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Abstract: The Philippines aspires for a clean energy future, but the effectiveness of its existing
renewable energy (RE) targets and the role of emerging technologies remains uncertain. This
study examines potential pathways to decarbonise the Philippines' energy sector, assessing the
feasibility and economic implications of selected scenarios. The Open-Source Energy Modelling
System (OSeMOSYS) was used to model various scenarios, including a least-cost scenario, an RE
target scenario, a net-zero scenario, and scenarios investigating the impact of high and low
offshore wind growth, as well as the inclusion or exclusion of nuclear power. Present RE targets
were found to be insufficient to achieve significant emissions reductions, and suggested increasing
the RE target to 52.4% by 2035 as a more cost-effective option. Floating solar PV and offshore wind
showed notable potential as decarbonisation technologies, with high uptake in all scenarios. The
World Bank's high-growth wind target (around 38 GW by 2050) is shown to be cost-effective.
Achieving net-zero by 2050 proved technically feasible but highly capital-intensive, and will
require significant private sector investment. The addition of nuclear power offers limited benefits
in terms of cost savings and reducing emissions by 2050. The Philippines can improve its energy
transition ambitions by raising RE targets and strategically integrating new technologies. While
nuclear power may not be crucial, focusing on mobilising private capital and promoting
renewables remains key to achieving a cleaner and more secure energy future.

Keywords: Decarbonisation Pathways, Renewable Energy Targets, Net Zero, Floating Solar PV,
Offshore Wind, Least-Cost Planning

1. Introduction

1.1 Background

The global energy sector is responsible for nearly 75% of greenhouse gas
emissions, highlighting the urgency of its decarbonisation to mitigate the worst
effects of climate change [1]. The Philippines, an archipelago nation in Southeast Asia,
faces a complex challenge in balancing its rising energy demand, driven by a growing
service sector, with decarbonisation efforts [2]. Unlike its ASEAN counterparts, the
Philippines lacks a national policy commitment to Net Zero target for the energy
sector [3]. The nation has become increasingly reliant on imported fossil fuels in
recent years to meet energy demand (48.5% of the primary energy mix in 2021), and
is among the top four coal importers in 2023 [4, 5].

In an effort to move towards cleaner energy sources and away from import
dependence, which leaves the country vulnerable to price shocks and supply
disruption, the Philippines has defined targets to increase the uptake of renewable
energy, aiming for a 35% share of the power generation mix by 2030 and 50% by
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2040[2,6]. Additionally, the Philippines imposed a moratorium on new coal power
plant permits in 2020 [7]. Neither policy has yet to translate into a tangible decrease in
fossil fuel dependence. To address these challenges and move towards energy
independence, the Philippines is exploring the integration of emerging low-carbon
technology options into its energy mix. This study aims to evaluate the potential for
these technologies (offshore wind (floating and fixed), floating solar PV, in-stream
tidal, and nuclear power) to contribute to the energy transition in the Philippines,
and examine the feasibility of a net zero target.

This paper first presents the context and a literature review for the study
(Section 1), then details the methodology (Section 2), results (Section 3), and
discussion (Section 4). Section 4 covers key findings, policy insights, limitations, and
future research. The article concludes with closing remarks (Section 5).

1.2 Literature Review

A growing body of research explores pathways for a low-carbon energy
transition in the Philippines (Table 1). These studies highlight the potential for
achieving Net Zero, often emphasising solar PV as a crucial technology, and point to
potential benefits such as improved air quality and economic growth [8, 9, 10, 11, 12].
However, limited interconnection within Southeast Asia could pose challenges to
achieving this [9].

