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1. INTRODUCTION 

 

A widely-used approach for classifying energy storage systems is the determination 

according to the form of energy used. Figure 1-1 shows the classification of energy storage 

systems into mechanical, electrochemical, chemical, electrical and thermal energy storage 

systems1.  

 

 

Figure 1-1 | Classification of Energy Storage Systems According to Energy Form (Source: See 

footnote 1) 

 

Each of these energy storage technologies is at varying stages of development and 

deployment and   its technical performance differs by type. Figure 1-2 shows which energy 

storage technology is developing, developed and mature.  

 

                                                
1 "Electrical Energy Storage." International Electrotechnical Commission White Paper. (2011): n. pag. 

http://www.iec.ch. Web. 
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Figure 1-2 | Development Status of Energy Storage Technologies (Source: See footnote 2) 

 

Among these energy storage technologies, pumped hydroelectric storage provides the 

most mature and commercially available solution to bulk energy storage. It is the most 

widely adopted utility-scale energy storage technology2. The term utility-scale energy 

storage refers to storage devices of sufficient power and energy rating to be of significance 

to the planning and operation of an electric power utility. To be of significant benefit as a 

generation alternative, an energy storage system should have sufficient energy storage 

capability3.  

 

Different types of energy storage are suited to different discharge times, from seconds to 

seasons. For a particular discharge time-frame, the suitability of an energy storage 

resource is determined by its power density and energy density.  

 

“Power density refers to the ability of energy storage technology to provide 

instantaneous power. A higher power density indicates that the technology can 

discharge large amounts of power on demand.  

                                                
2 C.J. Yang. “Pumped Hydroelectric Storage”. Duke University, Durham, North Carolina 27708, USA. 

3 New Zealand Electricity Commission. "An Appraisal of New and Renewable Generation Technologies as 

Transmission Upgrade Alternatives”. 19 December 2005. 
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Energy density refers to the ability of the technology to provide continuous energy over 

a period of time. A high energy density indicates that the technology can discharge 

energy for long periods.” 4  

 

In general, technologies with the highest power densities are likely to have lower energy 

densities. This means that these technologies can discharge enormous amounts of power, 

but only for a short time. Similarly, technologies with the highest energy densities are likely 

to have lower power densities, meaning they can discharge energy for a long time, but 

cannot provide massive amounts of power immediately. This quality gives rise to a division 

of energy storage technologies into categories based on discharge times as shown in 

Figure 1-3.  

 

 

Figure 1-2 | Comparison of Rated Power, Energy Content and Discharge Time of Different Energy 

Storage Technologies (Source: See footnote 4)  

 

 

                                                
4 International Electrotechnical Commission. White Paper on “Electrical Energy Storage”. 2011. 
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Energy storage technologies have different applications depending on the type of system. 

In general, applications for energy storage technologies include load management, 

spinning reserve, system stability and voltage regulation, renewable energy applications 

and end use applications.5 Figure 1-4 shows the power requirement (in MW capacity) vis-

à-vis the discharge duration for some application of energy storage6. 

 

 

Figure 1-3 | Power Requirement vs. Discharge Duration for Some Applications in Today’s Energy 

Systems (Source: See footnote 6) 

  

An energy storage unit can participate in electricity markets in a number of ways, 

depending on its energy storage and delivery characteristics. Despite numerous advances 

in energy storage technologies and technical benefits offered, markets have not yet 

adopted energy storage applications other than pumped hydro on a large scale. At present 

there are several non-hydro energy storage technologies at varying stages of maturity 

available at the utility scale.7 

 

                                                
5 New Zealand Electricity Commission. "An Appraisal of New and Renewable Generation Technologies as 

Transmission Upgrade Alternatives”. 19 December 2005. 

