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Foreword

The Department of Energy (DOE) envisions a Philippine energy
industry that is globally competitive in utilizing energy in order to
create wealth and transform the lives of the Filipinos.

Endowed with an abundant renewable energy (RE) resource, the
Philippines is committed to its development and utilization. Consistent
with the Philippine Energy Plan, the DOE seeks to fully harness all of
its indigenous resource, including the variable renewable energy
(VRE).

In view of the increasing solar and wind VRE projects in the pipeline,
the DOE sees the need to have a clear direction on how to optimize their
development and use. Given the intermittency and technical limitations,
these VRE resources may adversely affect the reliability of the
Philippine power system.

This Grid Integration Study serves as a positive development in achieving energy security, self-
sufficiency, and a low carbon future. Given a different set of scenarios, this study addresses the concerns
on VRE penetration, grid integration and the impact on the reliability of the Luzon and Visayas grids.
Completed through the active participation of other Philippine government agencies and the private
sector, it provides holistic insights and data-based policy recommendations.

The DOE and the members of the Technical Advisory Committee (TAC), would like to thank the United
States Agency for International Development (USAID), the US - National Renewable Energy
Laboratory (NREL), and USAID-Building Low Emission Alternatives to Develop Economic Resilience
and Sustainability (B-LEADERS). Without your assistance, the conclusion of this study would not be

possible.
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Executive Summary

The Republic of the Philippines is home to abundant solar, wind, and other renewable energy (RE)
resources that contribute to the national government’s vision to ensure sustainable, secure, sufficient,
accessible, and affordable energy. Because solar and wind energy increase variability and uncertainty
in the power system, significant generation from these resources necessitates an evolution in power
system planning and operation. To support Philippine power sector planners in evaluating the impacts
and opportunities associated with achieving high levels of variable RE penetration, the Department of
Energy of the Philippines (DOE) and the United States Agency for International Development (USAID)
have spearheaded this study, which seeks to characterize the operational impacts of reaching high solar
and wind targets in the Philippine power system, with a specific focus on the integrated Luzon-Visayas
grids.’

This study highlights five key findings:

1. RE targets of 30% and 50% are achievable in the power system as planned for 2030. Achieving
these high RE targets will likely involve changes to how the power system is operated.

2. System flexibility will contribute to cost-effective integration of variable RE.

3. Achieving high levels of solar and wind integration will require coordinated planning of
generation and transmission development.

4. Strategic, economic curtailments of solar and wind energy can enhance system flexibility.

5. Reserve provision may become an issue regardless of RE penetration. Additional qualified
reserve-providing facilities (QFs), including from solar and wind generators, and/or enhanced
sharing of ancillary services between the Luzon and Visayas interconnections will likely be
needed.

Scope and Methodology

This grid integration study uses a production cost model as the primary tool to understand the impacts
of increased variable RE on future power system operations. With insights and guidance from the
technical advisory committee (TAC), which broadly represents the Philippine power sector, this study
focuses on the temporal- and location-specific operational impacts of several scenarios representing the
power systems that may serve Luzon and Visayas in the year 2030. The model scenarios are summarized
in Table ES-1. The scenarios for 2030 are based on a validated model of the Luzon-Visayas system in
2014, which represents the Reference Case. The scenarios for 2030 add load, generation, and
transmission to the 2014 Reference Case according to power sector development plans at the time this
analysis was conducted (mid 2016). High RE scenarios extend the 2030 case by adding solar and wind
energy generation capacity according to different siting strategies to meet the various RE targets.

For each scenario, the production cost model simulates the hourly scheduling of least-cost electricity
for one year under representative weather, load, and outage conditions, while adhering to the physical
constraints of the generation fleet and transmission network. The transmission network and
conventional generation fleet remain constant for all scenarios representing 2030 systems; different
scenarios are created by adjusting the quantity and location of variable RE generators.

