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1. Introduction 
The United Nations and the international community have agreed in 2016 on 17 different Sustainable 

Development Goals (SDGs) to improve living conditions worldwide. Among them the SDG7 aims to 

ensure access to affordable, reliable, sustainable and modern energy for all (Gupta and Vegelin, 2016). 

Achieving this goal and its multiple dimensions is a challenge for both developed as well as 

developing countries. Especially for countries with growing electricity demands alongside electricity 

access deficits, it becomes very difficult to increase the relative share of renewable energy (RE) in 

their supply mix at the same time as providing more citizens with access to electricity. For islands and 

island states, an additional dimension can complement the SDG7: the resilience of energy systems 

(Ioannidis and Chalvatzis, 2017). For those regions, resilient energy supply systems are of utmost 

importance as they are more frequently affected by climate change and weather extrema (Michalena 

and Hills, 2018). Thus, the requirements on resilience of electricity supply systems for islands are 

specifically high and summarized in the adapted SDG7 (in the following referred to as SDG7+) 

description: Provision of affordable, reliable, sustainable and modern energy for all by resilient 

systems. To achieve SDG7+ renewable and decentralized energy technologies provide feasible 

solutions. Renewables can form hybrid energy systems in combination with battery storage systems 

and / or diesel power plants (Neves et al., 2014). Such hybrid systems are often the most economical 

and therefore affordable supply option for islands (Kuang et al., 2016). The reliability is also high due 

to the use of a diverse technology mix and the use of local natural resources. Sustainability increases 

with higher shares of renewables in the hybrid system (Erdinc et al., 2015). Modern energy is reflected 

in the provision of 24/7 power and the resilience is ensured by decentral power supply with an 

optimized use of local resources reducing dependency from diesel supply and central generation and 

transmission infrastructure. 

However, the global power supply for island systems is mainly dominated by diesel only systems 

which do not meet the criteria for SDG7+ (Blechinger et al., 2016). Those diesel power plants are 

often unreliable due to maintenance issues or fuel shortages. In addition, power generation costs are 

high due to high fuel costs. Finite fossil fuels are combusted in such diesel plants and the supply is 

often restricted to a few hours of the day leading to a not sustainable operation. Finally, the resilience 

of diesel power plants is low due to the dependence on fuel as fuel transport chains are especially 

vulnerable to extreme weather events (Michalena and Hills, 2018). In conclusion, hybridization of 

such diesel systems should lead to an accelerated achievement of the SDG7+. For our study, we 

analyzed the vast islands landscape of the Philippines and their power infrastructure to identify techno-

economic transition pathways towards SDG7+. The Philippines with its more than 7,100 islands are a 

suitable example to illustrate a sustainable transition of electricity supply on islands (Boquet, 2017). 

Currently, more than 130 diesel power plants are in operation on smaller islands powering 



 
 

 

independent grids – referred to as small isolated island grids (SIIGs). To understand most efficient 

transition strategies, we develop the following scenarios reflecting different electricity demands, which 

are complemented by sensitivity analyses: 

 Scenario 0 - Status quo:  Current demand 

 Scenario 1 – 24/7 supply:  Extension to 24 hours supply for all SIIGs 

 Scenario 2 – load growth:  Addition of 10 years load growth to scenario 1 

 Sensitivity analyses:  Diesel fuel prices, WACC, battery cost, PV cost,  

For all scenarios, we simulate and optimize the power supply for diesel-only and hybrid systems to 

understand cost structures and further key output parameters. The applied methodology is an island 

energy system simulation tool developed in Python version 3.6 (Rossum, 1995). In the following, we 

present the scientific and practical background of this paper, the applied methodology and input 

parameters, the results of the simulations, optimizations, and sensitivity analyses as well as discussion 

and conclusion. 

2. Background 
The Philippines are quickly evolving from a developing country into an emerging economy. Over the 

last decade the GDP has increased by 5.4 % per year on an average basis (Mondal et al., 2018). This 

implies a steep growth in energy demand. Between 2000 and 2013 the energy demand for entire 

Southeast Asia has risen by 50 % and is projected to triple by 2050 (IEA, 2017). However, the rapid 

economic growth is mainly limited to few highly urbanized regions while many remote islands of the 

Philippines lag far behind in terms of living standards, human development and economic 

opportunities (Pernia and Lazatin, 2016). Additionally, the country faces major challenges such as 

climate change, globalization, inequality and rapid urbanization (Parel, 2014; Leon and Pittock, 2016). 

Climate vulnerability is considered as one of the main threats for the Philippines as it is ranked among 

the world’s five most affected countries to extreme weather events and natural hazards (Viña et al., 

2018). Therefore developing a low-carbon and highly resilient energy infrastructure is of high 

importance for the further development of the country (Delina and Janetos, 2018). The Intended 

Nationally Determined Contributions (INDCs) of the Government of the Philippines (GoP) 

communicated to the United Nations Framework on Climate Change Convention (UNFCCC) in 2015 

explain the country’s motivation to fight global warming and to create resilient and sustainable energy 

supply systems to lower the vulnerability to the impacts of climate change and natural hazards. 

Additionally they state the commitment of the country to do so under the prerequisite of economic 

growth and poverty reduction (RoP, 2015). In conclusion, the Philippines have strongly committed 

themselves to support the achievement of the previously defined SDG7+.  

Compared to other countries special challenges lay in the Philippines’ geography: Due to the 

archipelagic character of the country, the electric power system consists of two major central grids. 

One interconnected grid covers the main island groups of Luzon and Visayas and one covers the island 

group of Mindanao (IRENA, 2017a). Besides that, several smaller grids and power plants are operated 

on the scattered islands to supply electricity in remote regions. Recent studies have focused mainly on 

the clean energy development in the two major electric power systems mentioned above (Mondal et 

al., 2018; Viña et al., 2018). Additionally the strategy for an central energy transition to 100 % RE by 

2050 was presented for the entire country in the framework of a study on South-East Asia (Breyer et 



 
 

 

al., 2017). Overall, a lack of studies and knowledge regarding the energy transition and electrification 

of the smaller Philippine islands is notable. 

For the GoP it is important to develop clean energy systems in all parts of the country. Especially as 

developing clean energy technologies in the smaller grids is not only contributing to emission 

reduction but as well to improving living conditions through improved reliability, affordability and 

resilience as stated in the definition of SDG7+. Access to electricity is a key prerequisite for enabling 

economic and social development. Furthermore, energy access increases resilience to climate change 

(Perera et al., 2015). The impact of electricity access for development is confirmed by several 

scientific and practical case studies that have revealed significant positive impacts for example on 

household income, expenditure, health care, information access and educational outcomes 

(Gustavsson, 2007; Yadoo and Cruickshank, 2010; Bhattacharyya, 2013). 

Recognizing these positive impacts, 100 % electrification of all households by 2022 was set as target 

within the Philippine Energy Plan (PEP). Despite of many projects and initiatives ongoing to improve 

electricity access the share of electrification was only 89.6 % of households in 2016, leaving 2.36 

million households without electricity supply (IRENA, 2017b). Challenges to meet the electrification 

target are the population growth and remoteness of islands and villages. Additionally, electricity 

supply is often not provided for 24 hours. Thus, an additional share of the population suffers from 

interrupted electricity supply and short service hours. Most locations that are insufficiently electrified 

are isolated villages and small islands. Since it is mostly not technically or economically feasible to 

connect these areas to the main grid systems, the GoP provides a considerable amount of subsidies to 

install and operate off-grid diesel-powered generation facilities in these areas through the National 

Power Corporation - Small Power Utilities Group (NPC-SPUG) (Roxas and Santiago, 2016). 

Operating scattered diesel energy systems comes with high costs for diesel fuel, transportation and 

maintenance which results in high power generation costs. Further, many diesel generators show low 

efficiencies leading to even higher generation costs. Additionally diesel power plants harm the local 

environment by noise and exhaust gas emissions. In order to reduce costs and emissions, the service 

hours in diesel-based energy systems are often limited to a certain period of the day. For our research 

sample, in 22 % of the SIIGs electricity is available for almost 24 hours, in 23 % electricity is 

provided for 18-19 hours per day and in the remaining 45 % of SIIGs electricity is only provided for 

8-9 hours per day. 

As diesel power generation is expensive, it needs to be cross-subsidized by the GoP to keep the tariffs 

affordable for the local consumers. This is implemented through the universal charge for missionary 

electrification (UCME). The UCME covers the gap between true cost of generation rate (TCGR) (0.19 

– 0.57 USD/kWh) and the subsidized approved generation rate (SAGR). The SAGR is the approved 

tariff which can be charged to the customers by the Electric Cooperatives, the local distribution grid 

operator,  and which is set individually for each supply region (0.07 – 0.11 USD/kWh). The UCME is 

derived from a surcharge per kWh consumed from all paying consumers in the main grid systems 

(Luzon & Visayas, Mindanao). With the intended expansion of electricity access and increased service 

hours through diesel powered energy systems the UCME is likely to further increase and put 

additional burden on the national electricity tariff (DoE, 2016a). 

One pathway for achieving SDG7+ on small islands is the implementation of RE systems. Such 

hybridization should be fostered taken into account the following: The motivation for a low carbon 

energy transition underlined by the countries INDC commitment, the abundance of renewable 



 
 

 

resources compared to high costs for diesel fuel, the risk of steep UCME subsidy increase and the 

dependency on fuel imports. 

A feasible option for decarbonizing diesel based energy systems is the hybridization with renewable 

energies such as solar PV, wind power or hydro power combined with energy storage technologies 

(Cader et al., 2016). Solar PV systems have been acknowledged as suitable alternative energy supply 

source for the Philippines enhancing local growth (Pernia and Generoso, 2015). The decreasing costs 

for energy storage technologies, such as lithium-ion batteries (Kittner et al., 2017; Schmidt et al., 

2017), and for solar PV (Ilas et al., 2018), as well as the prohibitive high costs for submarine power 

cable extension to islands (Schell et al., 2017) increase the attractiveness of decentralized hybrid 

systems. 

The global academic community has extensively investigated such integration of clean energy systems 

on islands. The highest potential for hybridization on smaller islands was identified in the Pacific 

region mainly in the Philippines and Indonesia (Blechinger et al., 2016). In another research work, a 

high potential for renewable energy was detected in this region by using cluster analysis (Meschede et 

al., 2016). The technical feasibility of hybrid systems was demonstrated taking into account the natural 

conditions of the region (Lau et al., 2010; Hazelton, 2017). Other researchers already explored the 

options for 100 % renewable energy supply in island states like Mauritius (Khoodaruth et al., 2017). 