6 International Energy Agency. “Technology Roadmap Energy Storage”. 19 March 2014. 

7 Walawalkar, Rahul, Jay Apt, and Rick Mancini. "Economic of Electric Energy Storage for Energy Arbitrage and 

Regulation in New York." Carnegie Mellon Electrify Industry Centre Working Paper. 
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In the Philippines, the initial energy storage integrated in the grid and registered as 

generating facility in the WESM is Kalayaan pumped storage plant (“Kalayaan”). Recently, 

AES Philippines expressed its interest to integrate a 10-MW battery energy storage in the 

Luzon grid with the intent to participate in the WESM. In the Philippines, battery energy 

storage is a fairly new technology. On 30 June 2016, the Market Operator issued an 

advisory that the new 10 MW Masinloc Energy Storage Project has been modelled in the 

market network model, following the submission of required documents for registration in 

the WESM. 

 

With the entry of new technologies such as battery energy storage systems, there is a 

need to review the applicability of market rules and the present policies on the same. Also, 

considering the objective to have a competitive market that would attract new investments 

for energy supply, participation in the WESM of non-conventional new technologies similar 

to battery energy storage is inevitable. In this regard, providing a framework of participation 

of battery energy storage systems in the market could open up opportunities for additional 

energy supply. 

 

 

1.1. Background 

 

In reference to the proposed amendments to the WESM Rules on generation company 

reserve/offers submitted by the AES Philippines, the Rules Change Committee 

requested assistance from the Technical Committee in determining the classification 

of a battery energy storage system, whether as: “(a) a generation company certified 

as ancillary service provider; or  (b) purely ancillary services provider”8. In its response 

to the Rules Change Committee, the Technical Committee opined that based on the 

technical capability of   battery energy storage systems and the current definition in the 

WESM Rules of a generation company, battery energy storage can function as a 

generation company with scheduled generating units that can provide both ancillary 

services and energy instead of purely ancillary services9. 

                                                
8 TC-RSTR-2014-02 “RCC Request for Assistance”. 14 October 2014. (See Appendix B.2) 

9 COR-INT-TC-14-08 “TC Response to RCC”. 18 December 2014. (See Appendix B.2) 
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Noting the need for a policy direction on the matter in view of the imminent entry of 

battery energy storage systems in the grid, the Energy Regulatory Commission issued 

ERC Resolution No. 09 Series of 201510, which classified the battery energy storage 

system as a new source of frequency control ancillary services and exempted the 

same from the conduct of a system impact study11. In view of the said Resolution, the 

Technical Committee initially decided to focus its study on the role of battery energy 

storage systems as ancillary services providers. However, in a Rules Change 

Committee subcommittee meeting held on 12 January 2016, wherein the Technical 

Committee was invited to join, AES Philippines presented a letter from the Energy 

Regulatory Commission stating that battery energy storage did not fit strictly into any 

of the classifications defined under the current regulatory regime. The letter further 

stated that given the nature of its operations, the classification of battery energy 

storage would fall within the area of generation, in which case, a certificate of 

compliance may be the appropriate regulatory authorization, but noted that battery 

energy storage may not be able to comply with certain provisions required under the 

2014 Certificate of Compliance Revised Rules due to it being a new technology. As 

such, while the Energy Regulatory Commission may identify applicable exceptions to 

the said rules, additional requirements may have to be applied for battery energy 

storage given the circumstances. 

 

In view of the above, the Technical Committee decided to take into consideration in its 

study the role of a battery energy storage system as both an ancillary services provider 

and generator. 

                                                
10 ERC Resolution No. 09 Series of 2015 -- A Resolution Adopting the Recommendations of the Grid Management 

Committee (GMC) Classifying the Battery Energy Storage System as a New Source of Frequency Control Ancillary 

Services and the Exemption thereof from the Conduct of System Impact Study. 18 May 2015. 