! This study was formalized via DOE’s issuance of Department Circular 2015-11-0017, “Creating a Technical
Advisory Committee and Modeling Working Group to Enable Variable Renewable Energy Integration and
Installation Targets” (DOE 2015).
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Table ES-1. Core Scenarios

Scenario Renewable energy penetration (as a Solar and wind siting
percentage of annual electricity demand)® | strategy

2014 Reference Case | 25.7% Existing locations

2030 Base Case 15.0%" Existing and planned
(committed) locations

2030 BR30 30% (target) Best resource

2030 lowTX30 30% (target) Minimize transmission
impacts of new RE

2030 BR50 50% (target) Best resource

2030 lowTX50 50% (target) Minimize transmission
impacts of new RE

@ Renewable energy penetration includes generation from biomass, geothermal, hydropower, solar, and wind
energy resources. However, each of the high RE scenarios achieves its RE penetration target (30% or 50%) by
adding only new solar and wind capacity to the total installed RE capacity captured in the Base Case. Based on
feedback from the TAC and DOE’s Renewable Energy Management Bureau, all four high RE scenarios assume
that 60% of the generation from new variable RE will be met by solar, and 40% will be met by wind. See Table
ES-3 for the penetration of variable RE that results from each scenario.

b| ower penetration in the Base Case relative to the 2014 Reference Case primarily reflects impacts of higher
demand and limited new RE capacity expansion in 2030.

Table ES-2 summarizes the scope and limitations of this effort, which are in part driven by data
availability. This study is intended to provide an empirical basis for understanding the potential impacts
of high RE penetration levels and the extent to which a variety of strategies can improve the efficiency
of variable RE integration. By focusing on the operational costs and impacts associated with high RE
penetration scenarios, this study is intended to be complementary to other efforts that address different
aspects of RE integration, including least-cost capacity expansion planning (with its focus on
minimizing total costs of the power system, including fixed costs) and system stability analysis (e.g.,
contingency response, real and reactive power flow).
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Table ES-2. Scope and Limitations

This study does:

This study does not:

Optimize hourly scheduled dispatch of the
Luzon-Visayas system to minimize operating
costs.

Include analysis of costs and impacts at the sub-
hourly level.

Use existing national generation and
transmission expansion plans and projections
of electricity demand as the basis for all 2030

scenarios.?

Optimize or otherwise evaluate generation and
transmission capacity expansion based on
capital costs.

Evaluate operational impacts associated with a
limited number of solar and wind siting
strategies.

Optimize the siting of future solar and wind
generators.?

Identify periods of system stress (e.g., hours
characterized by very high levels of non-
synchronous generation).

Analyze system stability and reliability (including
contingency response, real and reactive power
flow, and voltage).

Represent physical characteristics and
constraints of the Luzon-Visayas system at the
transmission level (enforcing transmission lines

with voltage ratings greater than or equal to
138 kV).

Include representation or analysis of the
distribution system, including embedded
generation.

Analyze how select changes to solar and wind
generator locations and conventional power
plant flexibility, transmission, and reserve
holdings impact efficient variable RE
integration.

Analyze several additional potential sources of

power system flexibility, including demand-side

management, solar and wind power forecasting,
and storage.

Inform policy, system and market operational
changes, and technologies that can contribute
to a flexible power system that enables the
integration of variable RE.

Directly address policy considerations (e.g., RE
incentives or retail tariff implications) or evaluate
the cost-effectiveness and implementation
considerations associated with specific grid-
integration strategies (e.g., how markets,
regulations, or contracts might need to be
revised).

a With the exception of the magnitude and location of additional solar and wind generation in the high RE
scenarios, which were determined based on guidance from the Technical Advisory Committee.

b While the site selection approach attempts to select the best resources based upon annual energy production
estimates, subject to land use restrictions and other site selection constraints, the method does not solve a
mathematical program to optimize the selection of variable RE resources. Additionally, the site selection
approach does not evaluate the efficient resource quantity, in absolute terms or relative to existing resources,

required to meet system requirements.