Operation and management strategies for islanded micro grids were also extensively studied (Silvestre 

et al., 2016; Abedini and Abedini, 2017). For the Philippines, the feasibility of renewable energies for 

rural electrification and the supply of remote islands were discussed as early as in 1992 (Heruela, 

1992). More specifically the retrofitting options for diesel based energy systems were studied in the 

late 90s (Barley et al., 1999). More recently, the feasibility of hybridization projects was studied in 

specific islands or locations of the Philippines e.g. Pangan-an island (Hong and Abe, 2012). 

The aforementioned studies represent a good overview on technical feasibility for hybridization on the 

Philippines. In addition, the economic benefits have been studied for selected pilots. Nevertheless, the 

big picture is missing, such that there remains a gap in understanding the total hybridization potential 

on remote islands of the Philippines and the impact of the expected supply extension towards 24 hours 

and of the expected demand growth. Thus, we target this research gap to provide a comprehensive 

overview on the costs and opportunities to achieve SDG7+ on Philippine island systems. 

3. Material and Methods 

3.1. Philippine small island landscape 

For this analysis, 132 SIIGs supplied by diesel power plants in the Philippines were studied (Figure 1). 

In each SIIG the customers are supplied through a local isolated distribution grid. Key data was 

retrieved from the Philippe Department of Energy (DOE) and NPC-SPUG (DoE, 2016a; NPC-SPUG, 

2017). These data include mainly location, grid name, region, operator, distributor, power plant 

capacities, fuel prices, efficiency rate and load demand for each SIIG. The dataset is comprised by the 

majority of SIIGs and diesel based energy systems in the Philippines, however the authors do not 

claim full coverage of the entire decentralized diesel power plant portfolio of the Philippines. All 

identified SIIGs are illustrated in Figure 1. 



 
 

 

 

Figure 1: Overview map of the Philippines showing the considered SIIGs. 



 
 

 

 

The following table provides key information on the considered SIIGs divided into the three main 

regions of Luzon, Visayas and Mindanao. Values are given as sum (sum) or average (avg.) for the 

considered SIIGs (Table 1). 

Table 1: Key information of identified small isolated island grids per region. 

 No. of 

grids 

No. 

power 

plants 

Operating 

hours 

Rated 

capacity 

Diesel 

fuel price 

Peak 

demand 

Demand 

Region [#] [#] [hours] [MW] [USD/liter] [MW] [GWh/a] 

 sum sum avg. sum avg. sum sum 

Luzon 67 99 16.5 356.2 0.55 190.7 1022.6 

Visayas 46 48 12.8 26.6 0.51 13.1 59.7 

Mindanao 19 22 16.2 67.1 0.63 29.8 177.5 

National 132 169 15.2 449.9 0.56 233.6 1259.8 

 

The major share of existing diesel power plants (99) and capacity (>355 MW) is installed in Luzon 

region. Here the largest installed capacities are located on the main island of the Palawan, Mindoro 

and Masbate island group. For the regions of Visayas and Mindanao the total installed power 

capacities are much smaller with 27 MW and 67 MW respectively. For most of the electricity supply 

in these two regions, the distribution grid is supplied by one diesel power plant only whereas in some 

of the larger grids in Luzon several plants operate in parallel. Average operating hours per SIIG are 

around 16 hours in the grids of Luzon and Mindanao contrasted to the grids of the Visayas region 

where especially smaller grids have shorter service hours leading to an average service hour duration 

of only around 12 hours. Diesel fuel prices are on average 0.56 USD/liter, with higher prices in 

Mindanao of 0.63 USD/liter reflecting the additional transport and handling costs due to the larger 

distances to the fuel import hubs. The combined peak demand of 190 MW and annual electricity 

demand of 1,022 GWh in Luzon is the highest for the three regions reflecting the larger size and 

number of grids and longer average operating hours. All energy systems in Mindanao sum up to a 

peak demand of 30 MW and 177.5 GWh followed by the energy systems of Visayas with 13 MW and 

60 GWh. 

Looking at the specific SIIGs, the range of LCOE, fuel consumption, and fuel costs is mainly 

influenced by the very different specific demand, fuel efficiency, and fuel price values. The 38 

smallest systems have demand values from 10 to 100 MWh/a; 44 systems have demand values from 

100 to 1,000 MWh/a; 32 systems have demand values from 1,000 to 10,000 MWh/a; 15 systems have 

demand values from 10,000 to 100,000 MWh/a; and even three systems supply more than 100,000 

MWh/a. The three largest systems cover almost 50 % of the total demand of all identified SIIGs. The 

higher the demand values, the higher the total diesel fuel costs per system per year. Diesel efficiency 

and local fuel prices further influence these costs. Comparing the collected data with regard to diesel 

prices (USD/liter) and peak demand (MW) reveals that SIIGs with higher demands have often lower 

specific diesel prices. Correspondingly, diesel fuel efficiencies are better in SIIGs with higher peak 

demands. It becomes obvious that diesel power generation in some of the smaller SIIGs must be very 

expensive due to high diesel prices and / or low fuel conversion efficiency (Figure 2). 



 
 

 

 

Figure 2: Peak demand (kW) values illustrated along specific efficiencies (liter/kWh) and diesel fuel prices (USD/liter) 

for all considered SIIGs. 

3.2. Energy system model 

For assessing the techno-economic optimized hybridization potential for each SIIG, an energy system 

simulation and optimization tool was developed and applied. This tool is able to optimize the system 

design according to the least cost option in terms of levelized cost of electricity (LCOE). The energy 

system simulation tool was implemented in the programming language Python (version applied: 3.6) 

(Rossum, 1995) and validated with HOMER Energy (Lilienthal et al., 2004). Furthermore, previous 

versions of the tool were already applied in other scientific research studies, e.g. ((Blechinger et al., 

2016; Ocon and Bertheau, 2018). 

The tool simulates an island energy system in hourly increments for one reference year considering 

fossil and renewable resources and technical, economic and load data. The considered components are 

diesel generator, solar photovoltaics (PV), and battery storage serving one electricity demand / load 

node. Energy flows are simulated along a dispatch strategy, which is illustrated in Figure 3. 
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Figure 3: Dispatch strategy of the applied simulation tool. 

At each hour for the entire reference year, the energy system model applies the dispatch strategy of 

maximizing the utilization of solar photovoltaic energy generation (solar PV). 

First, the model tests if the load of the island can be supplied entirely by solar PV. If positive, it then 

verifies if the stability requirement (rotating mass), which is set at 40 % of the specific hourly demand, 

is met. With the system always providing at least 40 % of the hourly energy demand as reserve from 

the battery storage or diesel generator, a stable frequency and voltage can be assumed. This constraint 

is taken from typical control strategies of hybrid control systems (Yang et al., 2018). If excess energy 

is available due to high solar PV and / or by running the diesel generator for stability reasons, the 

battery is charged. 

If the solar PV generation is insufficient to supply the load, the system discharges the battery 

depending on the available energy stored in the battery. Once the battery is discharged to its minimum 

state-of-charge (SOC), the diesel generator is operated. In any case, the battery or the diesel generator 

must fulfil the stability criterion for each time step. 

By varying the sizes of the components in an iterative process, the optimization algorithm minimizes 

the LCOE under the constraint to meet the demand and stability criterion of every simulated hour of 

the reference year. Since the diesel capacities are always set to match the SIIGs peak demand, the sizes 



 
 

 

of PV and battery storage systems are chosen as variable parameters for the optimization. (Tao and 

Finenko, 2016). The optimization is set to 0.1 % accuracy (deviation from global optimum) to increase 

the calculation speed. Thus, slightly different system configurations might be suggested for similar 

minimum LCOE values. LCOE are defined as costs per kWh taking into account the annualized initial 

costs, operational costs per year and fuel costs per year (Equation 1 and Equation 2). Finally, the 

simulation reveals the techno-optimized hybrid system configuration for each SIIG based on the local 

specific resource and load data and the technical and economic assumptions for each component. 

These simulations are run automated for all SIIGs. This allows a comprehensive study of all SIIGs not 

limited to specific case studies only. 

𝐿𝐶𝑂𝐸 =  
𝐼𝐶∗𝐶𝑅𝐹(𝑊𝐴𝐶𝐶,𝑁)+𝑂𝑝𝑒𝑥+𝐶𝑜𝑠𝑡𝑠𝑓𝑢𝑒𝑙∗𝐹𝑢𝑒𝑙

𝐸𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑
  (1) 

Equation 1: Equation for levelized cost of electricity for power systems.  

In Equation 1, LCOE stands for levelized cost of electricity. Furthermore, IC stands for Initial costs, 

CRF stands for capital recovery factor, WACC stands for weighted average cost of capital, N stands for 

project lifetime, Opex stands for operational expenditures per year, Costsfuel stands for cost of diesel 

per liter, Fuel stands for consumed diesel per year and Econsumed stands for consumed electricity per 

year. 

𝐶𝑅𝐹(𝑊𝐴𝐶𝐶, 𝑁) =  
𝑊𝐴𝐶𝐶∗(1+𝑊𝐴𝐶𝐶)𝑁

(1+𝑊𝐴𝐶𝐶)𝑁−1
  (2) 

Equation 2: Capital recovery factor (CRF).  

In Equation 2, CRF per technology is calculated according to weighted average cost of capital 

(WACC) and project lifetime (N). 

The techno-economic renewable potential is defined by the calculated optimized capacities of PV 

power and battery storage capacity for each SIIG independently. The economic viability is defined by 

the LCOE reduction of hybrid systems compared to the diesel only systems. For each SIIG, resource 

and load data are determined by individual data collection as described in the following sections. 

3.3. Load data 

The electricity demand (load) is one of the most decisive input parameters when assessing the 

hybridization potential for an energy system. Not only the total daily electricity consumption is 

important but also at what time of the day this electricity is consumed. This is especially sensitive for 

the economic feasibility of solar PV as it is an intermittent resource available during sunshine hours 

only. Thus, special emphasize was put on the collection of accurate and up to date load data in hourly 

increments for one year. 

In our study we applied three different scenarios with different load data: In scenario 0 – “status quo” 

the current load demand is considered; in scenario 1 – “24/7 supply” the supply service to 24 hours for 

all customers is extended and calculated; and in scenario 2 – “load growth” an increase in energy 

demand over a ten years period is assumed. Each scenario builds up on the applied load demand and 

profile of the previous scenario.  

 Scenario 0 - Status quo: Current demand 



 
 

 

Scenario 0 assesses the hybridization potential under the current electricity demand. Electricity 

demand patterns on an hourly basis were mainly collected from the distribution development plans 

(DDP) of the local electric cooperatives (EC) provided by the Department of Energy (DoE)(DoE, 

2016a). It was possible to collect the real load data for the entire year of 2016 or a specific period for 

2017 for 126 out of 132 considered SIIGs. Besides hourly demand data on annual scale, daily load 

profiles were collected and applied. 

For the case that annual load profiles in hourly time steps were available (N=29) they were directly 

incorporated into the energy system model. If a daily load profile in hourly time steps was available 

(N=97), this daily load profile was replicated (x 365) in order to simulate an annual load profile. 