11 In the ERC Resolution No. 09 Series of 2015, the Grid Management Committee reasoned that the purpose for 

which the system impact study should be conducted is not much of a necessity in the context of a battery energy 

storage system considering that: (1) the power flow analysis which is conducted in order to ensure that thermal 

limits are not breached can be remedied by simply allocating the capacity that can be accommodated by the 

transmission line; (2) batteries produce direct current, which flows only in one and same direction. Hence, the 

possible occurrence of short circuit is slim and has negligible impact to the grid; and (3) as to the dynamics, the 

battery energy storage system is static and will only be used for frequency regulation, thus, it cannot cause 

instability to the grid. 
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1.2. Objective  

 

The objectives of this report are as follows:  

 

(1) To describe the operation of battery energy storage highlighting benefits and 

challenges in the adoption of this type of resource;  

(2) To present a review of battery energy storage adoption in other electricity 

markets;  

(3) To emphasize grid-related and market-related issues with this technology; and  

(4) To provide recommendations for the adoption of this technology including its 

classification for the Philippine electricity market.   

 

 

1.3. Scope  

 

Though there are various types of energy storage, this report only specifically covers 

the battery energy storage system. Other types of energy storage systems are partly 

mentioned but not discussed in detail. In addition, only utility-scale battery energy 

storage is considered in this report. 

 

 

2. OVERVIEW OF BATTERY ENERGY STORAGE SYSTEMS 

 

A battery energy storage system consists of a battery device, power conversion system 

and associated battery monitoring and control equipment. These are in addition to the 

traditional switchgear and metering apparatus. Batteries use chemical reactions with two 

or more electrochemical cells to enable the flow of electrons. It charges when excess 

power from the grid is available and later discharges to the grid as needed12. It acts as a 

demand (consumer of electricity) when energy from the electricity grid is used to charge 

the battery, while it acts as a supply when stored energy is delivered to the grid.  In general, 

                                                
12 International Energy Agency. “Technology Roadmap Energy Storage”. 19 March 2014. 
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energy is stored to the battery during off-peak while the battery supplies power during peak 

demand. With this capability, it can provide frequency regulation and voltage control.  

 

Battery energy storage is also used as an optimum solution to store energy from renewable 

energy and discharge it when it is more needed on central, de-central and off-grid 

situations. It also offers grid services like voltage control and frequency regulation, 

maintain grid stability and flexibility. Aside from high speed deployment, battery energy 

storage can also be customized based on different system requirements.  

 

 

2.1. Benefits of Battery Energy Storage Systems 

 

The operational benefits of integrating battery energy storage systems in the grid 

include improved short- and long-duration voltage quality, reliable and cleaner back-

up power for a limited time, reduced need for peak generation capacity, more efficient 

use of renewable and other off-peak generation, reduced need for transmission and 

distribution capacity upgrades (provide transmission support and congestion relief), 

increased and improved availability of ancillary services and lower greenhouse gas 

and other emissions. 

 

On the other hand, economic benefits of battery energy storage systems include 

energy bill savings from shifting demand to off-peak, profits from selling electric energy 

storage into ancillary services and/or energy market, reduced necessity for dispatching 

expensive peaking generators during peak hours and lower electric energy storage 

costs as the market matures.  There are studies of diesel generating sets operating in 

hybrid with battery energy storage system and renewable generation which showed 

significant fuel savings over cases without energy storage. Fuel saved is attributed to 

the smoothing effect of the battery, thereby allowing the diesel generator to either run 

at constant load, or to reduce the number of engine starts13. 

 

                                                
13 New Zealand Electricity Commission. "An Appraisal of New and Renewable Generation Technologies as 

Transmission Upgrade Alternatives”. 19 December 2005. 
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However, it is also acknowledged that the power conversion has inherent losses (i.e. 

less than 100% conversion efficiency) and may produce significant voltage and current 

distortion.  

 

 

2.2. Battery Energy Storage Systems and Integration of Renewable Energy  

 

Renewable energy is expected to increasingly contribute to a more sustainable energy 

mix. However, these resources are strongly affected by variable weather conditions. 