Table 1. Summary of existing research studies and key findings

Study Scope Key Findings
Global study modelling LOV;EZ:OT?SA) Zesrslieg/lvjble
Jacobson et al. (2018) pathways for 100% globally anlzl in the
renewable energy by 2050 Philippines

Zero GHG emissions
Global study for achieving | possible across all sectors,

Teske (2019) zero GHG emissions by potential challenges with
2050 interconnection for SE
Asia

System cost increase of
only 2.6% in renewable
target scenario,
diversification of supply

Assessment of low-carbon
Mondal et al. (2018) energy scenarios in the

Philippines (2014-2040) improves security and

decarbonisation efforts

Transition possible by
2050, solar PV and battery
storage key, possible to
gain >50% efficiency with
significant investment

Analysis of the
Philippines' transition to
100% renewable energy
(2015-2050)

Gulagi et al. (2021)

Assessment of clean Phasing out coal crucial

Alexander et al. (2023) .. . o .
energy transition scenarios for emission reduction,
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solar PV identified as a
key technology

in the Philippines
(2015-2070)

This study addresses gaps in previous research by assessing the technical
feasibility of achieving Net Zero targets, incorporating emerging technologies like
floating solar PV, fixed and floating offshore wind, tidal in-stream, and nuclear power
that are not currently utilised in the Philippines alongside existing options. Table 2
summarises the technical potential and challenges of identified emerging marine

technologies in the Philippines.

Table 2. Technical Potential and Challenges of Marine Energy Technologies in the Philippines [13]

Technology Potential Opportunities Challenges
Mature Leasing &
178 GW (160 GW technology, ermiﬁing d
Offshore Wind floating, 18 GW roadmap available, P & &
. connection, port
Fixed) good port e
. availability
infrastructure
Mature Leasing &
technology, o
competitive in permitting,
Floating Solar PV 83 GW P . political &
remote regions .
commercial
hurdles
High technology
readiness level, Logistical
Tidal In-Stream 40-60 CW c0§t decrease over challenges,
time, leverages knowledge gap,
existing requires subsidies
shipbuilding

1.2.1 Offshore Wind Roadmap and Nuclear Power Considerations

1.2.1.1 Offshore Wind Roadmap

The 2022 Philippines Offshore Wind Roadmap, a collaboration between the
Department of Energy (DOE) and the World Bank, highlights the country's
significant offshore wind potential (178 GW) and outlines two scenarios: "Low
Growth" targeting 2 GW by 2040 and "High Growth" aiming for 20 GW [14]. Both
scenarios employ a mix of fixed and floating offshore wind. While the high growth
scenario suggests promising opportunities for cost reduction, job creation, and local
investment, it's important to acknowledge that these scenarios haven't been
extensively modelled within the existing or projected energy system. This means
potential interactions and complexities with the existing infrastructure are not fully
considered.

1.2.1.2 Nuclear Power Considerations
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Regarding nuclear power, the Philippines currently lacks active projects but has
explored the option in the past, with the Bataan Nuclear Power Plant remaining non
operational since its construction in the 1970s [15]. Recent discussions have rekindled
interest, with consideration of a 2,400 MW nuclear capacity target by 2035 (utilising
Small Modular Reactors (SMRs)), and the consideration of the Bataan plant's revival
[16, 17]. However, public perception, regulatory hurdles, lack of local expertise, and
inherent geographical risks remain significant challenges for nuclear power adoption
in the Philippines [17].

1.3 Purpose and Significance

This study aims to:

1. Assess the feasibility of meeting current renewable energy targets and a Net Zero
target in the Philippines, from both a technical and economic perspective.

2. Analyse the contribution of offshore wind (floating and fixed), floating solar PV,
in-stream tidal, and nuclear power to Net Zero energy plans in the Philippines.

3. Provide policy recommendations based on the findings to guide the Philippines
energy transition, considering technological, economic, and environmental factors.

By shedding light on the viability and potential of emerging technologies and their
interaction with the existing energy system, this research aims to provide insights to
policymakers, industry stakeholders, and the wider scientific community dedicated
to shaping a cleaner and more resilient energy landscape for the Philippines.

2. Methodology

This section details the methodology employed in this study, adhering to the
principles of replicability and transparency. All data and protocols used in the analysis
will be made available to readers upon publication.