Subsequently seasonal demand patterns for the three considered regions were incorporated to adapt the 

monthly consumption values. Thereby, the available annual load data for Luzon (N=10), Visayas 

(N=3) and Mindanao (N=6) were analyzed and an average monthly load factor was retrieved. Figure 4 

shows the applied seasonality for the three key regions of Luzon, Visayas and Mindanao. Whereas the 

patterns are similar for Luzon and Visayas with lowest monthly demands in January/February and 

peak monthly demand in May. The pattern for Mindanao is different with a steady increase over the 

year and demand peak in December. Overall, the seasonal load variation can be considered as small 

compared to other non-tropical regions (Blechinger et al., 2016). 

 

Figure 4: Variation in monthly demand for the three considered regions. 

A load profile from a SIIG with a power plant capacity in a similar range was assigned to the 

remaining SIIGs (N=6) without any existing load information. For each grid, the peak demand was 

scaled to the dependable power plant capacity, which is available for each of the SIIGs. 

 Scenario 1 – 24/7 supply: Extension to 24 hours supply for all SIIGs 

For the second scenario, the aim is to study the hybridization potential and overall costs assuming that 

all SIIGs in the Philippines provide full 24 hours electricity supply. This reflects one of the major aims 

of the GoP to achieve a 100 % electrification rate by 2022 and goes along with achieving SDG7+ 

(DoE, 2016b). 
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In our analysis, the load profiles collected for scenario 0 were applied as baseline profiles to simulate 

24 hour supply. For those SIIGs without 24 hour supply the demand gaps were filled with an expected 

demand. Initially it was necessary to assign a “typical” 24 hour load profile for the respective SIIGs 

scaled according to the daily peak demand. Thus, the data set was split in three classes according to 

the peak demand: lower than 100 kW, between 100 kW and 1,000 kW, and higher than 1,000 kW. For 

each of the respective demand class a typical load profiles were retrieved by averaging existing load 

profiles. Figure 5 shows the retrieved typical demand profiles for peak demand <100 kW, <1,000 kW 

and >1,000 kW. 

 

Figure 5: Average daily load profiles for the three considered demand classes. 

All load profiles have their peak demand in the evening hours. From the smaller to larger class profile 

the ratio of peak vs. average demand decreases. This fits to the overall observation in the Philippines 

with smaller grids mainly catering residential loads whereas larger grids have a higher base load 

serving commercial activities during the day. 

For incorporating, the 24 hours demand data each grid was categorized according to its peak demand. 

For each category, the generic load profile was applied for each hour of the year based on the criteria 

listed in Table 2. 

Table 2: Applied approach for simulating 24 hour load profiles 

Criteria Action 

If demand > 0 The initial value remained 

If demand = 0 

 

Load factor from typical class load profile multiplied 

with the peak demand within the next 48 hours from 

the considered hour. 

In case of periods were no peak demand was given 

for a period longer than 48 hours the average annual 

demand was applied as multiplying factor 

 

By applying these rules, we were able to create 24 hour supply profiles for all identified 132 SIIGs 

with realistic hourly values.  
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 Scenario 2 – Load growth: Addition of 10 years load growth to scenario 1 

For the last scenario, the expected load growth over a period of 10 years was incorporated in order to 

consider the development of sustainable energy grids that are capable of supplying future demands. 

From the collected data provided by the DDP, load growth projections were available for 17 SIIGs. 

Thus, load growth projections available for these 17 SIIGs were analyzed. The load growth factor for 

the year 2027 with regard to 2017 was retrieved in order to reflect a 10 years projection basis. Finally, 

the load growth factors for each of the three considered regions were retrieved by averaging the load 

growth factors for Luzon (N= 10), Visayas (N=3) and Mindanao (N=4). The load growth factors 

retrieved are 2.08 (Luzon), 1.82 (Visayas) and 2.05 (Mindanao). In order to derive the annual load 

profiles reflecting load growth for each SIIG, each hourly value considered for scenario 1 was 

multiplied by the load growth factor reflecting its region. 

3.4. Renewable resources 

Based on the requirements of the energy system model, detailed renewable resource studies were 

performed to derive local production profiles for PV plants of each of the considered SIIGs. Values for 

global horizontal irradiation (GHI) were obtained from global datasets in order to assess the specific 

potential for PV power generation. These datasets are provided by NASA and cover a time period 

from 1984 to 2005 (Stackhouse et al., 2016). The German Aerospace Center (DLR) further processed 

the data and derived hourly GHI data by applying a clear sky index approach, taking into account 

hourly clear sky irradiance data. Results provide GHI time-series in a spatial resolution of areas of 0.5° 

by 0.5°. For the simulations, the resource area hit by the centroid of the related SIIG was chosen as 

local solar resource. The conversion from GHI into PV power generation was based on a model of 

(Huld et al., 2008) considering crystalline silicon photovoltaic modules. Selected parameters affecting 

module efficiency are daily average temperature and irradiation, further it was assumed that modules 

are optimally tilted. A degradation rate of 0.3 % per year was applied and an additional reduction of 

the generated power of 3 % was assumed reflecting negative impacts such as clouding and pollution. 

Combining the aforementioned models leads to an individual PV yield in hourly time steps for each 

considered energy system. Looking at all identified locations of the SIIGs, the highest average annual 

PV yield is found for Mindanao with 1,535 (kWh/kWp) followed by Luzon (1,474 kWh/kWp) and 

Visayas (1,447 kWh/kWp). 

3.5. Technical and economic input data 

As a final step before applying the above described approach, it was necessary to define the technical 

and economic input parameters. The different components of the model are characterized by 

parameters describing their technical and economic characteristics. In typical diesel only supply 

systems, the diesel fuel costs are the most decisive factor for the power generation costs (Weisser, 

2004). Thus, the local diesel price and fuel conversion efficiencies for each SIIG needed to be 

identified individually, whereas generic input values were applied for all other technical and economic 

input data, which are presented below. Values are taken from literature references as indicated and 

validated via discussions with local project developers. A summary of all input parameters is provided 

in Table 3. 

Table 3: Overview on technical and economic input values for energy system simulation tool. 

Category Parameter Unit Value 

PV 
CAPEX USD/kW 1,500 

OPEX USD/kW/year 30 



 
 

 

lifetime years 20 

Battery 

 

CAPEX  

(Capacity & Power) 

USD/kWh 700 

OPEX USD/kWh/year 10.5 

lifetime years 10 

maximum C-rate kW/kWh 1 

maximum depth of 

discharge 

% 80 

charging efficiency % 90 

discharging efficiency % 90 

initial state of charge % 50 

Diesel 

CAPEX USD/kW 0 

OPEX (fix) USD/kW/year 10 

OPEX (var) USD/kWh 0.02 

Lifetime years 20 

Rotating mass % 40 

Efficiency  l/kWh Individual for each SIIG 

Fuel price USD/liter Individual for each SIIG 

Economic 

Project lifetime years 20 

Annual Fuel Changings % 3 

WACC % 10 

 

Economic parameters of the PV system are defined by initial costs, operational and maintenance 

expenditures (OPEX), and lifetime. Technical parameters such as efficiency values were taken into 

account during the resource assessment. For turn-key PV plants 1,500 USD/kWp initial costs were 

chosen, 2 % OPEX, which equals to 30 USD/kWp per year, and lifetime of 20 years (Ilas et al., 2018). 

We selected lithium-ion battery as energy storage system, considering it as the most appropriate 

technology for the application on islands, given the expected cost reduction, high efficiency and 

smaller environmental impact compared to other battery technologies (Vandepaer et al., 2017; Zubi et 

al., 2018). Initial costs add up to 700 USD per kWh installed capacity; combining the costs for 

capacity and power at a fixed C-rate of one as a modular unit. OPEX are 10.5 USD/kWh per year and 

the lifetime is 10 years (Schmidt et al., 2017). Other technical parameters are round-cycle efficiency of 

90 % and a maximum depth of discharge of 80 %. 

For all SIIGs, the diesel plants are already in place and therefore no initial costs occur for that 

technology. Operational costs are based on expenditures such as maintenance or lubricant oils and add 

up to 0.02 USD per generated kWh. Lifetime of the plants was set to 20 years so no replacements 

occur during the simulated project lifetime. For system stability, we introduced a stability parameter 

called rotating mass. A rotating mass share of 40% of the hourly demand was considered. This reflects 

the operating diesel capacity necessary to provide auxiliary services in case it cannot be provided by 

the battery. 

The diesel fuel efficiency values were retrieved for each SIIG individually and range from 0.26 l/kWh 

to 0.83 l/kWh (Figure 2). Additionally, diesel fuel prices were obtained individually for each SIIG 

ranging from 0.16 USD/liter to 1.33 USD/liter. The high spread of prices is based on different 

transport costs, economies of scale, but also on the internal accounting system of the sole operator of 

these plants – NPC-SPUG. The prices do not necessarily reflect market conditions. However, it 

reflects the benchmark used by the current operator to assess if a potential hybridization project would 

be beneficial. Therefore, we applied these prices for our hybridization scenarios and added sensitivity 



 
 

 

analyses showing the influence of undistorted world market based diesel prices on the specific 

hybridization potential. 

Other economic parameters necessary to reflect overall costs of a hybridization project include lifetime 

and capital costs. For each SIIG a project lifetime of 20 years was applied. The weighted average cost 

of capital (WACC) was 10 % based on an equity share of 40 %, equity costs of 15 % and loan interest 

rate of 6.6 %. High equity shares represent the high risk perception of the commercial banks regarding 

small scale hybridization projects. 

4. Results and Discussion 
The results section is structured along the three different demand scenarios: status quo (0), 24 hours 

supply (1), and load growth (2). Additionally, sensitivity analyses are conducted focusing diesel fuel 

costs, WACC, PV costs and battery costs (Figure 6). For each scenario, the diesel only and hybrid 

supply systems are presented showing the respective simulation and optimization results. Results are 

summarized for the three main regions: Luzon, Visayas, and Mindanao. Values are presented as sum 

(sum) or weighted average (w-avg.). Average values are weighted along the specific electricity 

consumption of each SIIG for regional and national LCOE and RE-share. 

 

Figure 6: Scenarios and results - Approach. 

4.1. Scenario 0 - Status quo: Current demand 

For scenario 0, no changes in the load demand structure are applied. The current demand situation 

identified via extensive data collection (section 3.3) is the baseline for the simulation and optimization. 

The following table summarizes the status quo and the related diesel-based power supply (Table 4). 

Table 4: Results of diesel only simulation - Scenario 0: Status quo. 

Region Demand 
Diesel only 

Fuel cons. Fuel costs LCOE 



 
 

 

  [MWh/a] [liter/a] [USD/a] [USD/kWh] 

 sum sum sum w.-avg. 