Battery energy systems which provide the necessary storage and controlled dispatch 

are therefore expected to provide the complementary response in order to address the 

challenges produced by intermittent renewable energy sources. 

 

 

3. INITIATIVES ON THE INTEGRATION OF BATTERY ENERGY STORAGE SYSTEMS IN 

OTHER JURISDICTIONS 

 

The participation of energy storage resources in wholesale electricity markets is not a new 

phenomenon. In North America, energy storage has been actively studied or commercially 

deployed in electricity markets such as: California Independent System Operator (CAISO), 

Electric Reliability Council of Texas (ERCOT), Independent Electricity System Operator 

(IESO), Alberta Electric System Operator (AESO), Midcontinent Independent System 

Operator (MISO), New England Independent System Operator (ISO-NE), PJM 

Interconnection (PJM) and New York Independent System Operator (NYISO)14. 

 

In the Asia-Pacific region, electricity markets such as Australia National Electricity Market 

(NEM) and Singapore Wholesale Electricity Market (SWEM) have also published their 

studies on the participation of non-conventional generators such as battery energy storage 

systems and subsequently changed their Market Rules to accommodate the participation 

of battery energy storage in their electricity market.  

 

                                                
14 In North America, independent system operators (ISO) act as both the System Operator and Market Operator 
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Table 3-1 summarizes the participation of energy storage, whether for ancillary services 

only or both energy and ancillary services, in other markets. 

 

Table 3-1 | Participation of Energy Storage in Other Markets15 

 NYISO CAISO ERCOT IESO AESO MISO PJM ISO-NE SWEM 

Reserve Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Energy  No Yes Yes No No Yes Yes  No No 

 

The succeeding subsections will discuss the initiatives in integrating energy storage in 

other jurisdictions including their approach to the issues and the policy changes needed 

to address the issues arising from the distinct qualities of energy storage technologies.  

For additional details on the review of existing energy storage technologies and synopsis 

of the activities in other markets in relation to the integration of energy storage, see 

Appendix A Energy Storage in other Jurisdictions.  

 

 

A. North America – USA and Canada 

 

In North America, the major trigger for independent system operators and regional 

transmission organizations to integrate energy storage is the issuance of Federal 

Energy Regulatory Commission (FERC) Order No. 890, which directed grid operators 

to remove barriers for non-generating units to participate in the ancillary service 

market, and Order No. 755, which required that regulating reserve resources be 

compensated based on its performance. 

 

As a result, a number of independent system operators re-evaluated and subsequently 

amended their rules to accommodate energy storage resources in their electricity 

market. Noting the unique features of energy storage, some independent system 

operators created a new class of resource. In CAISO, energy storage is included under 

                                                
15 In MISO and PJM, participation of energy storage facilities as energy and reserve depends on the type of energy 

storage. IESO, on the other hand, uses storage technologies as a source of "regulation" − a specialized service 

that maintains second-by-second balance on the grid. See Appendix A for further details. 
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“non-generator resources” while MISO classifies it as “stored energy resource” which 

can either be long term or short term. PJM defined two terms for storage devices – 

Capacity Storage Resources which participate in PJM’s capacity market and Energy 

Storage Resources which participate in PJM’s energy and/or ancillary services market. 

NYISO has “limited energy storage” whereas ERCOT categorizes energy storage into 

compressed air energy storage and “duration limited energy storage”16. ISO-NE on the 

other hand calls it alternative-technology regulation resource. 

 

In CAISO, an energy storage pilot program was established and scenarios were 

simulated to observe and analyze the potential impacts of energy storage prior to its 

connection to the grid. Certain requirements for operating reserve provision were also 

revised and the 1-MW minimum capacity requirement was reduced to 0.5 MW. The 2-

hour minimum continuous energy requirement was also lowered to 30 minutes in real 

time market (See Appendix A.1.1). The Technical Committee noted that these are 

important initiatives and that similar initiatives may be taken in the WESM. 

