distribution utilities indicated in the 

EPIRA, they are mandated to provide power 

supply to their captive market in the least-

cost manner, with serious consideration 

to quality, affordability, sustainability, and 

reliability (DOE, 2023). 

The distribution utilities were 

assessed based on technical parameters like 

system reliability and system loss. The 

reliability of a distribution utility is defined 

by the Philippine Distribution Code (2017) 

as the probability of a system or component 

that will perform a required task or mission 

for a specified time in a specified 

environment. It is the ability of a power 

system to continuously provide service to its 

customers. The system reliability is 

determined based on the number and 

duration of power interruptions. 

Additionally, the system loss in a 

distribution system is measured as the 

difference between the electric energy 

delivered to the distribution system and the 

energy delivered to the end-users and other 

entities connected to the system. The 

calculated system loss of a distribution 

utility must be within the cap issued by 

ERC. 

The distribution utilities were the 

collectors or collecting agents of the 

payment due to generation companies, the 

transmission system operator, and taxes to 

the government. The only amount that went 

to distribution utilities is the distribution 

supply metering (DSM) charge. The DSM 

charge, included in the electricity bill, was 

retained by distribution utilities to support 

their operations, finance capital 

expenditures, and cover employee salaries. 

The bulk of payment was allocated to the 

generation charge at 61%, followed by 7% 

for the transmission charge, 18% for taxes 

and subsidies, and 14% for the distribution 

charge (ISELCO 2, 2022). 

With all the policies and agencies 

that govern the operation of distribution 

utilities in the country, the reform process 

requires a strong and independent regulatory 

body to address the challenges faced in 

achieving the ideal goals and objectives. 

Numerous factors affect the operation of 

distribution utilities in supplying the 

electricity needed by the consumers.  

Distribution utilities face the challenge of 

sustaining productivity growth in the long 

run, and deterioration in managerial 

efficiency requires careful review of 

resources to establish a balance with target 

outputs. The electricity industry across 

regions may adopt technological innovations 

and be supported with policies (Posadas and 

Cabanda, 2007). 

The political effect was highlighted 

in Escresa and Glova’s study (2024), as 

electric cooperatives deliver electricity less 

effectively in areas with weak political 

competition. The actual accomplishments of 

distribution utilities continue to lag the 

targets despite various rural electrification 

initiatives being established (Marcelo-

Galapon, 2022).  Besides political agenda 

distribution utility efficiency was also 

measured through the impact and customer 

satisfaction in the research work of Libo-on 

(2021) for Iloilo II Electric Cooperative 

Incorporated, Batica et.al. (2024) for Eastern 

Samar Electric Cooperative, and Bacatan 

(2023) of Northern Davao Electric 

Cooperative, which yields positive and 

negative ratings. 

Rodriguez et al. (2019) found that 

the power distribution utilities demand and 

energy consumption had increased 
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significantly, showing no direct correlation 

with the frequency or duration of power 

interruptions. A reliable distribution utility is 

essential, as it serves a wide range of 

customers, highlighting the need for 

continuous improvement to enhance overall 

efficiency in delivering electricity from 

substations to the users (Corook et al., 

2023). This research revealed that the new 

and valuable literature on the efficiency of 

distribution analysis in the Bicol Region 

using the input-oriented approach of the 

DEA model should enhance the knowledge 

and perspective of readers. Researchers 

Ramaiah and Jayasankar, (2022), Thakar, et 

al., (2006), Dubash and Rajan (2001), and 

Kannan and Pillai (2000) conducted studies 

on efficiency by evaluating electric utilities 

of the Indian electric sector. Likewise, a 

comparison study by Goto and Tsutsui 

(1998) was conducted on the efficiency 

between US and Japanese electric utilities. 

Moreover, Arcos-Vargas et al. (2017) 

conducted a DEA analysis of electric 

distribution in Spain, while Medeiros et al. 

(2022) evaluated the efficiency analysis for 

performance evaluation of the Brazilian 

electric distribution sector. The application 

of DEA in evaluating the efficiency of 

electric distribution utilities is notably 

observed in these studies. 

Furthermore, the researcher found 

studies on the efficiencies of distribution 

utilities in the Philippines influenced by 

government policies over a certain period. 

Bautista and Valderrama (2011) analyzed 

the efficiency of electricity distribution in 

remote areas of the Philippines from 2001 to 

2006 using Data Envelopment Analysis. 

Meanwhile, Acebedo et al. (2020) 

conducted a causal-comparative study using 

panel data to examine the technical and 

operational efficiencies of the country’s top 

five privately-owned distribution utilities. 

The latter study concentrated on assessing 

the effects of the post-EPIRA period from 

2001 to 2014. 

These previous studies determined 

the specific targeted population. This is 

known as a population gap in research when 

a population is not adequately represented or 

under-researched in the evidence base or 

prior research (Miles 2017; Robinson et al. 

2011). The study in the field of electric 

distribution efficiency served to establish the 

need for additional research in the initiative 

to contribute to the analysis of distribution 

utilities' efficiency in the Bicol Region, 

where recent scholarly works contributions 

are currently absent. 

Problem in the Field 

Government policies and initiatives 

have greatly focused on the energy transition 

and generation through renewable energy. 

The generation and energy retail sectors 

comprised the start and end of the entire 

energy supply chain. The two other sectors 

were the transmission and distribution 

sector, which were considered the backbone 

of the country’s energy grid. Given the 

structure of the power industry in the 

Philippines, NEA delivered several 

regulatory advisories to all electric 

cooperatives subject to the implementation 

of energy efficiency programs to manage 

energy consumption and secure sufficient 

energy supply at the lowest possible cost. In 

connection with this program, this study 

evaluated the efficiency of distribution 

utilities, identified the causes of 

inefficiency, and highlighted areas for 

improvement with the application of DEA. 