2.1 Modelling Approach: Open-Source Energy Modelling System (OSeMOSYS)

This study utilises OSeMOSYS (Open-Source Energy Modelling System), a widely
recognized tool for bottom-up, linear energy optimization modelling [18]. OSeMOSYS
seeks to determine the minimum net present value (NPV) cost for an energy system
while adhering to specified energy demands, system constraints, and policy objectives
[18]. Equation 1 representing this optimization is displayed below:

Minimise Z Total Discounted Costy¢
y.tr

Where y= year modelled, t= technology (power plant), r=region 1

yer = DiscountedOperatingCosts,, ., + )
+ DiscountedTechnologyEmissionsPenalty,,, ,

And where ¥, .. Total Discounted Cost
DiscountedCapitallnvestment

yibr
DiscountedSalvageValue,, .

https://doi.org/10.33774/coe-2024-bmfhz Content not peer-reviewed by Cambridge University Press. License: CC BY 4.0


https://doi.org/10.33774/coe-2024-bmfhz
https://creativecommons.org/licenses/by/4.0/

50f22

The model operates on a linear energy supply pathway, transforming primary
energy sources into usable fuels that power specific technologies to generate secondary
fuels and meet final energy needs. Its open-source nature facilitates transparency for
policymakers, enables further refinement, and allows for integration with other tools
[19].

2.2 Reference Energy System and Data Inputs

2.2.1 Base Model and Temporal Scope

The initial model was adapted from the Philippines OSeMOSYS Starter data kit,
created by [20]. The temporal scope was condensed from 96 to 8 time slices, representing
four distinct seasons (December-February, March-May, June-August,
September-November), further subdivided into day and night periods.

2.2.2 Model Structure and Technology Representation

The model incorporates sixteen existing commodities: coal, oil (separate
representations for spark-fired combined cycle, combined cycle with carbon capture and
storage, and off-grid), gas, biomass, solar PV (utility-scale, utility-scale with storage, and
standalone with storage), wind (onshore and onshore with storage), hydropower (large,
medium, small, and off-grid), geothermal, and nuclear. Parameters for existing
technologies (capital costs, fixed and wvariable costs, efficiency, capacity factors,
operational lifetimes, maximum capacity potential, and emissions intensity) were
consistent with the starter kit. To represent improvements through energy efficiency
measures, dedicated technologies were included in the model to reflect reduced energy
demand. Imported electricity was kept constrained to zero into the future, to ensure all
energy demand can be met through domestic production.

Four novel technologies were incorporated into the model to explore their potential
role in the energy transition: fixed offshore wind, floating offshore wind, floating solar
PV, and in-stream tidal. Key variables for these added technologies, including capital
cost, fixed cost, operational life, average capacity factor, and resource potential, are
presented in Table 3.

Table 3. Key Parameters for added Technologies. [13,14, 21-23]

Capital . Operation | Average | Resource
Fixed Cost . . .
Technology Cost (S/KW) al Life Capacity | Potential
($/kW) (Years) Factor (GW)
Fixed Offshore
Wind 2527 (2028) | 63.4 (2028) 30 0.37 18
Floatmg‘Of'fshore 3937 (2028) 30 30 037 160
Wind
Floating Solar PV 864.3 12.5 (2023) 30 0.165 82.6
& (2023) ' ' ‘
In-Stream Tidal [ 2967 (2030) | 62 (2030) 30 0.385 50

A diagram of the Philippines energy system as modelled in this study is shown in

Appendix 1.
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2.2.3 Data Inputs and Updates
2.2.3.1 Electricity Demand

Historical electricity demand data for the period 2015-2022 was sourced from the
latest Department of Energy Power Statistics Summary (2022) [24]. To project demand
for the period 2023-2050, linear growth rates were applied based on information
provided in the Philippines Power Development Plan (2020-2040) [25]. These projections
are further categorised into commercial, industrial, and residential sectors and are
presented in Figure 1.