 

 

B. Asia-Pacific Region – Australia and Singapore 

 

The Australian Energy Market Commission, the Rule making body in Australia, has 

prepared a paper entitled “Integration of Energy Storage” which examines whether 

changes to regulatory frameworks are required to integrate energy storage in the 

electricity sector17. The Commonwealth Scientific and Industrial Research 

Organisation, the federal government agency for scientific research in Australia, also 

prepared a report18 for the Australian Energy Market Commission on the assessment 

of the economic viability, potential uptake and impacts of electrical energy storage on 

the National Electricity Market19 2015 – 2035. One of the key findings presented in the 

                                                
16 Texas Energy Storage Alliance. “Storage Participation in ERCOT”. 03 January 2010 

17 Australian Energy Market Commission. “Integration of Energy Storage – Regulatory Implications”. 03 December 

2015. 

18 Commonwealth Scientific Industrial Research Organisation. “Future Energy Storage Trends”. September 2015. 

19 National Electricity Market is the wholesale electricity market for the electrically connected states and territories 

of eastern and southern Australia – Queensland, New South Wales, the Australian Capital Territory, Victoria, South 
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report discussed that energy storage can reduce connection costs for large customers. 

Battery storage co-located with a large load or small renewable generation site 

(<30MW) could potentially reduce the cost to connect to the grid. Also, potential 

savings are likely to vary dependent on the diversity of load or the generation profiles 

of commercial customers.20 

 

In June 2015, the Australian Energy Market Operator21 published a paper entitled 

“Emerging Technologies Information” to explore the potential impacts of emerging 

technologies such as battery storage, electric vehicles and fuel switching, and trends 

on operational consumption and maximum demand in the National Electricity Market, 

over a 20-year outlook period. The Australian Energy Market Operator observed that 

battery storage and electric vehicles continue to gather momentum internationally and 

in Australia, with industry and consumers keen to explore the opportunities and 

challenges presented by these new technologies. Since the market of battery storage 

is in its infancy and there is still no mechanism for tracking the number of installations 

in Australia, modelling battery storage posed a challenge. The Australian Energy 

Market Operator has developed the first step of its economic model to estimate the 

uptake of battery storage systems by residential consumers, and used this estimate to 

determine the impact on maximum demand forecasts. The paper thus focused on 

residential installation of batteries as part of a new installation of rooftop photovoltaic 

and battery storage together with the view of providing the economic benefit to the 

individual household. 22  

 

                                                
Australia and Tasmania. The National Electricity Market generates around 200 terawatt hours of electricity 

annually, supplying around 80% of Australia’s electricity consumption. Western Australia and the Northern Territory 

are not connected to the National Electricity Market. They have their own electricity systems and separate 

regulatory arrangements.  

20 Ibid. 

21 The Australian Energy Market Operator operates the NEM. Much like the independent system operators in the 

North America, Australian Energy Market Operator also operates the System Operations and Market Operations 

of National Electricity Market. 

22 Australian Energy Market Operator. “Emerging Technologies Information Paper”. June 2015. 
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On 26 May 2016, the Australian Energy Market Commission made a rule to amend the 

definition of a ‘generating unit’ in the National Electricity Rules to clarify that the rules 

for eligibility for registration as a generator are technology-neutral so that non-

traditional generation like battery storage and solar photovoltaic can be appropriately 

included. The request, which arose from the findings in the Australian Energy Market 

Commission’s Integration of Energy Storage report, was made by the Australian 

Energy Market Operator. 

 

In Singapore, the Energy Market Authority23 recently approved the market rules for 

battery energy storage to provide regulation service. The amendment was proposed 

by Energy Market Company, the Market Operator of Singapore Wholesale Electricity 

Market. Prior to the approval of the proposed rules, only Generation Registered 

Facilities (conventional generators) that can respond to automatic generation control 

are eligible to provide regulation in the Singapore Wholesale Electricity Market. 