Furthermore, this study addressed the 

literature gap regarding the efficiency of 

distribution utilities in the Bicol Region. 

Objectives of the Study 

This study evaluated the efficiency of 

the distribution utilities in the Bicol Region; 

using the DEA approach, specifically it 

aimed: 
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1. To evaluate the status of distribution 

utilities along with NEA size 

classification; 

2. To measure efficiency and the slack 

of distribution utilities; 

3. To identify the underlying causes of 

inefficient distribution of utility; 

4. To determine corrective measures in 

addressing the underlying causes of 

inefficiency; 

5. To benchmark efficient distribution 

utilities from 2021 to 2023; and 

6. To propose an engineering 

intervention to enhance the technical 

efficiency of the distribution utilities. 

Theoretical and Conceptual Framework 

The theoretical and conceptual 

framework presented in Figure 1 illustrates 

the theories and analytical process in 

evaluating the efficiency of electric 

distribution utilities. This framework 

focused on production theory and efficiency 

measurement theory, which was a group of 

similar units known as decision-making 

units (DMUs) that transformed a set of 

inputs into outputs within technological and 

operational constraints (Charnes, Cooper, & 

Rhodes, 1978). In this study, the distribution 

utilities were defined as DMUs evaluated in 

DEA with desired inputs of peak load, 

system loss, and non-power operating costs, 

while total output energy and net operating 

revenue as output variables. 

The DEA approach differentiated 

between the Constant Returns to Scale 

(CRS) model and the Variable Returns to 

Scale (VRS) model. The CRS model 

(Charnes, Cooper, & Rhodes, 1978) 

assumed proportionality between input and 

output changes, implying that utilities 

operate at an optimal scale of production. In 

comparison to VRS (Banker, Charnes, & 

Cooper, BCC Model), the distribution 

utilities might operate under non-optimal 

conditions due to demand variability, 

financial constraints, or policy restrictions, 

allowing for scale inefficiencies to be 

captured in the analysis (Banker, Charnes, & 

Cooper, 1984; Cooper, Seiford, & Tone, 

2007). Finally, Scale Efficiency (SE) was 

derived by comparing the efficiency results 

under CRS and VRS. SE measured how 

close a DMU was to its Most Productive 

Scale Size (MPSS). The point at which 

operations were optimized, and resources 

were fully utilized. 

The Logistics Management (2025) 

stated that the efficiency of distribution 

affects profitability, competitiveness, and 

customer loyalty. By improving distribution 

efficiency, operational costs were reduced, 

and customer satisfaction was enhanced. 

The method of benchmarking to measure 

distribution efficiency with competitors or 

industry standards could be used. 

Additionally, data envelopment analysis 

applied mathematical models to calculate 

the relative efficiency of distribution units 

based on multiple inputs and outputs, 

identified best practices, and improvement 

opportunities. Medeiros et.al. (2022) 

generally described that electric utilities 

operate differently in terms of cost, quality 

of supply, market and network size, and 

other aspects that affect their efficiency. The 

input and output variables must be chosen 

such that they are accurate, relevant, and 

influence the DMUs, which could be easily 

employed by DEA simultaneously (Ramaiah 

and Jayasankar, 2022). These theories were 

related to the aims of this study, which 

emphasized the analysis of efficiency using 

numerical data simulated under the DEA 

approach. 

The DEA is a non-

parametric
 
technique used in the estimation 

of production functions and is extensively 

utilized to estimate measures of technical 

efficiency of industries (Cooper, Seiford, 

and Tone, 2007). DEA estimated the 

maximum potential output for a given set of 

inputs and had primarily been used in the 
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estimation of efficiency. It was also utilized 

to estimate capacity utilization (Färe, 

Grosskopf, and Lovell, 1994). The 

assumption of constant return to scale (CRS) 

of Charnes et.al. (1978) was appropriate 

when all the DMUs were operating at an 

optimal scale size. This means that the 

DMUs could linearly scale the inputs and 

outputs without increasing or decreasing 

efficiency. However, imperfect competition, 

government regulations, financial 

constraints, and innovation may cause the 

DMU not to operate at optimal scale (Coelli 

et.al. 2005; Banker, 1994). In that case, the 

variable return to scale (VRS) of Banker et 

al. (1984) was appropriate. 

The key constructs of a DEA model 

were the envelopment surface and the 

efficient projection path to the envelopment 

surface (Charnes et al., 1995). The 

projection path to the envelope’s surface is 

determined by whether the model is output-

oriented or input-oriented. The choice of 

input-oriented or output-oriented models 

depends on the production process 

characterizing the firm (i.e., minimize the 

use of inputs to produce a given level of 

output or maximize the level of output given 

levels of inputs). In analyzing the efficiency 

of distribution utilities in the Bicol Region, 

only the input-oriented DEA measures 

would be empirically tested. 

According to De Vellis (2017) and 

Hair et, al. (2010), researchers must define 

the variables of interest and develop a 

conceptual framework that outlines how 

variables are related to each other, 

considering the type of data and the most 

appropriate measurement methods for each 

variable. The researchers, Posadas and 

Cabana (2007), observed that the instrument 

DEA model is useful in assessing electricity 

productivity performance. Similarly, the use 

of the DEA model to analyze the efficiency 

of electric utilities was important for this 

study. This model considered accuracy, 

relevance, and availability of variables. This 

provided reliability in determining the 

efficiency of distribution utilities based on 

the variables available from the data set. The 

number of DMUs must be greater than or 

equal to twice the sum of the input and 

output variables (Golany and Roll, 1989). In 

this framework, input variables included 

peak load, system loss, and non-power costs. 