Electricity Demand Projections
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Figure 1. Updated electricity demand by sector.
2.2.3.2 Generation
Historical generation values for 2022 were added to the model. Table 4 presents the

historical generation data for various power plants in the Philippines in 2022. This data
was obtained from the latest Department of Energy gross generation statistics per plant

type [26].
Table 4. Generation in 2022 from each plant type. [26]
Plant Type Generation (PJ)
Biomass 4.76
Coal 239.15
Geothermal 37.53
CCGT 2.65
SCGT 22.41
Natural Gas 64.38
Solar PV 6.56
Large Hydropower(>100MW) 26.11
Medium Hydropower (10-100MW) 3.87
Small Hydropower 1.02
Offgrid Hydropower 0.53
Onshore Wind 3.71
Offgrid Oil-Based 1.58
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2.2.3.3 Residual Capacity

Residual capacity projections for various power plants in the Philippines are
presented in Table 5. These projections are based on the latest information regarding
existing plant capacities, planned capacity extensions, and off-grid power generation,
considering the period from 2023 to 2050. [27-31]

Table 5. Residual Capacity in 2023, and projections to 2030 and 2050. [27-31]

Power Plant 2023 2030 2050
Coal Power Plant 12.7726 14.7776 14.1113
Natural Gas 4.2675 4.8794 2.4125
Large Hydropower Plant 3.83527 3.42327 3.42327
Medium Hydropower Plant 0.4694 0.42073 0.16093
Small Hydropower 0.14144 0.12704 0.07604
SCGT 2.93137 1.23747 0.35277
CCGT 0.65 0 0
Geothermal 1.9658 1.3463 0.1721
Onshore Wind 0.5369 0.7001 0.2732
Biomass Power Plant 0.68528 0.68948 0
Solar PV 2.02467 4.07528 3.41458
Gas Turbine 0.13 0.13 0
<lkw LFO generator 0.357568 0.255609 0.031128
Solar PV with storage 0.010139 0.010139 0.000761
Off-grid Hydropower 0.026625 0.026625 0

2.2.3.4 Resource Potential

The resource potential estimates for all energy sources in the Philippines modelled
are presented in Appendix 2 [13,14,20,21,32-37]. These values consider technical
feasibility, limitations, and variability factors for both fossil fuels and renewable energy
technologies.
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2.2.3.5 Costs

Table 5 presents the capital costs (in USD per kW) for various renewable energy
technologies in the Philippines as of 2021. These costs are based on information
provided by the International Renewable Energy Agency (IRENA) in their 2022
Renewable Power Generation Costs report [12,38]. Costs are projected using the same
method as a previous OSeMOSYS study [12].

Table 5: Capital Costs (USD/kW) for Renewable Energy Technologies [12,38]

Technology Cost
Onshore Wind 1325
Solar PV 857

CSP 9091

Small Hydropower 2000
Large Hydropower 2135
Geothermal 3991
Biomass 2353

2.3 Limitations of Model and Data Inputs
The model's input data is inherently subject to limitations arising from:

e Linear growth projections: While projections for residual capacity, demand, and costs
utilise linear growth, this approach may not fully capture real-world complexities
and unforeseen events (e.g., the COVID-19 pandemic).

e Proxies for missing data: In instances where specific data was unavailable, proxies
were used. For example, capacity factors for tidal power were borrowed from a
European study [24].

e Technology aggregation: Certain technologies are amalgamated with uniform
attributes, neglecting potential variations in associated costs and output. For example,
the model treats all subcritical and supercritical coal plants as having identical
characteristics.

e Homogeneous power plants: All power plants within a specific category are assumed
to share the same operational lifespan, which may not be completely realistic.

e Singular region representation: The model considers the Philippines as a single
region, overlooking potential geographical variations in both capacity and demand
across its islands.
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2.4 Scenario Definition

Several scenarios were designed to assess the economic and technical feasibility of
various decarbonisation strategies and analyse the impact of the newly added
technologies:

Unconstrained Least Cost (UNC): This baseline scenario does not impose any additional
constraints.

Renewable Energy Targets (RE): This scenario incorporates minimum constraints for
renewables (35% of generation mix by 2030, 50% by 2040), aligning with the Philippines'
existing renewable energy targets.

Net Zero (NZ): This scenario introduces a gradual restriction on fossil fuel imports by
2050, aiming to achieve net-zero CO2 emissions.

High Growth Offshore Wind (HGW): This scenario reflects the projections outlined in
the World Bank's offshore wind roadmap for high-growth development.

Low Growth Offshore Wind (LGW): This scenario reflects the projections outlined in
the World Bank's offshore wind roadmap for low-growth development.