Luzon 1,022,747 355,793 220,274 0.24 

Visayas 59,712 20,824 14,299 0.26 

Mindanao 177,479 52,683 43,178 0.26 

National 1,259,937 429,300 277,751 0.24 

 

For scenario 0, a total demand of 1.26 TWh with the majority (81 %) in Luzon, 14 % in Mindanao, 

and 5 % in Visayas is identified. Diesel fuel consumption and total fuel costs per year are also the 

highest in Luzon. Nevertheless, in Mindanao the share of fuel costs increases to 16 %, due to the 

specifically higher fuel prices per liter compared to share of fuel consumption of only 12 %. Thus, the 

LCOE are on average higher in Mindanao as well as in Visayas with 0.26 USD/kWh compared to 

0.24 USD/kWh in Luzon. 

For each of the presented SIIGs an individual optimization was conducted to identify the techno-

economic optimized PV and battery capacities. Aggregated results are illustrated in the following table 

(Table 5). 

Table 5: Results of techno-economic optimization - Scenario 0: Status quo. 

Region Demand 

Hybrid 

Investment 
PV 

cap. 

Battery 

cap. 

Fuel 

cons. 
Fuel costs LCOE 

RE-

share 

 
[MWh/a] 

[million 

USD] 
[MWp] [MWh] 

[thousand 

liter/a] 

[thousand 

USD/a] 
[USD/kWh] [%] 

 sum sum sum sum sum sum w.-avg. w.-avg. 

Luzon 1,022,747 296.1 180.2 36.9 270,297 164,765 0.22 23.6 

Visayas 59,712 17.7 10.6 2.6 15,883 10,803 0.24 23.4 

Mindanao 177,479 61.5 36.0 10.8 38,046 31,166 0.24 27.8 

National 1,259,937 375.3 226.7 50.3 324,225 206,735 0.22 24.2 

 

Analysis of the techno-economic optimization results reveal a potential for hybridization, which would 

lead to an average renewable energy share of 24 % corresponding to a decrease of average LCOE by 

0.02 USD/kWh. Thereby, fuel consumption can be decreased by 24 % and the total fuel costs by 25 %. 

This results in potential fuel savings of 70 million USD per year, which is achieved by investing 

approximately 375 million USD into 230 MW PV and 50 MWh battery capacities. The comparison of 

total savings and investments demonstrates an economic potential for hybridization. Under the current 

market conditions, a quarter of diesel consumption can be saved without any subsidies for 

hybridization with solar PV. In order to understand the specific results for each SIIG, the results are 

visualized in the following figure illustrating the RE-share and PV potential for each SIIG (Figure 7). 



 
 

 

 

Figure 7: Overview map showing RE-share (%) and PV potential (MW) for scenario 0. 

No techno-economic hybridization potential exists under the assumptions of scenario 0 for 74 (56 %) 

out of the 132 SIIGs. This is mainly due to the unfavorable load profiles for solar PV due to the fact 

that many of these SIIGs provide electricity supply during evening and night hours only. In summary, 

the average operating hours of only 10 hours per day and the load profiles are major barriers for 

economically viable implementation of solar PV systems in these SIIGs. As these systems are rather 

small (total demand adds up 90,000 MWh – appr. 7 % of all SIIGs) their impact on the total fuel 

consumption is minor. 



 
 

 

In contrast, the 58 SIIGs that show a techno-economic potential for PV and batteries have average 

operating hours of 21 hours per day. These SIIGs represent an average RE-share of 26 %. Under the 

current economic framework, it is worthwhile to focus on those SIIGs which have longer service 

hours. Implementing solar energy in those systems alone would enable diesel savings of 100 million 

liter per year. This reflects average savings of 70 million USD per year for the next 20 years assuming 

a 3 % increase of fuel prices per year. For the respective 58 SIIGs, the LCOE would decrease from 

0.25 to less than 0.22 USD/kWh on average. 

4.2. Scenario 1 – 24/7 supply: Extension to 24 hours supply for all SIIGs 

In scenario 1, the electricity supply for each underserved SIIG is extended to enable 24 hour supply. 

This is a crucial step to achieve SDG7+ as it allows each consumer to use electricity during every hour 

of the day, which is a challenge especially for the smaller systems. While the local impact of extending 

supply hours from e.g. 9 to 24 hours in a specific SIIG and on its consumers is quite high, it remains 

low in the total consumption and cost numbers. As mainly small-scale systems are affected by the 

extended service hours the total demand increases only by 2.2 % to 1.29 TWh/a. The same increase 

can be observed in the fuel consumption, where the fuel costs increase slightly by 2.5 % due to the 

higher specific fuel prices of the smaller systems. The LCOE slightly increases as more power is 

generated in very small SIIGs with lower diesel fuel efficiencies and higher fuel prices. Relative 

changes are higher in the Visayas and Mindanao region as they have a higher share of small scale 

SIIGs. Aggregated numbers can be found in the following table (Table 6). 

Table 6: Results of diesel only simulation - Scenario 1: 24/7 supply. 

Region 
Demand 

Diesel only 

Fuel cons Fuel costs LCOE 

 
[MWh/a] [liter/a] [USD/a] [USD/kWh] 

 sum sum sum w.-avg. 

Luzon 1,037,710 360,783 223,775 0.24 

Visayas 65,111 22,768 15,866 0.27 

Mindanao 184,968 55,055 45,117 0.27 

National 1,287,789 438,606 284,758 0.24 

Change to scenario 0 2.2 % 2.2 % 2.5 % 0.3 % 

 

Again, an individual optimization of each SIIG was conducted to understand the techno-economic 

potential of hybridization supplying 24 hours electricity. The results are summarized in Table 7. 

Table 7: Results of techno-economic optimization - Scenario 1: 24/7 supply. 

Region 
Demand 

Hybrid 

Investme

nt 
PV cap. 

Battery 

cap. 

Fuel 

cons. 

Fuel 

costs 
LCOE RE-share 

 
[MWh/a] [USD] [kWp] [kWh] [liter/a] [USD/a] 

[USD/k

Wh] 
[%] 

 sum sum sum sum sum sum w.-avg. w.-avg. 

Luzon 
1,037,71

0 
308.6 186.9 40.4 271,794 165,982 0.22 24.2 

Visayas 65,111 20.6 12.3 3.1 16,986 11,685 0.24 25.0 



 
 

 

Mindanao 184,968 64.5 37.9 11.0 39,403 32,135 0.24 28.5 

National 
1,287,78

9 
393.7 237.0 54.5 328,184 209,803 0.22 24.9 

Change to 

scenario 0 
2.2 % 4.9 % 4.5 % 8.3 % 1.2 % 1.5 % -0.1 % 3.0 % 

The most significant change with regard to scenario 0 is that 71 SIIGs shift from zero RE-share to 

appr. 23 %. Only three out of the 132 SIIGs remain without hybridization potential. This is due to the 

very low specific diesel LCOE of these three SIIGs.  On average, an LCOE of 0.22 USD/kWh and a 

RE-share of approximately 25 % is achieved. This reveals a lock-in dilemma for the smaller 

undersupplied SIIGs: If they do not switch to 24/7 supply the hybridization is also not economically 

feasible. For all other SIIGs the hybridization potential results in RE-shares of between 10 % and 

40 %. This is in the same range as of the previously identified 58 SIIGs with hybridization potential in 

scenario 0. These values are illustrated in the following map together with the potential PV capacities. 

The difference in RE-share is now mainly determined by the specific diesel plant efficiencies, fuel 

prices and solar irradiation. In addition, the hourly load profile influences the profitability of PV 

systems. The more demand during the day, the higher the RE-share; this in turn favors larger SIIGs 

(Figure 8). 

With regard to the total numbers, the changes are more significant than in the weighted average 

values. Increased investments of 393 million USD (+5 %) lead to increased PV capacities of 237 MW 

(+4.5 %) and battery capacities of 55 MWh (+8 %). Fuel consumption and fuel costs increase less 

strongly than the demand, as the hybrid systems cover parts of the demand with renewable energy. 

The total fuel savings add up to 110 million liter per year and the fuel cost savings add up to 75 

million USD per year. In summary, it can be stated that the extension of the supply hours towards 24/7 

does not only improve the service quality for the customers but also allows a higher economically 

viable RE-share. Thus, an extension to 24 hours power supply favors also the implementation of 

sustainable and disaster resilient technologies which both supports the tasks of SDG7+. 

 



 
 

 

 

Figure 8: Overview map showing RE-share (%) and PV potential (MW) for scenario 1. 

4.3. Scenario 2 – load growth: Addition of 10 years load growth to scenario 1 

Scenario 2 reflects the projected load growth for the different SIIGs. As a project lifetime of 20 years 

is assumed, we selected year 10 as the reference year. The projection for year 10 is based on the 

Distribution Development Plans (DDP) compiled by the local electric cooperatives and provided by 

the Department of Energy of the Philippines as described in the material and methods section. 



 
 

 

By reference year 10, the total energy demand is expected to grow by 108 % to 2.7 TWh/a. As the load 

profiles and other input values do not change; rather just the total demand, the fuel consumption and 

fuel costs also increase by 108 %. This means under the assumption of a 24 hour diesel based supply 

and a continuous anticipated load growth, approximately 911 million liters of diesel fuel would be 

necessary on average per year. This results in total costs of 590 million USD per year on average and 

the LCOE remain at 0.24 USD/kWh as in scenario 1. The relative regional distribution remains the 

same as well (Table 8). Such a doubling of energy demand would significantly increase the UCME 

requirement which is already projected at 240 million USD for 2018 (DoE, 2016a). The load growth 

does not only affect the total demand per year but also the peak load values. The total peak load adds 

up to 485 MW in scenario 2, which reflects the peak load at reference year 10. The comparison to the 

currently available diesel power plant capacities of 450 MW reveals the need for new power plant 

capacities if the 24 hour supply and expected load growth are to be met. For this analysis, the costs of 

new diesel plant capacities are not considered as we focus on the hybridization technologies only. 

Table 8: Results of diesel only simulation - Scenario 2: Load growth. 

Region Demand 
Diesel only 

Fuel cons Fuel costs LCOE 

  [MWh/a] [liter/a] [USD/a] [USD/kWh] 

 sum sum sum w.-avg. 

Luzon 2,155,291 749,335 464,773 0.24 

Visayas 135,233 47,288 32,953 0.27 

Mindanao 384,172 114,348 93,708 0.27 

National 2,674,697 910,971 591,433 0.24 

Change to scenario 1 107.7 % 107.7 % 107.7 % 0.00 % 

 

For scenario 2 as for the previous scenarios, techno-economic optimization computations were 

performed to identify the hybridization potential. Results of these optimizations are shown in the 

following Table 9. 

Table 9: Results of techno-economic optimization - Scenario 2: Load growth. 