The output variables comprised total energy 

output and net operating revenue, 

representing the measurable results of 

distribution utility operations. The DMUs 

selected in this study were the 11 

distribution utilities operating in the Bicol 

Region. 

 

Figure 1. Theoretical and Conceptual 

Framework 

 

 

Methodology 

This research employed a 

descriptive-evaluative mixed-method to 

evaluate the efficiency of distribution 

utilities in the Bicol Region by utilizing data 

from the records and documents of 

distribution utility and regulating agencies. 

This study collected secondary data from the 

records of NEA on 11 distribution utilities in 

Bicol Region specifically, ALECO, 

CANORECO, CASURECO 1, CASURECO 

Load Management 
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2, CASURECO 3, CASURECO 4, 

FICELCO, MASELCO, SORECO 1, 

SORECO 2 and TISELCO annual reports 

integrated in DEA. The adequately 

represented data were evaluated using the 

input-oriented analysis of the DEA to 

measure efficiency and slack, and identify 

causes of inefficiency for each DU. The 

descriptive statistical tool mean, maximum 

and minimum were used in this study to 

summarize the collected panel data of 11 

DUs from year 2021 to 2023. This study 

requested secondary data from the Freedom 

of Information platform and then provided 

by NEA. These are documents submitted 

annually by the distribution utilities in the 

Bicol Region which includes financial 

reports and budget performance. The reports 

include the performance assessments and 

status of DU size classification according to 

NEA. The secondary data were 

quantitatively analyzed using DEA to 

measure efficiency scores, slacks in input, 

identify causes of inefficiency and 

determine corrective measures from DUs. 

Furthermore, a survey was utilized to 

collect qualitative data from efficient 

distribution utility identified in the DEA 

result to represent the respondents of this 

study. Additionally, the survey questionnaire 

used in this study was developed and 

evaluated under the supervision and 

consultation of subject matter expert in 

distribution utility.  The questionnaire 

comprised of professional profile, DU 

practices and policies, and open-ended 

questions. Respondent rate the level of 

agreement on a five-point scale, ranging 

from 1 (strongly disagree) to 5 (strongly 

agree), for the statements on practices and 

policies. Scores were evaluated and 

interpreted using frequency and weighted 

means. In this study, the survey 

questionnaire was administered to a total of 

16 respondents. Two (2) respondents each 

from eight (8) efficient distribution utilities 

identified by DEA. The key respondents are 

from ALECO, CANORECO, CASURECO 

1, CASURECO 2, CASURECO 3, 

FICELCO, MASELCO and SORECO 2. 

Prior to data collection using survey 

questionnaire, a formal letter of request was 

addressed to the office of the General 

Manager, securing authorization for the 

conduct of the research survey. Upon 

approval, the survey questionnaire was 

engaged to a total of 16 respondents from 

efficient distribution utilities to determine 

DU efficiency contextual factors. The 

expertise of the respondents with operation 

and maintenance were essential in validating 

and providing a qualitative perspective on 

efficiency determinants and corrective 

measures. 

 

Data Analysis 

This study measured the efficiency 

of distribution utilities using input-oriented 

analysis of the DEA, a powerful 

mathematical method that utilizes linear 

programming. This approach permitted 

measurement of the relative efficiency of 

organizational or decision-making units that 

consume input to produce output (Cooper et 

al.2007). Descriptive statistics summarized 

and presented the key characteristics of the 

input and output variables used in the DEA. 

The 11 DUs that served as DMUs was 

greater than or equal to twice the sum of the 

input and output variables (Golany and Roll, 

1989). In this study the input variables 

included peak load, system loss, and non-

power costs while the output variables 

comprised of total energy output and net 

operating revenue. The variables represent 

the measurable input and output of 

distribution utility operations. Measures 

such as the mean, minimum, and maximum 

were computed to provide a quantitative 

overview of the 3-year performance 

structure of the distribution utilities. 
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The input-oriented efficiency 

analysis of the DEA efficiency frontier or 

benchmark was identified. Distribution 

utilities located on the efficiency frontier 

had an efficiency score of one (1) and were 

considered benchmarks for inefficient 

distribution utilities. Operating at a lower 

level of the frontier has an efficiency score 

of less than one (1) and consequently has the 

capacity to improve future performance. 

These inefficient DMUs were further 

analyzed under the additional convexity 

constraints to diagnose the underlying 

causes of inefficiency, whether due to pure 

technical inefficiency or related to scale 

inefficiency. 

Under the CRS assumption, 

proposed by Charnes, Cooper, and Rhodes 

(1978), the DEA model assumes that output 

changes proportionally with the input. The 

CRS model’s linear programming 

formulation included a non-negativity 

constraint for the proportional weight 

variable (∑λ ≥ 0). 

The VRS assumption introduced by 

Banker, Charnes, and Cooper (1984) relaxes 

the proportionality requirement between 

input and output. It allowed for increasing or 

decreasing returns to scale, reflecting 

operational conditions in which utilities may 

not be functioning at their most productive 

scale size. The convexity constraint (∑λ = 1) 

is added to the model, ensuring that each 

DMU is only compared to a convex 

combination of other DMUs on the frontier. 