Renewable Energy Targets, no Nuclear (RENN): This scenario replicates the renewable
energy target scenario but excludes nuclear power generation capacity investment.

Net Zero, no Nuclear (RENN): This scenario replicates the net zero scenario but
excludes nuclear power generation capacity investment.

2.5 Discount Rate
The model results present undiscounted fixed, variable, and operating costs.

Discounting equation (Equation 2) is applied to calculate the net present cost,
considering a 10% global discount rate applied over the modelling period (2022-2050).

28
. Undiscounted Cost
Discounted Cost = ) —m———
t=0 (1+7)

(2

where:
t: number of years after 2022 (28)
r: global discount rate (10%)

3. Results

Tables summarising key results are presented below. Full graphical representations of
power generation, installed capacity,capital costs and emissions for each scenario are
presented in Appendix 3.

3.1. Electricity Generation

Table 6 presents key findings regarding electricity generation. Across all scenarios,
generation is projected to increase significantly by 2050 to meet growing demand. The
Net-Zero (NZ) scenario exhibits the most significant rise (322%) compared to the base
year (2020) due to the electrification of transport and heating sectors, currently reliant on
fossil fuels (See appendix 3 for graphical representation of results).
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Table 6: Percentage of Energy Generation from key technology groups in key years.

% of Generation from
. UNC RE NZ LGW | HGW |[RENN | NZNN
different sources

Renewables in 2035 19.88% [52.40% |56.57% |23.89% |33.72% |54.44% | 56.57%
Renewables in 2050 29.59% 161.18% [92.67% [24.37% (50.24% |65.74% |100.00%
OSW in 2050 11.07% [22.71% |12.02% | 3.31% |28.56% [20.57% | 13.49%
Floating Solar PV in 2050 [16.20% [20.60% [11.34% [18.75% |19.36% [22.71% | 11.35%

Nuclear in 2050 0 7.33% (10.16% 0 0 0 0

e NZ scenario in 2050: Renewables account for 92.67% of generation, compared to
29.59% in the Unconstrained (UNC) scenario.

e  When minimum constraints for RE generation are set to 35% by 2030 and 50% by
2040, the least-cost solution adopts 52.4% of renewables in the energy generation mix
by 2035, and 61.18% by 2050.

e Over 10% of generation comes from the new technologies offshore wind and floating
solar PV in all scenarios except LGW.

3.2 Installed Capacity

Table 7: Installed Capacity in 2050, broken down into key technologies

Installed Capacity 2050
UNC RE NZ LGW |HGW |RENN [NZNN
(GW)
Total 1514 | 243.0 | 633.3 152.9 166.6 272.6 685.9
OSW 19.0 38.4 38.8 5.6 40.4 38.4 434
Floating Solar 62.2 78 82 72 73.6 78 82
Nuclear 0 7.7 10.6 0 0 0 0
Total Renewables 88.7 1925 | 605.7 85.1 122.3 219 669
79.21 | 95.66
Total % Renewable 58.58% o o 55.67% |73.40% |80.33% |97.54%

Table 7 breaks down the installed capacity in 2050 in each scenario. Renewable energy
technologies experience remarkable growth across all scenarios, with the NZ scenario
demonstrating the most significant expansion. By 2050, the NZ scenario installed
capacity rises to 605.7 GW to accommodate the transition to electric transport. Floating
solar PV and offshore wind make up a large proportion of this, reaching 82 and 38.8 GW
installed respectively by 2050. These technologies are positively favoured in all
scenarios, with a minimum of 19GW of offshore wind and 62.2GW of floating solar PV

installed by 2050.
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3.3 Emissions

Table 8: Emissions in 2050 in each scenario and total emissions reduction in comparison to UNC.

UNC RE Nz LGW [(HGW | RENN |[NZNN

Annual Emissions in 2050
(Thousand KG CO2)

769.68 | 466.89 0.0 802.50 |[639.65 | 477.84 0.0

% Total Reduction from
UNC scenario

0% [-23.37% |-47.39% ([+0.44% |-9.7% |-22.74% |-50.23%

Table 8 presents key results on emissions. The significant shift towards renewables
positively impacts emission reduction. Compared to the UNC scenario, all scenarios
except the LGW scenario demonstrate emission reductions by 2050:

e The NZ scenario achieves the most substantial reduction (50.23%) compared to UNC,
successfully transitioning away from fossil fuels and maximising renewable energy
generation.

e The Renewable Energy (RE) scenario achieves a 23.37% reduction from UNC,
however annual emissions remain high across the model period.