Region Demand 

Hybrid 

Investment PV cap. 
Battery 

cap. 

Fuel 

cons. 

Fuel 

costs 
LCOE 

RE-

share 

  [MWh/a] [USD] [kWp] [kWh] [liter/a] [USD/a] [USD/kWh] [%] 

 sum sum sum sum sum sum w.-avg. w.-avg. 

Luzon 2,155,291 636.2 386.2 81.2 566,160 345,227 0.22 24.0 

Visayas 135,233 43.2 25.7 6.7 35,199 24,217 0.24 25.2 

Mindanao 384,172 137.3 80.5 23.7 81,291 66,313 0.24 29.0 

National 2,674,697 816.6 492.4 111.5 682,650 435,757 0.22 24.8 

Change to 

scenario 1 
107.7 % 107.4 % 107.7 % 

104.7 

% 
108.0 % 107.7 % -0.02 % -0.32 % 

 



 
 

 

Similar to the simulation of the diesel only systems, the total values – sum – should increase by 

approximately 108 % compared to scenario 1 and the relative values – weighted average –should 

remain the same. Solar PV and battery capacities alongside fuel consumption and costs increase by 

108 % while the relative values for LCOE and RE-share remain the same on average. The deviation is 

a result of the 0.1 % accuracy deviation of the optimization algorithm from the global optimum as 

described in the methodology section. The doubling of energy demand results in average fuel costs of 

435 million USD per year, even if 816 million USD are invested into solar PV and battery capacities. 

Thus, a significant amount of money would continue to be spent on diesel fuels in the future techno-

economic optimized hybridization configuration under current economic conditions and relatively 

high initial and financing costs of the solar PV and battery systems. Reducing initial costs and 

financing rates would allow more investments into solar PV and battery capacities to lower diesel fuel 

consumption and costs as well as LCOE while increasing the RE-share. This would further support the 

sustainability, affordability and resilience of the electricity supply on the SIIGs as it is elaborated in 

our sensitivity analyses. Figure 9 highlights the RE-share and solar PV potential for each grid under 

the assumptions of scenario 2. 



 
 

 

 

Figure 9: Overview map showing RE-share (%) and PV potential (MW) for scenario 2. 

 

4.4. Sensitivity analyses 
Sensitivity analyses were applied for assessing the robustness of the above-described results and for 

studying the sensitivity of the results to key input parameters. Given the heterogeneity in fuel 

conversion efficiencies (0.26 – 0.83 l/kWh) and diesel fuel prices (0.16- 1.33 USD/liter) for the 

identified SIIGs, we applied uniform values of 0.35 l/kWh for diesel fuel efficiency and 0.5 USD/liter 



 
 

 

of diesel fuel prices for all SIIGs as base sensitivity scenario. The reasoning for this harmonization of 

diesel prices and efficiencies is to introduce a global undistorted scenario which allows a comparison 

of diesel to hybrid systems in a more transparent ways. The specific fuel prices and efficiencies of the 

previous scenarios are taken from the accounting system of the local operator and reflected the local 

perspective. 

For all sensitivity analyses the energy demand for scenario 2 “load growth” was used resulting in a 

total annual energy demand of 2.67 GWh for all 132 SIIGs (Table 10). All technical and economic 

input parameters were determined as described in Table 3, unless otherwise stated in the following 

sections. Each sensitivity analysis was conducted for changes in diesel prices, WACC, PV costs or 

battery costs while other parameters remained equal (ceteris paribus). 

In our study, the techno-economic feasibility of solar PV – battery – diesel hybrid energy systems was 

compared to diesel only systems. Thus, diesel fuel prices are one decisive factor for determining the 

economic feasibility of the hybrid energy systems. The fuel prices for the different SIIGs vary 

enormously and their composition is not transparent. For coming up with a clearer picture on the 

influence of the initial diesel fuel price on the optimized configuration a base sensitivity of 

0.5 USD/liter was applied. Average diesel spot prices for 2017 were at 0.44 USD/liter (EIA, 2018). 

Adding fuel and handling costs, 0.5 USD/liter reflects a realistic average value as base price for all 

SIIGs. The price sensitivity analysis was conducted using 0.25 USD/liter (- 50 %), 0.75 USD/liter 

(+50 %), 1 USD/liter (+100 %) and 1.5 USD/liter (+150 %) in order to study the impact of the fuel 

price development on the economic feasibility of hybrid energy systems. Table 10 reveals the results 

for the diesel only system with the presented diesel fuel price costs assumptions. As expected, with 

increasing diesel prices per liter the overall fuel costs increase correspondingly and result in increasing 

power generation costs (LCOE). 

Table 10: Results of sensitivity analysis for diesel fuel prices - diesel only system.  

Sensitivities Diesel fuel price Demand 
Diesel only system 

Fuel cons. Fuel costs LCOE 

  [USD/l] [MWh/a] [thousand liter/a] [thousand USD/a] [USD/kWh] 

  sum sum sum w.-avg. 

-50 % 0.25 

2,674,697 936,144 

305,273 0.14 

Base scenario 0.5 610,547 0.25 

+50 % 0.75 915,820 0.36 

+100 % 1 1,221,094 0.48 

+150 % 1.5 1,831,641 0.71 

 

Table 10 presents the results of the sensitivity analyses on diesel fuel prices for the cost-optimized 

hybrid energy systems. The base scenario applying diesel fuel prices of 0.5 USD/liter and diesel 

generator efficiencies of 0.35 kWh/l shows similar results as scenario 2 described in section 4.3. 

In both scenario 2 and in the sensitivity base case, an LCOE reduction potential of 0.02 USD/kWh is 

achieved by the implementation of PV and battery systems as revealed in Table 11. Compared to the 

scenario 2 (Table 9) the higher RE-share of 28 % in the base sensitivity scenario is explained by 

higher investments in PV and battery systems. With diesel fuel prices reduced by 50 % no more 



 
 

 

economic potential for solar PV hybridization can be identified. With increasing diesel fuel prices of 

0.75 USD/liter and 1.0 USD/liter the cost-optimized RE-share increases to 34 % and 36 % 

respectively. For all three scenarios (base scenario, +50 %, +100 %) the ratio between PV capacity and 

battery capacity installed is around 4/1. Hence, the hybrid energy systems are designed for saving 

diesel fuel during the day with the support of high power batteries for system stability rather than 

substantially replacing diesel fuel at evening and night hours. This situation changes with diesel fuel 

prices of 1.5 USD/liter. The investment in solar PV and battery systems more than triples compared to 

the base scenario and the ratio between solar PV and battery system is in favor of battery systems to 

allow shifting substantial amount of solar generated power towards the evening hours resulting in a 

RE-share of more than 50 %. Compared to the diesel fuel costs LCOE reduction grows substantially 

with each diesel price increase step. This is based on the relatively higher LCOE increase of diesel 

only systems compared to hybrid systems with increasing diesel fuel prices. At diesel prices of 1.50 

USD/liter the LCOE savings amount to 0.16 USD/kWh. 

Table 11: Results of sensitivity analysis for diesel fuel costs - hybrid energy system. 

Sensitivities 

Diesel 

fuel 

price 

Hybrid 

Investment PV cap. 
Battery 

cap. 

Fuel 

cons. 
Fuel costs LCOE 

RE-

share 

  [USD/l] 
[million 

USD] 
[MWp] [MWh] 

[thousand 

liter/a] 

[thousand 

USD/a] 
[USD/kWh] [%] 

  sum sum sum sum sum w.-avg. w.-avg. 

-50 % 0.25 48.7 32.5 0.1 918,192.5 299,419.6 0.14 1.9 

Base 

scenario 
0.5 942.6 556.6 153.9 670,362.9 437,206.4 0.23 28.4 

+50 % 0.75 1,234.4 726.5 206.6 618,922.3 605,485.7 0.31 33.9 

+100 % 1 1,412.4 836.5 225.2 597,850.9 779,829.0 0.38 36.1 

+150 % 1.5 3,323.7 1,320.8 1,917.8 419,423.7 820,636.3 0.51 55.2 

 

The cost of capital in form of WACC is a decisive parameter for the cost effectiveness of solar PV and 

battery systems. This is due to the cost structure of high initial costs and low operational costs based 

on the absence of fuel expenditures for these. Thus, financing costs influence the economic 

performance of these new technologies stronger than those of conventional plants with low investment 

costs and high fuel expenditures. The results for the financing sensitivity analysis presented in Table 

12 highlight that especially higher costs of capital would decrease the potential for solar PV. An 

increased WACC of 15 % halves investments in solar PV with significant impact on the battery 

potential (decrease by 95 % compared to based scenario). Consequently, the RE-share sinks to 17 %. 

Lower costs of capital favor the implementation of solar PV: More solar PV and battery capacities are 

installed for the cost-optimized hybrid energy system facilitating RE-shares of 33 %.  

Table 12: Results of sensitivity analysis for WACC - hybrid energy system. 

Sensitivities WACC 

Hybrid 

Investment PV cap. 
Battery 

cap. 
Fuel cons. Fuel costs LCOE 

RE-

share 

  [%] 
[million 
USD] 

[MWp] [MWh] 
[thousand 

liter/a] 
[thousand 
USD/a] 

[USD/kWh] [%] 

  sum sum sum sum sum w.-avg. w.-avg. 



 
 

 

-50 % 5 1,185.1 698.2 196.8 626,115.0 408,348.1 0.21 33.1 

Base 

scenario 
10 942.6 556.6 153.9 670,362.9 437,206.4 0.23 28.4 

+50 % 15 485.7 320.7 6.6 776,261.4 506,272.6 0.24 17.1 

 

Solar PV investment costs are projected to further decrease after a substantial cost reduction in the last 

decade (Ilas et al., 2018). The effect of lower and higher solar PV investment costs of 750 USD/kW 

and 2250 USD/kW are similar to the impact of WACC on the cost-optimized results (Table 13). 

Lower solar PV costs (-50 %) allow for RE-shares of 35 %. Even higher RE-shares would potentially 

be achieved with higher battery capacity, which do not increase at the same pace as solar PV 

capacities when comparing the base scenario and solar PV costs (+50 %). Higher solar PV investment 

costs (+50 %) substantially lower the potential for hybrid energy systems since the solar PV capacities 

shrinks by 45 % and battery capacities by 95 %. Due to the considered stability requirement, the pure 

solar PV capacity cannot substitute substantial shares of diesel power generation since diesel power is 

necessary for stability provision in the absence of battery systems. 

Table 13: Results of sensitivity analysis for PV investment costs - hybrid energy system. 

Sensitivities 
PV costs 

Hybrid 

Investment PV cap. 
Battery 

cap. 

Fuel 

cons. 

Fuel 

costs 
LCOE 

RE-

share 

  [USD/kW] 
[million 
USD] 

[MWp] [MWh] 
[thousand 

liter/a] 
[thousand 
USD/a] 

[USD/kWh] [%] 

  sum sum sum sum sum w.-avg. w.-avg. 