Furthermore, the returns to scale of the 

DMU can be determined by adjusting the 

convexity constraints for the proportional 

weight variable ∑λ ≥ 1 and ∑λ ≤ 1. Both the 

CRS and VRS models of DEA were used in 

this work. For a DMU under evaluation, the 

objective function is to minimize the 

proportional input while producing a certain 

level of output. Suppose there are N number 

of distribution utilities, each producing     

output using    input. The DEA determined 

the proportional reduction in inputs (   for 

each distribution utility. The mathematical 

linear programming principles to apply in 

this study under the input-oriented CRS 

envelopment model were written as: 

The objective function: 

 (            
Subject to constraints: 

∑   

 

   

      

∑   

 

   

       

      (             non-negative; 

               

 

Adding Returns to Scale convexity 

constraints: 
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where    and    are the input and output of 

the distribution utility under observation, 

lambda  (    are the weights assigned to 

peer units, which are non-negative, 

∑    
 
     is the sum product of weights and 

inputs assigned to peer units, ∑    
 
      is 

the sum product of weights and outputs to 

peer units, and theta  (   is the efficiency 
index of the distribution utility (j). 

A DMU with SE equal to 1 operates 

at MPSS, indicating that it is functioning at 

an optimal scale. On the other hand, when 

SE < 1 indicates inefficiency, the DMU is 

subject to Returns to Scale (RTS) 

conditions, either Increasing Returns to 

Scale (IRS) or Decreasing Returns to Scale 
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(DRS). In IRS, efficiency could improve 

with expansion, benefiting from economies 

of scale, while in DRS, the DMU was too 

large to operate, leading to diseconomies of 

scale where additional inputs resulted in 

diminishing output gains. Identifying the 

direction of RTS is crucial in formulating 

scale adjustment strategies for improved 

productivity (Huguenin, 2012; Coelli et al., 

2005). 

Results 
In this study, quantitative and 

qualitative results were presented to evaluate 

the efficiency of 11 distribution utilities in 

Bicol Region. The status of DUs size 

classification was determined during the 

period of 2021 to 2023. The efficiency 

scores and input slacks were measured using 

DEA from the integrated panel data 

collected from NEA. The causes of 

inefficiency and corrective measures were 

identified as suggested in the DEA and 

survey results. Lastly, an engineering 

intervention was proposed to improve the 

efficiency of DUs based on the findings of 

this study. 

Status of Distribution Utilities under NEA 

Size Classification 

Distribution utilities under NEA 

were classified according to their respective 

sizes measured by volume of average MWH 

sales (40% weight), number of connections 

(30% weight), and average kilometers of 

lines (30% of weight). Based on these 

indicators a DU can obtain a point score 

between 0 to 100 (Glova, 2021). The DU 

with overall point score of 85 to 100 is 

classified as mega large, 70 to 84 points is 

extra-large, 55 to 69 points is large, 45 to 54 

points is medium, and 44 below is small 

(NEA, Memorandum No. 2015-033, 

November 4, 2015).  The NEA size 

classification for the 11 distribution utilities 

in the Bicol Region for performance years 

2021 to 2023 showed that seven out of 

eleven distribution utilities consistently 

operate under mega-large classification and 

these are ALECO, CANORECO, 

CASURECO 2, CASURECO 3, 

MASELCO, SORECO 1, and SORECO 2. 

Whereas, CASURECO 4 and FICELCO 

were classified as extra-large. Moreover, 

two distribution utilities have been upgraded 

in the span of three (3) years. These were 

CASURECO 1 and TISELCO, whose 

classification was from extra-large to mega-

large and medium to large, respectively. 

These data generally represent the size 

classification and scale of operation of all 

the 11 distribution utilities in Bicol region. 

Efficiency and Slack Result 

This research evaluated the 

efficiency of the 11 distribution utilities in 

the Bicol Region from 2021 to 2023. The 

data were collected from NEA through the 

FOI platform. Using input-oriented DEA 

under the assumption of CRS and VRS, the 

variables utilized in this study were peak 

load measured in kilowatt-hour, total energy 

output, and system loss measured in 

megawatt-hour to establish a common unit 

of measure. Furthermore, net operating 

revenue and non-power costs were measured 

in Philippine peso (Php).  The secondary 

data for the identified variables were 

collected for the years 2021 to 2023. The 

regulating agency NEA provided the 

secondary data used in this study. The 

collected data used as input in the DEA were 

peak load, system loss and non-power cost. 

The outputs integrated in the DEA were 

total energy output and net operating 

revenue. The following variables were used 

to evaluate the efficiency and slack of the 

DUs. 

The panel data for 11 distribution 

utilities for three (3) years were summarized 

in statistical mean, minimum and maximum. 

The megalarge DU registered maximum 

values for peak load(109707kW), system 

loss(185938.594MWH), non-power cost 

(Php 334.601million), and total energy 
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output (487982.106 MWH) were recorded in 

year 2023. Similarly, a maximum net 

revenue of Php 5,655.633 million in the year 

2022 from a megalarge classified DU. The 

minimum values obtained for all the inputs 

and outputs were observed from a medium 

to large DU size classification with a peak 

load of 2787 Kilowatt, 1239.608 Megawatt-

hour of system loss, and Php 23.574 million 

of operational cost while producing a total 

energy output of 11748.303 Megawatt-hour 

and a Php 103.952 million net operating 

revenue. 

The efficiency scores of 11 

distribution utilities were evaluated using 

the DEA. Distribution utilities with a scale 

efficiency score of 1 are operating at the 

optimal scale, where outputs change 

proportionally with inputs and operating at 

the most productive scale size. DU with a 

derived score of less than 1 is operating 

below its optimal scale and inefficient. In 

Figure 2 the efficiency score results were 

presented for the year 2021 to 2023. For the 

year 2021, the efficient distribution utilities 

that exhibit constant returns to scale were 

ALECO, CANORECO, CASURECO 2, 

CASURECO 3, MASELCO, and SORECO 

2. Each DMU has a scale efficiency score of 

one (1) and was operating at optimal scale in 

comparison to CASURECO 1, CASURECO 

4, FICELCO, and SORECO 1, with 

relatively high scale efficiency scores of 

0.9757 up to 0.9921 due to minor 

inefficiency in inputs. TISELCO was found 

to be efficient under the variable returns to 

scale assumption, however, it did not 

operate at optimal efficiency under the 

constant returns to scale assumption with an 

efficiency score of 0.8799. 