Generation Registered Facilities dispatched by the Power System Operator to provide 

regulation are placed under the control of the automatic generation control subsystem 

of the Power System Operator’s energy management system. The rules change 

discussion paper also referred to the experiences of U.S. markets that showed that 

with appropriate dispatch mechanisms, batteries are also capable of providing 

regulation. It also mentioned that the ability of batteries to store energy withdrawn from 

the transmission system and to (later) produce or release that stored energy back into 

the transmission system as the ancillary service of regulation is seen as “generation”. 

Since batteries need to be dispatched to provide regulation, they have to register with 

the Energy Market Company as Generation Registered Facilities. Following this, the 

existing Market Rules for Generation Registered Facilities were then amended to make 

the same applicable to batteries24. The Rules Change Panel agreed to consider the 

proposal after the Power System Operator approved   the first dispatch mechanism 

                                                
23 Energy Market Authority regulates Singapore’s electricity and also acts as the Power System Operator (PSO) 

in Singapore. 

24 Singapore Electricity Market Rules. Chapter 8. July 2016. Generation Registered Facility or GRF means a 

generation facility that has been registered as a registered facility to provide one or more of energy, reserve, 

regulation or contracted ancillary services. 
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proposed for batteries providing regulation. The new rule was made effective on 28 

April 2016.25  

 

 

4. ENERGY STORAGE IN THE WESM 

 

The Philippine WESM has no explicit provision for grid-connected energy storage equipment. 

However, pumped-storage hydroelectric plant has been accommodated since the initial 

operation of the electricity market. With a synchronous generator as its generating unit, 

although fitted with a pump and a reservoir for flexible operation, it was not difficult for the 

electricity market to treat it as a conventional generator. However with the inevitable 

introduction of various energy storage technologies for the transmission and the distribution 

networks, coupled with WESM requirement for mandatory participation for all grid users, it 

becomes imperative for the electricity market to accommodate such upcoming technologies 

taking into account their unique capabilities. The next few sections describe perceived 

concerns as this technology connects to the grid and participates in the electricity market.  

 

 

4.1. Grid Integration and Impact 

 

Utility-grade battery energy storage facilities of various capacities are expected to connect 

to the grid now and in bigger scale in the future. With its capability to deliver energy into 

the grid, albeit with limited duration, the initial response is for this technology to be treated 

similar to a conventional generator. In addition, with its fast response, it is also expected 

to perform as an ancillary services provider. However in both cases, this technology does 

not perform in the same way as conventional generators.  

 

 

 

                                                
25 Energy Market Company. Notice of Market Rules Modification. EMC/RCP/80/2015/321. Effective Date: 28 April 

2016. 
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4.1.1 Battery Energy Storage Performance and its Capability compared to a 

Conventional Generator 

 

Conventional generators convert energy from one form, usually mechanical, to 

electrical effectively in real time. As such these equipment are rated in terms of the 

rate of energy conversion such as joules per second, or more commonly MW-hr per hr 

or simply, in MW.  The amount of energy converted or produced by the equipment is 

limited only by the primary energy resource or the fuel.  Battery energy storage systems 

on the other hand is a limited energy resource, wherein the amount of energy produced 

is equal to the finite energy pumped into it minus the conversion loss.  As such these 

equipment are rated in terms of energy in MW-hr.  Still, the rate at which the battery 

energy storage delivers energy to the grid is rated in MW. 

 

To illustrate, a 10 MW-hr battery energy storage system can produce a constant 10 

MW of power for a full hour. If so desired, it can produce a fraction of this power for a 

corresponding longer period (e.g. 5 MW for two hours, or 2.5 MW for four hours, etc.). 

Apparently, a battery energy storage system’s power-time characteristic sits well with 

a shortened dispatch interval. That is, the same 10 MW-hr system, may be dispatched 

at a fraction of an hour for a large capacity (e.g. 20 MW for half-hour, 40 MW for 

quarter-hour, etc.).  