3.4 Costs

Table 9: Total Discounted Cost, Capital cost in each scenario.

UNC RE Nz LGW | HGW | RENN |NZNN

Total Discounted Cost

672.17 |$678.43 |$799.36 [$671.98 |$678.26 | $684.52 |$828.73
($USD Billion) 5 5 5 5 5 5 s

Discounted Capital Cost

63.10 | $90.47 |$297.74 | $63.38 | $73.59 | $86.96 |$319.21
($USD Billion) 5 5 5 5 5 5 s

Table 9 presents the total discounted and capital cost from each scenario. Achieving
net-zero emissions in the NZ scenario comes with significant capital costs. ) A Net Zero
target is highly capital intensive, with a discounted capital cost of $297.74 billion USD
over the model period. This is in large part due to investment in electric transport in
renewables from 2037 to 2050 (see Appendix 3) . The RE scenario demonstrates the
feasibility of achieving renewable energy targets without incurring significant additional
costs, with only a 0.93% increase in total discounted cost compared to UNC.

3.5 Impact of Nuclear Power

The inclusion of nuclear power does not have a strong impact on the total cost or
emissions reduction compared to the unconstrained scenario. Including nuclear minorly
effects installed capacity requirements.

e Emission Reduction (Table 8): Including nuclear power results in modest reductions
in emissions, with differences of 0.63% and 2.84% compared to non-nuclear scenarios.

e Cost (Table 9): The cost increase associated with discluding nuclear power is minimal
to achieve both RE and NZ targets (0.89% and 3.67%).
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e Installed Capacity (Table 7): Removing nuclear power in RENN and NZNN
scenarios leads to a 12.1% and 8.3% increase, respectively, compared to their nuclear
counterparts.

4. Discussion
4.1 Findings and Implications
Findings offer insights essential for policymakers and stakeholders:

Ambitious Renewable Energy Targets are Feasible: The results indicate that increasing
RE contributions to 52.4% by 2035 and 50% by 2040 can be achieved with minimal cost
increases in comparison to the Unconstrained (UNC) scenario. This suggests that current
RE targets for the Philippines are less ambitious than what is both technically and
economically feasible. Even with this increased renewable generation, emissions
reduction is under half the level in the Net Zero scenario. It is recommended that the
DOE adopt even more ambitious targets to induce an emissions decline, including
targets for floating solar and OSW technologies.

Net-Zero Transition is Capital Intensive: While achieving net-zero emissions by 2050 is
technically possible, the modelled scenarios demonstrate that it would necessitate
substantial capital investment—particularly for transitioning the transport sector
alongside renewable energy expansion. As state finance flows into renewable energy are
low (~8 million USD annually [39] ), the success of a transition will hinge on the
mobilisation of private capital for the energy sector. Therefore, it is recommended the
Department of Energy (DOE) implement financial and regulatory incentives to
encourage private capital mobilisation.

Offshore Wind is a Strategic Resource: Recommendations by the World Bank regarding
offshore wind development align with the Philippines' potential for this technology.
Model results consistently indicate both fixed and floating offshore wind as substantial
contributors to decarbonisation. Establishing specific capacity targets (in the range of
38-41 GW by 2050, attune with the HGW scenario) could maximise cost-effectiveness
and catalyse economic benefits associated with the introduction of the technology.

Limited Impact of Nuclear Power: The inclusion of nuclear power in the energy mix
does not significantly reduce emissions or total system cost to reach renewable energy
and net zero targets. Further, nuclear power's potential to reduce installed capacity
requirements could lead to overcapacity if not carefully managed. A thorough
cost-benefit analysis, factoring in socio-political complexities, environmental risks, and
potential opportunity costs, is recommended before considering nuclear integration.