 

 

 

 

 

Figure 2. Efficiency Scores of Distribution 

Utilities for year 2021                                                       

 

These were ALECO, CANORECO, 

CASURECO 2, MASELCO, AND 

SORECO 2 which measured efficiency 

scores of 1. Whereas CASURECO 3 

performing closer to the frontier was 

classified alongside CASURECO 1, 

CASURECO 4, FICELCO, and SORECO 1 

with a relatively high scale efficiency score 

ranging from 0.9441 to 0.9875. A 

descending efficiency score of 0.8307 was 

observed with TISELCO, which operated 

below the optimal scale for two consecutive 

years. 
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Figure 3. Efficiency Scores of Distribution 

Utilities for year 2022 

 

In the second window as shown in Figure 3 

of the 2022 efficiency analysis, certain 

DMUs continued to exhibit constant return 

to scale efficiency. 

In the last window of the DEA 

analysis on the efficiency of distribution 

utilities for the year 2023, there was an 

increase in the number of efficiency 

frontiers from six (6) DUs in year 2021 and 

five (5) DUs in 2022 to seven (7) DUs as 

shown in Figure 4. Improvement in non-

power cost utilization and increase in 

revenue was observed under CASURECO 1 

(+0.0125 points), and FICELCO (+0.0203 

points) that yielded to scale efficiency scores 

of 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Efficiency Scores of Distribution 

Utilities for year 2023 

These DUs were operating at optimal scale 

and represent the best performing 

benchmark joined by ALECO, 

CANORECO, CASURECO 3, MASELCO, 

AND SORECO 2, respectively. In 

comparison to CASURECO 2 and 

TISELCO which had pure technical 

efficiency VRS scores equal to 1 but 

inefficient in scale size with CRS 

assumption efficiency scores of less than 1.  
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Table 1. Slack in Percentage of Input 

Reduction 

Likewise, SORECO 1 and CASURECO 4 

did not operate at optimal scale which had 

relatively high efficiency scores of 0.9640 

and 0.9989 respectively.  

The slack results were analyzed to 

determine the cause of inefficiency of the 

DMUs. Data are presented in proportional 

percentages of the possible reduction of 

inputs. The results of possible percentage 

input reduction for each distribution utility 

to become efficient under CRS and VRS 

assumptions for three (3) years were 

presented in Table 1. The results showed the 

proportional reduction in inputs ranged from 

2.08% to 12.21% in 2021, 2.18% to 17.10% 

in 2022, and 1.22% to 8.85% in 2023.  

Likewise, the data demonstrated that there 

was a consistently lower input reduction 

percentage under the VRS assumption 

compared to its counterpart with the CRS in 

all the inefficient DMUs. This implies that 

part of each DMU's inefficiency arises from 

scale size effects rather than pure technical 

inefficiency.  This was observed in the years 

2021 and 2022, when TISELCO 

experienced the highest reduction in inputs 

at 12.21% and 17.10% under the CRS 

model. However, several results showed the 

required proportional reduction in inputs had 

declined for three (3) years for CASURECO 

1, CASURECO 3, CASURECO 4, 

FICELCO, and SORECO 1, thus implying 

improvement in the utilization of inputs. 

 

  

DMU 2021 2022 2023 

CRS VRS CRS VRS CRS VRS 

CASURECO 1 3.42% 2.64% 3.42% 2.18% - - 

CASURECO 3 - - 8.35% 4.33% - - 

CASURECO 4 3.38% 2.08% 4.97% 3.14% 2.31% 1.22% 

FICELCO 9.79% 7.88% 6.13% 3.72% - - 

SORECO 1 10.67% 8.44% - - 8.85% 5.43% 

TISELCO 12.21% - 17.10% - - - 
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Causes of DU Inefficiency 

The 11 distribution utilities were 

further analyzed under the additional 

convexity constraints of the proportional 

weight variable ∑λ ≥ 1 and ∑λ ≤ 1 to 

identify the causes of inefficiency under the 

classification of Returns to Scale (RTS). The 

first classification is the Decreasing Returns 

to Scale (DRS) also known as Non-

Increasing Returns to Scale (NIRS). The 

nature of returns to scale under DRS 

indicates the firm has to decrease its scale to 

minimize the average cost. Conversely, the 

Increasing Returns to Scale (IRS) also 

known as Non-Decreasing Returns to Scale 

(NDRS), is a nature of returns to scale that 

indicates the firm has increased its scale to 

minimize the average cost. The DEA results 

involving the additional convexity 

constraints for RTS are presented in Table 2. 

The DEA scale efficiency analysis across 

the three years reveals notable variations in 

RTS among the evaluated decision-making 

units.