 

If a battery energy storage is classified as a Generator, it has to undergo the required 

test for its minimum stable load or Pmin. At present, conventional generators are tested 

with continuous output for four hours which may not appropriate for battery energy 

storage.  In fact, the System Operator has come up with a one-hour test to evaluate 

the power rating of a battery energy storage26. Conventional generators are also 

characterized in terms of its ramping rates. The battery energy storage however, 

performs excellently in this area. In fact, ramping is not even an appropriate measure 

for this type of technology since it is capable of almost step-change in output.  A new 

set of test procedures has been formulated by the System Operator and has been 

                                                
26 Test Procedure on Battery Energy Storage System presented by the System Operator and approved by the 

Grid Management Committee. See Appendix B. 
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presented and subsequently approved by the Grid Management Committee (GMC). 

This alternate testing procedure acknowledges this facility’s unique characteristics 

compared to conventional generators.  

 

 

4.1.2 Battery Energy Storage Capability to Provide Ancillary Service 

 

The battery energy storage’s unique characteristic to inject finite amount of energy 

almost instantaneously supports frequency regulation which is critical in System 

Operation.  ERC Resolution No. 9 Series of 2015, upholds this by declaring battery 

energy storage as Frequency Control Ancillary Services (FCAS) provider. Technically, 

the battery still has finite charge and discharge rates, however, compared to a typical 

dispatch interval, this charging and discharging intervals are significantly shorter.  

 

On the other hand, its actual capability to provide ancillary service is heavily affected 

by the battery’s state of charge (SoC) which varies throughout the operation. A 

discussion in Singapore’s Energy Market Company rules change proposal best 

clarifies the technicalities on the SoC of battery energy storage: 

 

“Batteries are not able to provide regulation (in both directions) when they are 

fully charged or discharged because the output range of a battery, bounded by 

its maximum rates of charge and discharge, is dependent on its level of stored 

energy, as measured by its SoC.  When the battery is empty (i.e. SoC of 0%), 

its maximum rate of discharge is 0 kW as an empty battery has no stored 

energy to discharge at all if the system requires it to provide up-regulation. 

When the battery is full (i.e. SoC of 100%), its maximum rate of charge is 0 kW 

as a full battery has no unused capacity to charge at all if the system requires 

it to provide down-regulation. Due to the limited storage capacities of batteries, 

they may not be able to provide regulation continuously throughout a dispatch 

period. They could easily be fully charged or discharged when providing 

regulation, especially when the deviations in grid frequency are large, causing 
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the required regulation associated with either direction to be high and for a 

prolonged period of time”27 . 

 

Due to this, scheduling of battery energy storage as an ancillary service provider has 

to take into account the batteries’ SOC.  This can be done by real-time measurement, 

or by a sophisticated prediction algorithm, or both.  

 

 

4.1.3 Battery Energy Storage Installation and Variable Renewable Energy 

Resources  

 

In all economies throughout the world, target energy mix maximizes contribution from 

renewable energy resources which include conventional hydro in various 

configurations coupled with increasing penetration of wind and solar energy. Even in 

the Philippines, the proposed renewable energy technology installation targets of the 

Department of Energy for wind and solar are both 500 MW each and shall be made 

effective until December 31, 2018 or until installation targets are fully prescribed, 

whichever comes first28. However, available capacity from renewable energy sources 

such as wind, solar and even run-of-the-river hydro are highly variable.  An IEC white 

paper27 acknowledged that in order to accomplish significant renewable energy 

integration, storage technologies should play a vital role. Referred to as electrical 

energy storage (EES), the same paper categorized EES participation into (a) grid-side, 

(b) generation-side, or (c) demand-side. 