Harnessing Potential of Emerging Renewable Technologies: Floating solar PV and
offshore wind exhibit significant potential across scenarios, and it is therefore
recommended that the Philippines focuses on the addition of these two technologies to
the energy mix. Prioritising grid connection infrastructure for floating solar PV, in areas
with high marine power potential, and developing a roadmap for the technology will
facilitate its seamless integration and prevent confining its application to off-grid areas.
For offshore wind, setting precise capacity targets is advised as explained above.
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4.2 Limitations and Future Research
4.2.1 Limitations

Data Uncertainties: Limitations of data inputs (highlighted in section 2.3) require a
cautious interpretation when translating results into actionable policy. Future work
should prioritise improving data quality and refining modelling assumptions to increase
robustness.

Need for Comprehensive Analysis: This study primarily investigates technical and
economic aspects of the energy transition. A broader assessment should include detailed
analyses of socio-political factors, environmental impacts, and the potential synergies
and trade-offs among different energy sources and technological interventions.

4.2.2 Opportunities for further research

While the study indicates the importance of transport transition to achieving net zero,
further investigations are needed to evaluate the impact of policy and fiscal incentives
on the transition costs for both the transport sector and the uptake of renewables.
Regarding nuclear energy, a more detailed cost benefit analysis is required before its
integration into the Philippines’ energy landscape, due to socio political challenges and
high capital costs, as it is not crucial for a successful energy transition.

5. Conclusions

This study used OSeMOSYS to investigate pathways to decarbonise the energy
sector in the Philippines'. The research uncovered several key findings;

e Current renewable energy (RE) targets are not sufficiently ambitious to achieve a
significant emissions reduction by 2050. Increasing the share of RE to 52.4% by 2035 is
a feasible and cost-effective target, but even more ambitious goals are necessary to
achieve a decline in CO2 emissions by mid-century.

e Emerging technologies floating solar PV and offshore wind show great potential in
the Philippines. Adopting the World Bank's high-growth wind target (around 38 GW
by 2050) and prioritising the integration of floating solar can contribute significantly
to decarbonisation efforts.

e Achieving net-zero emissions by 2050 is technically feasible but comes with
challenges. The transition requires substantial capital investment, especially in the
transport sector. Mobilising private finance alongside specific policies and incentives
is vital for success.

e The role of nuclear power in the transition should be carefully evaluated. While its
use can reduce capacity requirements, its integration does not notably impact the
emission profile or the overall investment needed to achieve renewable energy targets
and net zero. A comprehensive cost-benefit analysis should be undertaken
subsequent to its deployment due to socio-political concerns and high upfront costs.

In conclusion, by raising its RE targets, strategically implementing floating solar PV
and offshore wind technologies, and implementing fiscal incentives for investment in
renewables and electric transport, the Philippines can progress towards a more secure
and sustainable energy future.
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Figure Al. Reference energy system diagram (RES) for the Philippines energy system updated from the starter data kit [20].
Rectangles represent technologies while solid lines represent energy carriers. Note: Energy imports are removed from the model.

https://doi.org/10.33774/coe-2024-bmfhz Content not peer-reviewed by Cambridge University Press. License: CC BY 4.0


https://doi.org/10.33774/coe-2024-bmfhz
https://creativecommons.org/licenses/by/4.0/

18 of 22

Appendix 2
Table A1. Technical Potential for Coal, Crude oil, Natural Gas, and Biomass. [32,33]
Technology | Potential (P])
Coal 7620.156
Crude Oil 611.79
Natural Gas 3675
Biomass 136.7584
Table A2. Technical Potential for Renewable Technologies. [13,14,20,21,34-37]
Technology Potential (GW)
Large Hydropower 14.6808
Medium Hydropower 1.89705
Small Hydropower 0.42002
Mini Hydropower (off-grid) 0.03731
Geothermal Power Plant 4.407
Onshore Wind 61.8
Fixed Offshore Wind 18
Floating Offshore Wind 160
Solar PV 337.2
Off-grid Solar with Storage 337.2
Floating Solar PV 83
Solar PV with storage 337.2
CSP 0
Tidal In-stream 50
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