Table 2. Returns to Scale Classifications for year 2021 to 2023 

 

DMU Year CRS VRS NIRS NDRS RTS 

ALECO/CANORECO/ 

CASURECO 2/CASURECO 3/  

MASELCO/SORECO 2 

2021 1 1 1 1 CRS 

CASURECO 1 2021 0.9674 0.9751 0.9674 0.9751 IRS 

CASURECO 4 2021 0.9673 0.9801 0.9673 0.9801 IRS 

FICELCO 2021 0.9062 0.9249 0.9062 0.9249 IRS 

SORECO 1 2021 0.8937 0.9159 0.8937 0.9159 IRS 

TISELCO 2021 0.8799 1 0.8799 1 IRS 

ALECO/CANORECO/ 

CASURECO 2/ MASELCO/ 

SORECO 2 

2022 1 1 1 1 CRS 

CANORECO 2022 1 1 1 1 CRS 

CASURECO 1 2022 0.9674 0.9797 0.9674 0.9797 IRS 

CASURECO 3 2022 0.9185 0.9625 0.9185 0.9625 IRS 

CASURECO 4 2022 0.9515 0.9696 0.9515 0.9696 IRS 

FICELCO 2022 0.9509 0.9665 0.9509 0.9665 IRS 

SORECO 1 2022 0.8523 0.9028 0.8523 0.9028 IRS 

TISELCO 2022 0.8307 1 0.8307 1 IRS 

ALECO/CANORECO/ 

CASURECO 1/CASURECO 3/ 

FICELCO/ MASELCO/ 

SORECO 2 

2023 1 1 1 1 CRS 

CASURECO 2 2023 0.9936 1 1 0.9936 DRS 

CASURECO 4 2023 0.977 0.988 0.977 0.988 IRS 

SORECO 1 2023 0.9117 0.9458 0.9117 0.9458 IRS 

TISELCO 2023 0.7945 1 0.7945 1 IRS 
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Most of the distribution utilities, namely 

ALECO, CANORECO, MASELCO, and 

SORECO 2, exhibit Constant Returns to 

Scale (CRS) under all the constraints for 

three (3) years, implying that the DMUs are 

operating at their most productive scale size. 

Strategically, any proportional change in 

inputs results in an equivalent change in 

outputs, indicating optimal scale efficiency. 

Compared to year 2021 more DUs operate 

under IRS during year 2022, refer to Table 

3. Likewise, several DMUs display 

increasing returns to scale across multiple 

years, specifically CASURECO 1, 

CASURECO 4, FICELCO, SORECO 1, and 

TISELCO. This condition indicates that 

these distribution utilities are operating 

below their optimal scale. Technically, an 

increase in input utilization could lead to a 

more than proportional increase in output. 

This suggests potential benefits from 

improving resource allocation, as 

complemented by the results in the slack 

input percentage of reduction. Only in 2023 

when CASURECO 2 showed and 

demonstrated decreasing returns to scale 

inefficiency. This suggests that it has 

surpassed its optimal scale size where a 

proportional increase in input results in less 

than a proportional increase in output.  This 

indicates overutilization of resources that 

might accompany excessive operational 

scale.  

Overall, the prevalence of IRS 

among inefficient DMUs indicates that the 

scale efficiency within the sample primarily 

stems from insufficiently scaled operation 

rather than excessive expansion. These 

imply that most inefficient distribution 

utilities were primarily underutilizing its 

capacity. could enhance their technical 

efficiency and overall productivity by 

scaling up operations toward the most 

productive scale size. 

Furthermore, survey data were 

collected from 16 respondents of efficient 

DMUs. This identifies key operational 

technical challenges that affect the 

efficiency of electric distribution. The 

results revealed that the primary cause of 

technical inefficiency affecting system loss 

and the reliability of distribution utilities 

was the illegal use of electricity cited by 13 

respondents. Results also showed the 

explicit effect of overloaded lines and 

substations on the efficiency of distribution 

utilities, gathering ten (10) and nine (9) 

responses respectively. This represents both 

the peak load and system loss for every 

substation that is experiencing this high 

demand. This results in higher input usage 

for a given level of output, decreasing 

overall efficiency. Furthermore, few 

responses were attributed to an unbalanced 

system (5), unreliable metering (5), poorly 

located transformer (4), and a lack of 

modern substation technology (4). Similarly, 

other factors such as calamities, hotspots, 

and partial discharge received one (1) 

response each. These efficiency barriers 

considerably contributed to declining 

operational efficiency across distribution 

utilities. 

Corrective Measures 
The practices and government 

regulatory policies plays a significant role in 

the operational efficiency of distribution 

utilities. The survey questionnaire 

determined the factors that support 

performance and reliability of DUs. The 

data reflect the respondents’ assessment of 

the technical practices and legal frameworks 

influencing the efficiency of distribution 

utilities. The results showed a high level of 

organizational compliance and 

institutionalized support, which aligns with 

DEA findings that most utilities were 

operating under variable returns to scale. 

The majority of respondents strongly 

agreed that preventive maintenance 

schedules, real-time power monitoring, 

emergency response, and corrective 
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maintenance are effective operational 

practices, with a weighted mean of 4.31 to 

4.81. In addition, a weighted mean of 4.12 

and 4.19, respectively, indicates that the 

respondents agreed that the energy audit and 

power system analysis had a potential gap in 

power data analytics and predictive 

maintenance planning.  The results from the 

first part of the survey questionnaire 

suggested a strong culture of reliability-

centered and condition-based maintenance 

that contributes to DU efficiency by 

minimizing technical losses and improving 

grid reliability. The findings from second 

part of survey revealed that respondents 

generally perceived a supportive 

government regulatory environment, 

specifically, the Anti-Pilferage Act, system 

loss caps, ERC, and NEA, where mandated 

resolutions were viewed as effective 

measures with weighted means of 4.25, 

4.56, 4.37, 4.50, and 4.69, respectively. The 

Energy Efficiency and Conservation Act 

received a strong agreement rating of 4.25, 

reflecting its recent enactment and the 

ongoing development of its implementation. 