-50 % 750 725.9 782.6 198.5 609,867.5 397,751.6 0.23 34.9 

Base 

scenario 
1,500 942.6 556.6 153.9 670,362.9 437,206.4 0.22 28.4 

+50 % 2,250 678.3 300.6 2.9 784,765.2 511,818.8 0.23 16.2 

 

For battery investment costs, strong cost reductions are projected so it is worth to test impacts of 

battery investment costs on the hybridization potential as well (Kittner et al., 2017; Schmidt et al., 

2017). The sensitivity analysis provided in Table 14 reveals that changes in battery costs have lower 

impact on cost-optimized hybrid system configurations, LCOE and RE-share. Lower battery costs (-50 

%) facilitate a higher battery/solar PV ratio and increase the RE-share to 31 %. With higher battery 

costs (+50 %) less PV and battery capacity is installed, however the RE-share decreases less than 

compared to the above outlined sensitivity scenarios. 

Table 14: Results of sensitivity analysis on for battery investment costs - hybrid energy system. 

Sensitivities Battery 

costs 

Hybrid 

Investment PV cap. 
Battery 

cap. 

Fuel 

cons. 

Fuel 

costs 
LCOE 

RE-

share 

  [USD/kWh] 
[million 
USD] 

[MWp] [MWh] 
[thousand 

liter/a] 
[thousand 
USD/a] 

[USD/kWh] [%] 

  sum sum sum sum sum w.-avg. w.-avg. 

-50 % 350 977.6 605.5 198.1 649,020.4 423,286.9 0.22 30.7 

Base 

scenario 
750 942.6 556.6 153.9 670,362.9 437,206.4 0.22 28.4 



 
 

 

+50 % 1050 665.3 417.0 37.9 737,816.6 481,199.2 0.23 21.2 

 

The following figures present the results of the sensitivity scenarios for diesel prices, WACC, PV 

costs and battery costs for a range of -50 % and +50 % compared to the base scenario for the key 

output parameters RE-share and LCOE (Figure 10: Impact of selected input parameters on renewable 

energy share (%).Figure 10 & Figure 11).  

  

Figure 10: Impact of selected input parameters on renewable energy share (%). 

 

Figure 11: Impact of selected input parameters on LCOE (USD/kWh). 

Diesel prices are clearly the most influencing parameter for hybridization potential. With diesel fuel 

prices below 0.25 USD/liter the investment into solar PV is not cost effective under current market 

conditions. From diesel prices of 0.5 USD/liter onwards solar PV hybridization becomes cost-

effective. The potential for solar PV implementation grows steadily with diesel prices of 0.75 and 

1 USD/liter and rapidly from costs of 1.0 USD/liter onwards as presented in Table 10. For LCOE the 
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decrease of diesel prices leads to substantially lowered LCOE, as fuel prices are the main determining 

factor for the economic performance of diesel supplied systems. Increased diesel prices of 0.75 

USD/liter lead to a substantial increase in LCOE since the share of diesel power generations is still 

significant and therefore the costs for fuel rise as well. 

Changes in WACC, solar PV costs and battery costs have less impact on RE-share and LCOE. With 

regard to LCOE, it is important to point out that for all considered sensitivity analyses the cost-

optimized hybrid systems have all LCOE reduction potential compared to the pure diesel base scenario 

with LCOE of 0.25 USD/kWh. Changes in WACC and solar PV costs affect the RE-share almost in 

the same way. Battery costs impact the RE-share slightly less significantly. With regards to LCOE 

changes, WACC has higher impact than changes of solar PV and battery investment costs. 

For highlighting correlation between the input parameters, a non-favorable RE sensitivity with 

decreased diesel prices (-50 %) and +50 % increased WACC, PV costs and battery costs is compared 

to the base scenario and a favorable RE sensitivity with +50 % diesel prices and -50 % WACC, PV 

costs and battery costs (Table 15). 

Table 15: Assumptions for extreme sensitivities. 

Sensitivities Diesel fuel 

price 
WA CC 

PV 

costs 

Battery 

costs 

 [USD/l] [%] [USD/kW] [USD/kWh] 

     

Non-favorable RE 0.25 15 2,250 1,050 

Base scenario 0.5 10 1,500 700 

Favorable RE 0.75 5 750 350 

 

These extreme sensitivities show very different results. The non-favorable sensitivity leads to zero 

hybridization potential. Under these conditions, no techno-economic driven hybridization would take 

place on the small Philippine islands. This is contrasted by the favorable RE sensitivity analysis where 

we can identify RE-shares of more than 50 % and relatively low LCOE (Table 16). Similar results 

were also calculated for the 1.5 USD/liter diesel price sensitivity showing solar PV capacities of 

1.3 GW and battery capacities of 1.9 GWh. 

Table 16: Comparison of RE non-favorable and favorable scenario compared to base scenario. 

Sensitivities Hybrid 

Invest. PV cap. 
Battery 

cap. 

Fuel 

cons. 

Fuel 

costs 
LCOE RE-share 

 [million 
USD] 

[MWp] [MWh] 
[thousand 

liter/a] 
[thousand 
USD/a] 

[USD 
/kWh] 

[%] 

 sum sum sm sum sum w.-avg. w.-avg 

Non-favorable RE 0.0 0.0 0.0 936,143.8 305,273.5 0.14 0 

Base scenario 942.6 556.6 153.9 670,362.9 437,206.4 0.23 28.4 

Favorable RE 1,691.6 1,411.4 1,808.7 421,321.9 412,175.2 0.36 55.0 

 



 
 

 

Looking at fuel price and technology projections, the favorable solar RE sensitivity seems to be not 

unlikely. Local fuel prices of 0.75 USD/liter are in place or exceeded in many SIIGs (compare Figure 

2). Also, cost projections of solar PV and batteries show constant decreases, which could result in 

solar PV costs of 750 USD/kW and battery costs of 350 USD/kWh. Additionally, the GoP could foster 

such cost development trajectories by setting higher taxes on diesel fuel as currently discussed or 

providing investment incentives for PV and battery investments. Additionally, financing schemes 

allowing reducing WACC to 5 % would support the implementation of hybridization projects on the 

small Philippine islands. This would help to rapidly mitigate 50 % of diesel fuel consumption and 

expenditures while increasing the quality towards 24 hour supply and following the demand increase 

projections. 

In summary, the sensitivities draw a more positive picture of the techno-economic hybridization 

potential in Philippine SIIGs. The favorable price and cost developments seem the more realistic 

sensitivities. Thus, a level playing field between RE and diesel systems combined with the expected 

global increase on fuel prices show great potential for constantly increased RE-shares without the need 

of governmental interventions. Hybridization would become a viable business case and could even be 

introduced as a decentralized approach, for example by providing beneficial net-billing schemes as 

suggested for Caribbean islands (Blechinger and Breyer, 2012). Considering the mentioned conditions 

of the favorable RE sensitivity the achievement of SDG7+ on the selected Philippine islands would be 

significantly accelerated. 

5. Conclusions 
The goal of this paper was to analyze if and how SDG7+, the provision of affordable, reliable, 

sustainable and modern energy for all by resilient systems, can be achieved on small isolated island 

grids of the Philippines. The focus was set on different energy demand scenarios to understand the 

implications of 24 hours supply for all customers and load growth over time. These were extended by 

different sensitivities to show implications of changed input parameters. 

For scenario 0 - status quo, a demand of 1.25 TWh has to be supplied for 132 SIIGs with significant 

differences in the energy demand per location (ranging from 10,000 kWh/a to more than 50,000 

MWh/a). Catering for this energy demand with only diesel power generation leads to the combustion 

of 430 million liter of diesel annually with implied costs of 277 million USD fuel costs and LCOE of 

0.24 USD/kWh. It becomes obvious that diesel power generation is no option in the long term, when 

taking into account a 24 hour supply (scenario 1) and the doubling of this energy demand by 2027 

(scenario 2). In order to supply an increased demand of 2.7 TWh/a (scenario 2) with diesel power, 910 

million liters of diesel fuel would be required on an annual basis resulting in expenditures for fuel of 

591 million USD per year. This will put a strong additional burden on the UCME for each electricity 

customer in the Philippines. Thus, it will be an immense societal and political challenge to enable this 

increased quality of supply which would be required if the Philippines want to achieve their energy 

access target of 100 % electrification and increased quality of supply by 2022 (DoE, 2016b). 

Hybridization of these diesel systems is one of the preferred measures to reduce the fuel consumption 

and costs as well as LCOE. As shown for scenario 2 an investment of 816 million USD into 492 MW 

PV and 111 MWh battery capacities would result in a techno-economic optimized system 

configuration with a RE-share of 25 %. The fuel consumption decreases respectively by 25 % and the 

fuel costs decrease by 156 million USD per year. LCOE decrease from 0.24 to 0.22 USD/kWh. Under 



 
 

 

the current conditions, this reflects the techno-economically viable solution towards SDG7+. Load 

growth and 24 hour supply would be covered while the systems affordability, sustainability, and 

resilience are strengthened via the introduction of PV and battery systems. In conclusion, SDG7+ can 

only be achieved if the electrification efforts go hand in hand with an energy transition towards hybrid 

systems. Looking at increasing diesel prices in the future it becomes more and more necessary to start 

hybridization projects on these islands to keep the electricity supply affordable. Lower technology and 

financing costs can partly balance increased diesel fuel prices to stabilize the overall LCOE for all 

SIIGs. 

Policy and decision makers can support SDG7+ by setting certain incentives, which may push the RE-

share beyond 50 %. First of all, the 24 hour supply should be targeted as it comes with relatively low 

overall costs and increases the living quality of the affected consumers significantly. Secondly, 24 

hour supply is a prerequisite for economically viable hybridization compared to shorter service hours 

during evening and night. As an additional step, initial costs or WACC can be reduced through tax 

incentives or special loans which would make the long-term investment into solar PV and battery 

capacity more attractive. This increases the RE-share, reduces the fuel consumption and costs and 

moves the Philippines closer towards achieving SDG7+. 
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Annex 
Annex 1: Detailed information of considered diesel based energy systems 

Index Longitude Latitude Grid Name 
Island 

group 
Specific Region Province 

Island 

Population 

Energy demand (kWh) - 

Scenario 0 

Energy demand (kWh) - 

Scenario 1 

Energy demand (kWh) - 

Scenario 2 

1 121.967583 20.4392 
Batan Is. 