Key Findings and Implications for Power Sector Planners

Five key findings resulted from the scenario and sensitivity analyses undertaken through this modeling
effort, with several implications for Philippine power sector planners.

Finding 1: RE targets of 30% and 50% are achievable in the power system as planned for

2030. Achieving these high RE targets will likely involve changes to how the power system
is operated.

This study did not find a technical limit to RE penetration: the modeled 2030 Luzon-Visayas system
can balance all four high RE scenarios on an hourly basis. This finding indicates that the planned 2030
system has the technical capability to reach a 50% RE target, even when the majority of this RE (up to
37% of annual load) comes from variable solar and wind. Figure ES-1 shows annual modeled generation



in 2030 by each generator type in the Luzon-Visayas system for each 2030 scenario. Table ES-3
summarizes total annual RE penetration, annual variable RE (i.e., solar and wind energy) penetration,
and curtailment in each of the 2030 scenarios.
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Figure ES-1. Annual Luzon-Visayas system generation by generator type for all five 2030
scenarios

Table ES-3. Annual RE Penetration, Solar and Wind Energy Penetration, and Curtailment in All
2030 Scenarios

Scenario Annual RE Annual solar and wind Annual solar and wind
penetration energy penetration energy curtailment

Base Case 15.0% 2.1% 0%

BR30 30.1% 17.5% 1.0%

lowTx30 29.9% 17.3% 1.9%

BR50 47.9% 35.9% 7.6%

lowTx50 48.8% 36.8% 4.4%

Importantly, all modeled 2030 scenarios assume the addition of generation and transmission capacity
based on existing power sector development plans outlined by DOE and the National Grid Corporation
of the Philippines (NGCP). These additions represent significant expansion beyond the power system
infrastructure that exists today and will aid the integration of variable RE, likely resolving some of the
integration-related issues that have been observed since 2014.

In the 2030 scenarios, variable RE displaces generation primarily from coal and natural gas, leading to
an [/8%—40% reduction in thermal fuel consumption and a 19%—41% reduction in greenhouse gas
emissions relative to the Base Case. In addition, because of the increased variability associated with
higher levels of variable RE, the 30% and 50% RE scenario results show several operational changes
relative to the Base Case. For example, conventional generators (especially coal and natural gas) start
and stop more frequently, spend more time at their minimum stable output levels, and experience more
significant ramps. These changes—which are most significant in the 50% RE scenarios for natural gas
and coal—impact the capacity factors of different generator types. Notably, the capacity factor of
natural gas and coal plants decline in all high RE scenarios relative to the Base Case.
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Finding 2: System flexibility will contribute to cost-effective integration of variable RE.

The operational changes associated with the high RE scenarios highlight the crucial role of power sector
flexibility? in achieving significant levels of variable RE on the grid. Numerous options are available
to improve the flexibility of the Philippine power system and will involve a balance between adjusting
institutional practices and making capital investments. Accessing and utilizing the inherent flexibility
of existing resources represents the most cost-effective initial pathway to enabling the efficient
integration of variable RE. For example, optimal scheduling of the generation fleet according to
technical generator capabilities will contribute to cost-effective integration of variable RE. Figure ES-
2 shows an extreme example of how the hourly scheduling of the conventional fleet changes in the 2030
BR30 and BR50 scenarios relative to the 2030 Base Case, focusing on a day when peak demand occurs
after the sun has set. New or updated regulations, policies, and/or market mechanisms (for instance,
flexibility-related products in the Philippines’ new ancillary service market) may be required to
encourage this high level of flexible operation of generators.