Moreover, a strong agreement rating 

of 4.69 weighted means showed that 

government funding programs play a 

significant role in enhancing the efficiency 

and reliability of cooperatives. This signifies 

the importance of government support 

through loan grants and managerial 

assistance to the distribution utility. The 

overall agreement in the statements 

describing the technical and legal domains 

reinforces the DEA results, where most 

distribution utilities attained technical 

efficiency under VRS and showed 

improvements under CRS. The qualitative 

data showed the operational efficiency gains 

were largely attributed to effective 

maintenance, responsive management, and 

adherence to regulatory standards. However, 

minor gaps were identified in technological 

analytics, audits, energy programs, and in 

the varying perceptions of policy 

implementation. These gaps correspond to 

the inefficiencies observed in certain DMUs, 

particularly those operating under increasing 

returns to scale. 

Based on the data gathered on 

various technical upgrades aimed at 

improving operational efficiency, the top of 

the list is Smart Grid technologies with 15 

responses. This is perceived mostly by 

respondents as technological upgrades 

mitigate technical inefficiency by enhancing 

automation and operational practices. 

Findings also revealed that additional 

substation was selected by 11 respondents to 

address scale inefficiency, enabling utilities 

to handle load efficiently and reduce 

overloading in substations. Technical and 

management training also emerged with 

nine (9) responses emphasizing operational 

competency in sustaining system efficiency 

and a significant intervention in 

technological upgrade. Competent personnel 

can make data-driven decisions to interpret 

system fault feed from smart-grid 

technologies. 

Five (5) respondents selected the 

upgrade in the system voltage from 13.2kV 

to 24kV, while primary and secondary lines 

upgrades gained four (4) responses. Both 

upgrades suggest improvement in energy 

transmission by minimizing line losses and 

enhancing system stability. Similarly, 

adherence to new operational and 

maintenance standards selected by five (5) 

respondents ensures equipment reliability by 

reducing power interruptions and losses. 

Investments in the distribution transformer 

management structure, facilities, and heavy 

equipment each received two (2) responses 

and were perceived to contribute minimal 

efficiency gains to distribution utility 

operations. 

Benchmark Efficient DU from 2021 to 

2023 
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Considering overall technical 

efficiency scores of DMUs, minor 

inefficiencies and changes were reflected in 

the results. In the span of three (3) years, 

CASURECO 1, CASURECO 3, and 

FICELCO efficiency scores had 

significantly improved, making it a part of 

the frontier in 2023 through optimization in 

its inputs and outputs. Also, a minimal year-

on-year increase was observed in 

CASURECO 4 efficiency scores. Overall, 

the consistent efficient distribution utilities 

operating at their most productive scale size 

over the span of three years were ALECO, 

CANORECO, MASELCO, and SORECO 2. 

These 4 efficiency frontiers DUs served as a 

benchmark in the Bicol Region for its peer 

DMUs from 2021 to 2023. Furthermore, the 

stability of scale efficiency among the 

efficient benchmark DMUs across time 

reflects consistent scale management and 

adaptability to input and output variations. 

Refer to Figures 2, 3 and 4 for the 3-year 

efficiency performance of DUs. 

Proposed Engineering Intervention 

The prominence of Smart Grid 

adoption and additional substation 

demonstrated that respondents from DU 

were prioritizing both technological and 

capacity-oriented solutions to efficiency 

challenges as shown in the results of survey. 

These strategies collectively improve the 

networks’ ability to deliver stable, reliable 

power while minimizing system 

inefficiencies. Additionally, as mentioned by 

Aguero (2012), the utilization of advanced 

metering infrastructures, metering and fraud 

deterrence and detection technologies such 

as data collection, inspection, and 

monitoring programs provide efficiency 

improvement to power distribution systems. 

Therefore, an integrated engineering 

intervention combining digital upgrades, 

equipment modernization, and human 

resource capacity building contribute the 

highest improvement in the efficiency of the 

DU thus a proposal was created based on the 

findings of this study. The proposed 

engineering intervention was an innovative 

grid technology that features automation of 

recordings, monitoring and analyzes power 

data and events. This intervention was 

utilized in several power generations and 

transmissions. An innovation that was 

offered globally and available in different 

technology sectors. This study proposed 

engineering intervention on metering and 

network disturbance monitoring in DUs and 

the implementation schedule on March 2026 

to February 2027. The minimum required 

specifications of the equipment are listed in 

Table 3. While the total estimated cost of the 

proposed project per location was Php 

430,000 only depending on the brand and 

specification of the equipment.  

Table 3. Equipment Specification  

Input 40 to 60 per unit 

Field Contacts Contacts a and b, 

wet and dry 

contacts 

Field Contact 

Voltage 

24 to 120 VDC 

Storage 1millisecond time 

stamp resolution 

with 60000 event 

storage or 1TB 

drive 

External Power 

Supply 

AC/DC Auto 

Voltage 

Input response 1millisecond to 60 

seconds 

Alarms With alarm legends 

and LED Indicator 

Outputs Configurable 

Alarm Contacts 

Communication IEC 60870, 
Modbus, DNP3, 

Ethernet Cat 6 

Mounting Mechanical Surface 

Mounting 

The distribution system often 

experiences intermittently fast up to 
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milliseconds of voltage fluctuations, power 

interruptions, faults and other electrical 

disturbances that affect service quality and 

efficiency. This type of technology 

monitoring device detects and record these 

events. To improve data analysis of power 

quality and reliability, the installation of 

real-time metering and network disturbance 

monitoring is proposed in major substations 

identified by DEA results. These devices 

will help record, analyze, and report power 

parameters and events automatically through 

real time monitoring and recording of power 

quality and disturbances such as voltages 

sags, swells, and transients. This can 

improve analysis of power quality, energy 

management and reliability of the 

distribution system. The main objective is to 

provide accurate data for analytics and 

system planning in compliance with power 

quality standards set by regulatory agencies. 