(Batanes) 
Luzon 

Cagayan Valley (Region 

II) 
Batanes 

12,859 
1,136,231 1,136,231 2,359,917 

2 121.835858 20.7823806 Itbayat Luzon 
Cagayan Valley (Region 
II) 

Batanes 
3,373 

9,827,982 9,827,982 20,412,406 

3 121.869108 20.3385556 Sabtang Luzon 
CagayanValley(RegionII

) 
Batanes 

1,297 
894,449 894,449 1,857,742 

4 121.476657 19.2611649 CalayanIs. Luzon 
CagayanValley(RegionII

) 
Cagayan 

7,527 
824,690 824,690 1,712,855 

5 121.876572 18.8929194 Balatubat Luzon 
CagayanValley(RegionII
) 

Cagayan 
5,618 

697,225 1,133,418 2,354,074 

6 121.871636 18.9701611 Minabel Luzon 
CagayanValley(RegionII

) 
Cagayan 

5,618 
180,789 342,197 710,732 

7 122.327114 14.7002639 Jomalig Luzon 
CALABARZON(Region

IV-A) 
Quezon 

6,864 
87,290 162,886 338,310 

8 122.218414 14.7569583 Patnanungan Luzon 
CALABARZON(Region
IV-A) 

Quezon 
14,002 

855,004 1,139,969 2,367,679 

9 121.922464 14.7640917 PolilloIs. Luzon 
CALABARZON(Region

IV-A) 
Quezon 

65,550 
277,575 757,910 1,574,154 

10 121.853406 13.4613278 
MainlandMarindu

que 
Luzon 

MIMAROPA(RegionIV-

B) 
Marinduque 

250,328 
6,466,037 6,466,037 13,429,754 

11 122.120728 13.5256222 Maniwaya Luzon 
MIMAROPA(RegionIV-
B) 

Marinduque 
1,119 

724,982 1,051,632 2,184,206 

12 122.173106 13.5120694 Mongpong Luzon 
MIMAROPA(RegionIV-

B) 
Marinduque 

880 
1,226,443 1,670,504 3,469,583 

13 122.087575 13.4983694 Polo Luzon 
MIMAROPA(RegionIV-

B) 
Marinduque 

3,268 
9,705,265 9,705,265 20,157,526 

14 120.935931 13.6524861 Tingloy Luzon 
CALABARZON(Region
IV-A) 

Batangas 
20,037 

49,413,216 49,881,493 103,602,274 

15 121.045708 12.4403083 
MainlandOccident

alMindoro 
Luzon 

MIMAROPA(RegionIV-

B) 

OccidentalMi

ndoro 1,240,727 
98,160 185,595 385,474 

16 120.560722 13.2343889 Mamburao Luzon 
MIMAROPA(RegionIV-

B) 

OccidentalMi

ndoro 1,240,727 
88,347 168,395 349,751 

17 120.164894 13.8228139 LubangIs. Luzon 
MIMAROPA(RegionIV-
B) 

OccidentalMi
ndoro 38,122 

44,812 93,797 194,813 



 
 

 

18 120.032511 13.8907333 Cabra Luzon 
MIMAROPA(RegionIV-

B) 

OccidentalMi

ndoro 2,923 
1,985,027 3,242,564 6,734,702 

19 122.272608 12.5783667 RomblonIs. Luzon 
MIMAROPA(RegionIV-
B) 

Romblon 
38,637 

84,092,358 84,092,358 174,657,151 

20 122.096331 12.9386389 Banton Luzon 
MIMAROPA(RegionIV-

B) 
Romblon 

7,545 
26,025,815 26,025,815 54,054,789 

21 122.5973 12.3043 SibuyanIs. Luzon 
MIMAROPA(RegionIV-

B) 
Romblon 

63,535 
4,830,171 4,830,171 10,032,111 

22 121.958186 12.0551278 CarabaoIs. Luzon 
MIMAROPA(RegionIV-
B) 

Romblon 
10,598 

91,235 196,758 408,660 

23 121.722308 12.9122917 Concepcion Luzon 
MIMAROPA(RegionIV-

B) 
Romblon 

4,055 
12,871,446 12,871,446 26,733,584 

24 122.05485 12.7836444 Corcuera Luzon 
MIMAROPA(RegionIV-

B) 
Romblon 

12,233 
644,631 862,881 1,792,176 

25 119.394814 11.1717694 ElNido Luzon 
MIMAROPA(RegionIV-
B) 

Palawan 
781,264 

9,898,837 9,898,837 20,559,569 

26 117.64095 9.04216667 Rizal Luzon 
MIMAROPA(RegionIV-

B) 
Palawan 

781,264 
1,542,368 2,162,154 4,490,725 

27 119.268242 10.5354361 SanVicente Luzon 
MIMAROPA(RegionIV-

B) 
Palawan 

781,264 
772,462 997,818 2,072,437 

28 119.503017 10.7922722 Taytay Luzon 
MIMAROPA(RegionIV-
B) 

Palawan 
781,264 

1,439,373 1,979,579 4,111,522 

29 120.941089 11.1517306 AgutayaIs. Luzon 
MIMAROPA(RegionIV-

B) 
Palawan 

6,787 
12,068,766 12,455,265 25,869,188 

30 119.9905 10.5575 Araceli Luzon 
MIMAROPA(RegionIV-
B) 

Palawan 
22,743 

1,535,955 1,589,811 3,301,988 

31 117.063506 7.98481389 BalabacIs. Luzon 
MIMAROPA(RegionIV-

B) 
Palawan 

14,574 
3,168,428 3,228,734 6,705,978 

32 121.199406 9.5814 Cagayancillo Luzon 
MIMAROPA(RegionIV-

B) 
Palawan 

4,573 
4,903,906 5,019,700 10,425,757 

33 121.003975 10.8380528 CuyoIs. Luzon 
MIMAROPA(RegionIV-
B) 

Palawan 
22,803 

275,673 480,049 997,047 

34 120.014864 11.881475 CulionIs. Luzon 
MIMAROPA(RegionIV-

B) 
Palawan 

15,921 
676,074 801,740 1,665,189 

35 119.867206 11.4910778 LinapacanIs. Luzon 
MIMAROPA(RegionIV-

B) 
Palawan 

8,539 
451,581 898,012 1,865,141 

36 124.043511 13.2300389 BatanIs.(Albay) Luzon BicolRegion(RegionV) Albay 19,659 253,403 658,201 1,367,062 

37 124.097969 13.1911694 Rapu-RapuIs. Luzon BicolRegion(RegionV) Albay 16,544 6,451,249 6,472,261 13,442,679 

38 123.817908 13.923925 LahuyIs. Luzon BicolRegion(RegionV) CamarinesSur 1,955 2,812,639 2,812,639 5,841,761 

39 123.638939 13.9149389 QuinalasagIs. Luzon BicolRegion(RegionV) CamarinesSur 3,786 454,712 735,453 1,527,513 



 
 

 

40 123.565939 13.5844778 Atulayan Luzon BicolRegion(RegionV) CamarinesSur 547 918,554 2,174,362 4,516,082 

41 123.848517 13.8395972 Haponan Luzon BicolRegion(RegionV) CamarinesSur ~500 1,927,320 2,483,416 5,157,977 

42 123.73775 12.5642389 TicaoIs. Luzon BicolRegion(RegionV) Masbate 89,627 136,961 251,377 522,103 

43 122.977642 13.1312833 Burias Luzon BicolRegion(RegionV) Masbate 89,579 203,068 518,736 1,077,398 

44 123.604944 11.9118444 Chico Luzon BicolRegion(RegionV) Masbate ~500 13,879 32,037 66,539 

45 123.552494 11.9585111 Gilotongan Luzon BicolRegion(RegionV) Masbate ~500 19,936 19,936 41,406 

46 123.637939 12.0245472 Pena Luzon BicolRegion(RegionV) Masbate ~500 8,729,014 8,729,014 18,129,884 

47 123.667603 11.891715 Naro Luzon BicolRegion(RegionV) Masbate 1,324 529,949 1,315,687 2,732,640 

48 123.911417 11.8124528 Guin-awayan Luzon BicolRegion(RegionV) Masbate ~500 71,950 131,201 272,501 

49 123.768742 11.8566444 Nabuctot Luzon BicolRegion(RegionV) Masbate ~500 208,912 382,579 794,604 

50 123.088433 13.0658833 Dancalan Luzon BicolRegion(RegionV) Masbate 89,579 81,081 154,634 321,170 

51 123.054317 13.0015806 MalakingIlog Luzon BicolRegion(RegionV) Masbate 89,579 135,135 253,637 526,797 

52 123.091333 12.9495889 Mababangbaybay Luzon BicolRegion(RegionV) Masbate 89,579 71,220 136,600 283,715 

53 123.326586 12.7384 Osmena Luzon BicolRegion(RegionV) Masbate 89,579 42,878 78,633 163,318 

54 123.368022 12.6985333 Penafrancia Luzon BicolRegion(RegionV) Masbate 89,579 62,820 122,071 253,537 

55 123.36197 12.7282666 Quezon Luzon BicolRegion(RegionV) Masbate 89,579 52,958 101,994 211,838 

56 124.046242 14.0219722 PalumbanesIs. Luzon BicolRegion(RegionV) Catanduanes ~500 44,923 83,743 173,932 

57 124.296556 13.6244056 
MainlandCatandu

anes 
Luzon BicolRegion(RegionV) Catanduanes 

259,076 
60,993 116,158 241,257 

58 121.547619 11.92855 CaluyaIs. Visayas 
WesternVisayas(Region
VI) 

Antique 
4,313 

46,019 101,184 210,156 

59 121.90755 11.4671 BatbatanIs. Visayas 
WesternVisayas(Region

VI) 
Antique 

890 
46,749 87,612 181,968 

60 121.576558 12.0976694 SiboloIs. Visayas 
WesternVisayas(Region

VI) 
Antique 

~500 
56,355 99,261 206,162 

61 122.609375 10.3918639 GuiwanonIs. Visayas 
WesternVisayas(Region

VI) 
Guimaras 

726 
54,152,568 55,240,834 114,733,454 

62 123.344744 11.6140333 GigantesNorte Visayas 
WesternVisayas(Region

VI) 
Iloilo 

1,521 
2,035,596 2,035,596 4,227,868 

63 123.684419 9.51666667 BalicasagIs. Visayas WesternVisayas(Region Bohol ~500 96,811 182,045 378,101 



 
 

 

VI) 

64 123.988703 10.1127972 Cuaming Visayas 
WesternVisayas(Region
VI) 

Bohol 
~500 

30,505 58,507 121,517 

65 123.855364 9.94231389 Mantatao Visayas 
WesternVisayas(Region

VI) 
Bohol 

~500 
49,429 93,374 193,934 

66 123.92345 9.49248889 Pamilacan Visayas 
WesternVisayas(Region

VI) 
Bohol 

~500 
1,380,932 1,913,498 3,974,275 

67 124.043653 10.154511 Cabul-anIs. Visayas 
WesternVisayas(Region
VI) 