2 Flexibility refers to the ability of the power system to respond to changes in electricity load and generation.
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Figure ES-2. Hourly generation schedule on November 17 (Visayas evening peak day) in the
Base Case, BR30, and BR50 scenarios

For new generation assets, selecting the most flexible technologies will help achieve a modern and
responsive fleet that can meet a variety of goals. In addition, adopting best practices for reliable and
efficient power system operations will help to integrate variable RE resources. The Philippine power
sector is already implementing and/or planning several actions that will enhance flexibility in the near
term. For example, NGCP recently implemented a wind and solar power forecasting program, and the
Philippine Electricity Market Corporation is adding sub-hourly resolution to the market and will soon
open ancillary service markets that will enable the co-optimization of energy and dispatchable reserves
scheduling. Flexibility can be further enhanced by expanding the market to co-optimize the scheduling
of energy and all operational reserve products, including primary and secondary reserves. Over the
longer term, additional investments in transmission, demand response, and storage may also help to
enhance the utilization of variable RE, especially if the Philippines seeks to enable very high levels of
variable RE (e.g., a 50% RE target).

Beyond enabling the integration of solar and wind generation, flexibility is a critical component of
overall electricity sector modernization and benefits the objectives of the Philippine power sector,
including improved reliability and resilience, diversification of energy sources, reduced environmental
impacts, utilization of indigenous resources, and reduced cost to the consumer. Power sector decision
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makers can therefore achieve multiple objectives by targeting system flexibility in operations and
planning procedures.

Finding 3: Achieving high levels of solar and wind integration will require coordinated

planning of generation and transmission development.

This study evaluated two approaches to siting new solar and wind generators: the Best Resource (“BR”)
scenarios site these generators in the areas of Luzon and Visayas that have the best solar and wind
resources, regardless of transmission availability, while the Minimize Transmission Impacts (“lowTx”)
scenarios site RE generators in areas that seek to minimize the need for new transmission capacity. At
30% RE penetration, the difference between the modeled results of the BR30 and lowTx30 scenarios
are negligible for most metrics, and total annual curtailment’ of solar and wind is less than 2% in each
scenario. These results imply that at a 30% RE penetration, the 2030 power system is flexible enough
to manage the impacts when variable RE resources are distributed across the power system based on
either approach to RE siting. However, at 50% RE penetration, the differences between the results of
BR and lowTx scenarios become more pronounced. Perhaps most notably, annual curtailment in the
BR50 scenario (7.6%) is significantly higher than that of the lowTx50 scenario (4.4%). Driven at least
in part by these higher levels of variable RE curtailment, variable costs and thermal fuel consumption
are 1.4% and 1.7% higher in the BR50 scenario relative to the lowTx50 scenario, respectively.

The results of the lowTx50 scenario indicate that the Philippines can achieve high RE levels while
minimizing issues such as transmission congestion and curtailment by encouraging solar and wind
development in robust areas of the planned 2030 transmission system. Thus, strategically siting solar
and wind generation can reduce the need for transmission investments that would otherwise be needed
to manage curtailment, especially at very high (e.g., 50%) RE penetrations.

On the other hand, the BR scenarios identified several zones that are home to some of the Philippines’
highest quality RE resources but where planned transmission may be insufficient to utilize these
resources to their fullest potential. When the transmission flow limits of 22 congested lines are increased
by 50% above their original rated capacities to simulate the impacts of additional transmission capacity,
RE curtailment in the BR50 scenario falls from 7.6% to 3.8%. Recognizing that the Philippine
transmission planning process is dynamic and will involve numerous iterations between the publication
of this study and 2030, this study highlights opportunities for additional strategic investments in
transmission infrastructure (e.g., network expansion or upgrade) that can help to facilitate development
of the Luzon and Visayas interconnections’ highest-quality RE resources to enable the lowest-cost solar
and wind resource integration. To improve the ability of the Philippine power system to take advantage
of the country’s lowest-cost indigenous solar and wind resources, power system planners can consider
more closely coordinating the clean energy generation and transmission system planning processes.

This study did not seek to optimize solar and wind siting (nor the magnitude of installed capacity for
each of these resources) so should not serve as the sole basis of decisions regarding ideal locations of
future solar and wind power plants. Philippine power sector planners can further evaluate different
approaches to siting new RE resources through capacity expansion modeling activities, which provide
insight into development trajectories and guide policy design to achieve the desired outcome.