 

Discussion 

This study aimed to evaluate the 

efficiency of distribution utilities in the 

Bicol region. The NEA size classification 

for 11 distribution utilities in the Bicol 

Region improves for performance year 2021 

to 2023. Nine distribution utilities 

consistently operate under the same size 

classification and two distribution utilities 

have upgraded its scale of operation. Using 

input-oriented DEA approach the inputs 

utilized were peak load, system loss, and 

non-power cost, while outputs were total 

energy output and net operating revenue. 

The results of this study revealed several 

important insights into the technical 

efficiency of eleven electric distribution 

utilities in the region. This discussion would 

explore the implications of the findings in 

relation to efficiency scores, input slack, 

causes of inefficiency, and corrective 

measures among DMUs. The DEA results 

showed that out of 11 distribution utilities 

evaluated, only four were found to be 

consistent benchmarks with a scale 

efficiency score of 1. These distribution 

utilities served as the efficiency frontiers or 

benchmarks for the remaining seven 

distribution utilities, whose efficiency scores 

range from 0.7945 to 0.9936. 

Under the variable returns to scale 

model, six utilities were identified as 

operating under increasing returns to scale, 

indicating that they could enhance efficiency 

by improving resource allocation. This 

implies that inefficiency is primarily 

attributed to both technical and scale size 

rather than purely technical factors. In the 

third year of observation, three of these 

inefficient utilities have transitioned to 

constant returns to scale, showing 

improvement towards the most productive 

scale size. Meanwhile, one distribution 

utility showed decreasing returns to scale, 

suggesting overcapacity or resource 

mismanagement. The major findings of 

DEA benchmark the efficient distribution 

utilities from 2021 to 2023 where ALECO, 

CANORECO, MASELCO, and SORECO 2 

appeared consistently as efficiency frontiers.  

The findings emphasize the importance of 

scale efficiency as a key factor influencing 

the performance of electric distribution 

utilities, and highlight the beneficial effects 

of ongoing operational and managerial 

adjustments in enhancing overall efficiency. 

Additionally, managerial and policy-related 

constraints could influence efficiency in 

distribution utilities, as evidenced in survey 

results. Limited access to government 

funding for infrastructure modernization and 

technological innovations might hinder their 

ability to operate at constant returns to scale. 

In contrast, distribution utilities that 

effectively utilize government funding and 

implement energy efficiency programs have 

shown superior capabilities in resource 

allocation and scale adjustment. 
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Lastly, technological adoption was 

evident as a pivotal explanatory variable. 

The integration of advanced technologies 

such as smart grid systems, reliable 

metering, and modern substation equipment 

tends to shift from increasing returns to 

scale to optimal efficiency over time. This 

transition indicated a progression toward 

optimal input utilization and scale 

efficiency. The adaptability of infrastructure 

adequacy, operational standards, policy 

compliance, and technological adoption 

influenced the efficiency frontier and 

explained the differences across distribution 

utilities. 

Conclusions 
This study aimed to benchmark the 

efficiency of distribution utilities in the 

Bicol Region by employing DEA. The 

following conclusions were drawn from the 

DEA results of the 11 distribution utilities 

evaluated from the year 2021 to 2023. The 

ECs size classification of NEA improved 

from years 2021 to 2023. DEA results 

suggests that most distribution utility nature 

of scale operation tends to experience 

increasing returns to scale. Inefficient DU 

required a proportional reduction in input to 

improve efficiency. Thus, inefficiency 

primarily arose from excessive resource use 

and underproduction of desired outputs. This 

set of DMUs indicates a pattern that most 

distribution utilities are operating below 

their most productive scale size. Based on 

DEA results, efficiency frontiers were 

dynamic each year. For the periods 2021 to 

2023, ALECO, CANORECO, MASELCO, 

and SORECO 2 exhibited a consistent 

efficiency frontier that served as 

benchmarks for peer distribution utilities. 

Reflecting on the operation and managerial 

approach of efficient frontiers could be a 

viable strategy to move toward the optimal 

scale. Distribution utilities must benchmark 

operational cost against efficient peers and 

improving infrastructure to reduce losses is a 

critical pathway to become efficient frontier. 

Finally, the study concluded that scale 

efficiency and operational optimization are 

central determinants of performance among 

distribution utilities. Enhancing capacity 

scaling and addressing inefficiency through 

the adaptation of Smart Grid technology can 

collectively improve system efficiency, 

reliability, and service quality. The 

integration of DEA analysis with qualitative 

diagnostics provided a comprehensive 

framework for both performance 

benchmarking and policy intervention aimed 

at achieving sustainable operational 

efficiency in the electric distribution sector. 

Recommendation 
Through interventions focused on 

substation modernization, additional system 

capacity, voltage upgrading, personnel 

competency training, and system loss 

control, the efficiency of distribution utilities 

can be significantly improved. These 

measures were aligned with the DEA 

findings and support long-term 

sustainability, system reliability, and 

compliance with the mandates of DOE, 

ERC, and NEA regulatory standards. The 

DEA has demonstrated its effectiveness as a 

comprehensive tool for evaluating efficiency 

and identifying performance gaps in electric 

distribution utilities. Therefore, it is 

recommended that the DEA be adopted in 

future assessments of DU managers to 

continuously or periodically monitor 

technical parameters, performance trends, 

support decision-making, and manage 

strategic interventions aimed at improving 

operational efficiency, reliability, and 

sustainability of the distribution utility. 

Sustained application of DEA would 

contribute to the advancement of 

performance benchmarking practices and 

policy development in the electric 

distribution sector. 
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