Bohol 
~500 

135,901 135,901 282,263 

68 124.023294 10.0702111 Hambongan Visayas 
WesternVisayas(Region

VI) 
Bohol 

~500 
115,078 227,431 472,366 

69 123.89985 10.0551306 Bagongbanwa Visayas 
WesternVisayas(Region

VI) 
Bohol 

~500 
34,706 65,349 135,727 

70 123.989014 10.0141083 Batasan Visayas 
WesternVisayas(Region

VI) 
Bohol 

~500 
122,019 165,496 343,730 

71 123.882306 9.98743333 Bilangbilangan Visayas 
WesternVisayas(Region

VI) 
Bohol 

~500 
159,282 298,272 619,500 

72 123.927771 10.0717118 Mocaboc Visayas 
WesternVisayas(Region
VI) 

Bohol 
~500 

23,819 45,881 95,293 

73 123.941321 9.99793891 Pangapasan Visayas 
WesternVisayas(Region

VI) 
Bohol 

~500 
54,653 103,708 215,398 

74 123.969119 10.0243665 Ubay Visayas 
WesternVisayas(Region

VI) 
Bohol 

~500 
35,071 66,140 137,370 

75 124.401881 10.62925 CamotesMainGrid Visayas 
CentralVisayas(RegionV
II) 

Cebu 
86,811 

13,627 27,526 57,170 

76 123.643492 11.0793583 DoongIs. Visayas 
CentralVisayas(RegionV

II) 
Cebu 

1,293 
24,733 47,012 97,642 

77 123.894544 11.3438028 GuintarcanIs. Visayas 
CentralVisayas(RegionV

II) 
Cebu 

3,295 
29,409 55,776 115,845 

78 124.567942 10.8077833 Pilar Visayas 
CentralVisayas(RegionV
II) 

Cebu 
13,423 

11,654 22,283 46,280 

79 124.349611 11.7807389 Maripipi Visayas 
EasternVisayas(RegionV

III) 
Biliran 

7,775 
13,988,716 13,988,716 29,054,118 

80 125.064819 9.94746389 Limasawa Visayas 
EasternVisayas(RegionV

III) 

SouthernLeyt

e 6,554 
374,385 874,373 1,816,046 

81 124.364661 12.6731833 BiriIs. Visayas 
EasternVisayas(RegionV
III) 

NorthernSam
ar 7,067 

188,521 347,156 721,032 

82 124.181203 12.4236611 Capul Visayas 
EasternVisayas(RegionV

III) 

NorthernSam

ar 12,690 
1,467,235 1,617,422 3,359,334 

83 124.278947 12.4039167 SanAntonio Visayas 
EasternVisayas(RegionV

III) 

NorthernSam

ar 9,162 
848,287 1,121,862 2,330,072 



 
 

 

84 124.098361 12.2767806 
SanVicente/Desta

cadoIs. 
Visayas 

EasternVisayas(RegionV

III) 

NorthernSam

ar 3,704 
849,748 1,111,013 2,307,538 

85 125.042331 12.6487861 BatagIs. Visayas 
EasternVisayas(RegionV
III) 

NorthernSam
ar 8,910 

1,315,173 1,784,871 3,707,120 

86 124.289342 11.9045639 AlmagroIs. Visayas 
EasternVisayas(RegionV

III) 

WesternSama

r 8,821 
1,301,291 1,702,616 3,536,279 

87 124.448886 11.9251667 Sto.NinoIs. Visayas 
EasternVisayas(RegionV

III) 

WesternSama

r 10,471 
1,456,605 1,456,605 3,025,323 

88 124.160578 12.0467056 Tagapul-anIs. Visayas 
EasternVisayas(RegionV
III) 

WesternSama
r 8,952 

284,954 342,734 711,848 

89 124.840847 11.6459583 Zumarraga Visayas 
EasternVisayas(RegionV

III) 

WesternSama

r 18,467 
71,239 142,777 296,544 

90 124.432562 11.9666799 Camandag Visayas 
EasternVisayas(RegionV

III) 

WesternSama

r 3,819 
216,638 394,463 819,287 

91 124.291417 11.9254472 Biasong Visayas 
EasternVisayas(RegionV
III) 

WesternSama
r 8,821 

57,100 108,404 225,151 

92 124.335594 11.9451167 CostaRica Visayas 
EasternVisayas(RegionV

III) 

WesternSama

r 8,821 
208,601 622,594 1,293,109 

93 124.319336 11.9236611 Lunang Visayas 
EasternVisayas(RegionV

III) 

WesternSama

r 8,821 
1,962,896 1,962,896 4,076,873 

94 124.367639 11.9487611 KirikiteIs. Visayas 
EasternVisayas(RegionV
III) 

WesternSama
r 856 

134,075 260,800 541,674 

95 124.442978 11.8853083 Cabungaan Visayas 
EasternVisayas(RegionV

III) 

WesternSama

r 10,471 
47,492 84,284 175,055 

96 124.417772 11.8930083 Ilijan Visayas 
EasternVisayas(RegionV
III) 

WesternSama
r 10,471 

143,573 276,431 574,138 

97 124.461883 11.9047611 Takut Visayas 
EasternVisayas(RegionV

III) 

WesternSama

r 10,471 
84,756 160,382 333,109 

98 124.650561 11.9045 LibucanDacuIs. Visayas 
EasternVisayas(RegionV

III) 

WesternSama

r 979 
49,684 92,586 192,298 

99 124.702275 11.80655 Bagongon Visayas 
EasternVisayas(RegionV
III) 

WesternSama
r ~500 

75,915 134,168 278,662 

100 124.738931 11.8178417 Buluan Visayas 
EasternVisayas(RegionV

III) 

WesternSama

r ~500 
26,267 55,545 115,365 

101 124.69475 11.8243694 Cinco-Rama Visayas 
EasternVisayas(RegionV

III) 

WesternSama

r 735 
165,493 296,306 615,419 

102 125.717221 6.93662549 TalicudIs. Mindanao DavaoRegion(RegionXI) 
DavaodelNort
e 8,330 

223,726 552,564 1,147,658 

103 125.428503 5.416975 BalutIs. Mindanao DavaoRegion(RegionXI) 
DavaoOccide

ntal 11,485 
52,424 103,115 214,166 

104 125.605339 10.0442395 DinagatIs. Mindanao Caraga(RegionXIII) Dinagat 125,740 19,743 37,321 77,515 



 
 

 

105 125.535678 9.87133056 HikdopIs. Mindanao Caraga(RegionXIII) 
SurigaodelNo

rte 2,318 
174,600 319,313 663,202 

106 122.2517 6.98760833 SacolIs. Mindanao 
ZamboangaPeninsula(Re
gionIX) 

Zamboangade
lSur 9,621 

1,192,364 1,614,507 3,353,281 

107 121.990783 6.69754167 MainlandBasilan Mindanao ARMM Basilan 504,859 887,426 1,134,971 2,357,298 

108 119.7693 5.0221 Bongao Mindanao ARMM Tawi-Tawi 21,578 21,324,513 21,324,513 44,290,335 

109 119.884336 5.075675 PanglimaSugala Mindanao ARMM Tawi-Tawi 175,779 2,836,841 3,944,570 8,192,746 

110 118.498436 6.987075 Mapun Mindanao ARMM Tawi-Tawi 32,459 1,249,335 1,684,959 3,499,605 

111 119.838644 4.80323333 ManukMankaw Mindanao ARMM Tawi-Tawi 9,152 22,613,289 22,613,289 46,967,082 

112 119.801933 4.92366667 WestSimunul Mindanao ARMM Tawi-Tawi 33,236 439,331 608,188 1,263,187 

113 119.475667 4.84619444 Sibutu Mindanao ARMM Tawi-Tawi 39,567 384,551 477,111 990,944 

114 119.490297 4.70736667 Tandubanak Mindanao ARMM Tawi-Tawi 39,567 58,882,345 58,882,345 122,296,756 

115 119.403236 4.67942778 Sitangkay Mindanao ARMM Tawi-Tawi 33,072 27,323,950 27,323,950 56,750,974 

116 120.342061 5.16003333 Tandubas Mindanao ARMM Tawi-Tawi 3,965 1,327,229 1,589,742 3,301,844 

117 121.003147 6.05492778 JoloIs. Mindanao ARMM Sulu 694,482 1,961,101 2,762,755 5,738,154 

118 120.821397 5.54474167 Siasi Mindanao ARMM Sulu 65,043 164,338 356,648 740,747 

119 120.583506 6.30194014 Pangutaran Mindanao ARMM Sulu 19,029 1,654,337 2,589,672 5,378,667 

120 120.079721 5.26955968 Languyan Mindanao ARMM Tawi-Tawi 175,779 772,754 1,534,185 3,186,453 

121 118.74684 9.7683884 PalawanMainGrid Luzon 
MIMAROPA(RegionIV-

B) 
Palawan 

781,264 
672,325 1,171,023 2,432,178 

122 121.160443 13.3700047 OrientalMindoro Luzon 
MIMAROPA(RegionIV-

B) 

OrientalMind

oro 1,240,727 
1,645,207 2,203,024 4,575,611 

123 123.714243 11.1838269 
MainlandBantaya
n 

Luzon 
CentralVisayas(RegionV
II) 

Bantayan 
135,434 

493,014 1,155,043 2,398,987 

124 123.640789 12.3493428 MasbateMainGrid Luzon BicolRegion(RegionV) Masbate 676,691 52,722,239 53,402,020 110,914,296 

125 121.991892 12.416999 TablasIs. Luzon 
MIMAROPA(RegionIV-

B) 
Romblon 

172,848 
3,887,509 4,316,304 8,964,827 

126 123.527479 9.224404 Siquijor Visayas 
CentralVisayas(RegionV
II) 

Siquijor 
98,123 

141,696 317,179 658,771 

127 120.179513 12.050568 Coron Luzon 
MIMAROPA(RegionIV-

B) 
Palawan 

58,214 
313,922 915,814 1,902,116 



 
 

 

128 119.934063 12.131825 Busuanga Luzon 
MIMAROPA(RegionIV-

B) 
Palawan 

58,214 
238,198,236 238,334,306 495,012,768 

129 124.117172 11.330774 MalapascuaIs. Visayas 
CentralVisayas(RegionV
II) 

Cebu 
1,174 

248,557,711 249,006,421 517,178,412 

130 117.432239 8.53165 RioTuba Luzon 
MIMAROPA(RegionIV-

B) 
Palawan 

781,264 
26,859,421 26,859,421 55,786,162 

131 119.306093 11.007436 Liminangcong Luzon 
MIMAROPA(RegionIV-

B) 
Palawan 

781,264 
111,141,569 112,194,831 233,025,094 

132 119.334236 10.319468 Roxas,Palawan Luzon 
MIMAROPA(RegionIV-
B) 

Palawan 
781,264 

28,420,537 28,533,330 59,262,817 

 

 

 

 

 