3 In this study, curtailment is calculated by subtracting modeled solar and wind energy generation from available
solar and wind energy over a particular period. Percent curtailment is curtailment divided by total available solar
and wind energy.
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Finding 4: Strategic, economic curtailments of solar and wind energy can enhance system

flexibility.

Solar and wind curtailment occurs in all high RE scenarios, though at different levels depending on RE
penetration and locations, as shown in Table ES-3 and Figure ES-2. Drivers of curtailment include
transmission flow limits, lack of conventional generator flexibility, and conventional generator startup
and shutdown costs. Minimizing curtailment is an important step towards lowering the cost of operating
the power system and can help address stakeholder concerns regarding revenue sufficiency of RE
generators. However, curtailment need not be zero for successful solar and wind integration; in fact,
strategic curtailment is an important tool that the power system operator can draw upon to support
flexible, economic power system operation without investing in the generation and transmission
infrastructure necessary to eliminate curtailment.

Under current Philippine laws and regulations, the system operator can curtail solar and wind for
reliability reasons; however, RE generation receives preferential dispatch, which prevents the economic
curtailment of variable RE, such as when curtailing RE is cheaper from a system perspective than
shutdown and startup costs associated with reducing generation from a coal plant. As the Philippines
increases the penetration of variable RE on the power system, economic curtailment of solar and wind
generation will become an increasingly important source of power system flexibility. Enabling strategic,
economic curtailment may involve reviewing and, if necessary, revising laws, rules, and operational
practices that mandate preferential RE dispatch. It may also involve updating power supply agreements
with solar and wind generators to enable economic as well as reliability-related curtailment by the power
system operator.

Finding 5: Reserve provision may become an issue regardless of RE penetration. Additional

QFs, including from solar and wind generators, and/or enhanced sharing of ancillary
services between the Luzon and Visayas interconnections will likely be needed.

While a full reliability analysis is beyond the scope of this study, the 2030 scenarios identify potential
impacts of high RE scenarios on certain elements of reliability—namely, the holding of reserves. Figure
ES-3 shows the annual modeled reserve provision in each of the 2030 scenarios. These scenarios assume
the provision of downward reserves from wind and solar generators. Based on these results, the 2030
Luzon-Visayas system may face reserve shortages in all scenarios. Reserve shortages are particularly
large for upward reserves—especially in the Visayas interconnection—under the requirements assumed
in this study. Reserve shortage results from two related factors: the capacity adequacy of the system
and the availability of QFs.
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Figure ES-3. Annual modeled reserve provision by reserve product in the Luzon and Visayas
grids

Annual reserve provision is expressed as a percentage, which is calculated by dividing the simulated annual
provision by the requirement for each reserve product in each of the two grids.

Sensitivity analyses indicate that qualifying more generators to provide ancillary services and enhancing
the capability to share reserves across the high-voltage direct current cable that connects the Luzon and
Visayas interconnections will help reduce reserve shortages in 2030. The definition of reserve
requirements, and the ability of QFs to provide fast-response capabilities, will help ensure reliable
system operations and enable variable RE integration. Thus, procuring and/or accessing flexible
capabilities of conventional generators will be crucial to meeting high RE goals. Furthermore,
broadening generation planning to consider not only forecasted peak demand but also the necessary
flexibility to respond to net load variability will help create a framework in which these procurement
decisions can be evaluated.

This study also demonstrates that variable RE (specifically, wind plants) can contribute to ancillary
service provision. The implementation of these technologies can enable solar and wind generators to
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help supply grid services. New or updated institutional measures such as grid codes and power supply
agreements may be needed to encourage new variable RE generators to implement technical capabilities
to provide a variety of reserves.

Conclusions

This study has delineated various impacts of RE integration on system operation and provides insight
to ongoing discussions within the Philippine electricity industry on the promises and implications of
increased variable RE (wind and solar) integration. The study confirms, for the case of the Philippines,
what an increasing number of similar count