 

Grid-side participation of battery energy storage refers to the use of grid-connected 

storage, independent from a specific generator or load. The System Operator is able 

to harness this technology’s profound capabilities to meet grid objectives via load 

shifting, load following, reactive power supply or even emergency power. Again, with 

                                                
27 Energy Market Company. Notice of Market Rules Modification. Paper No. EMC/RCP/80/2015/321. 28 April 2016. 

27 International Electrotechnical Commission. White Paper on “Grid Integration of Large-Capacity Renewable 
Energy Sources and Use of Large-Capacity Electrical Energy Storage”. 2012. 
28 Draft National Renewable Energy Board (NREB) Resolution No. 3, Series of 2016. 
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multiple intermittent energy sources throughout the grid, the flexibility afforded by 

battery energy storage is most welcome.  

 

Generation-side participation refers to battery energy storage installations operated in 

conjunction with a specific generator. With the intermittent characteristic of RE 

sources, battery energy storage connected in this manner will significantly reduce RE’s 

adverse effect to the network.  

 

Demand-side participation refers to large-quantity battery energy storage equipment 

connected to direct users. Typical example of this is massive electric vehicle charging 

referred to as grid-to-vehicle (G2V), or the other way, electric vehicle power plant also 

referred to as vehicle-to-grid (V2G).  Similarly, these systems address the intermittent 

characteristic of RE sources.  

 

Since battery energy storage facilities are utilized for voltage and frequency regulations 

to maintain grid stability and flexibility, it thereby provides solutions at generation, 

transmission, distribution and customer levels. The TC is of the opinion that battery 

energy storage’s contribution to various sectors of the power system has to be 

acknowledged accordingly. In particular, grid impact studies should reveal the benefits 

of this technology to complement intermittent renewable energy sources.  

 

In the Philippines, both grid-side and generation-side participation can immediately be 

realized.  Some of the most legitimate installation of battery energy storage facilities 

can be in areas with large installed VRE resources in a grid with thin reserves. As an 

illustration, with the influx of solar farms in Negros, among the issues encountered by 

the System Operator is the limited ancillary service providers in the Visayas grid. 

Hence the grid will experience automatic load dropping (ALD) whenever there is a 

sudden reduction in solar plant output. A battery energy storage facility of suitable 

capacity can participate either as part of the generation facility or as a grid component 

in order to support the integrity of the grid.  

 

However, consideration must also be made on the transmission capacity of delivering 

its output to the interconnected island/s where large Distribution Customers are 
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connected.  Though battery energy storage can serve as replacement power for the 

variability of VRE Resources (i.e., solar farms especially during daytime), transmission 

line constraints could also occur with the additional output from battery energy storage. 

 

Currently there is no specific directive from the DOE related to VRE and battery energy 

storage. The closest issuance that can be considered on this matter is DOE Circular 

No. DC2015-07-001429, wherein there is a provision for replacement power. 

Specifically, the Circular states that "deviations outside the prescribed range set per 

FIT-eligible technology, the RE developer shall be responsible for procuring 

replacement power”. Without prejudice, any generating facility, new energy sources or 

conventional, can utilize battery energy storage facilities as an option.  

 

 

4.1.4 Impact of Battery Energy Storage Facilities as a Function of Capacity and 

Location 

 

The TC is also of the opinion that the impact of a battery energy storage facility in the 

grid is affected by its location, its capacity, and the characteristic of the grid. To 

illustrate, a 10-MW battery energy storage facility in Luzon will not have the same 

impact as a 10-MW battery energy storage facility in Visayas. The same capacity will 

have a different impact whether or not it is located adjacent or away from a VRE 

resource. In addition, transmission voltage levels together with line and substation 

capacity constraints within the region may also affect the contribution of battery energy 

storage facilities. Having said that, a system impact study should be done prior to 

battery energy storage installation. However, in light of the ERC Resolution No. 09, 

Series of 201530, allowing exemption for battery energy storage from the system impact 

study, the TC recommends that this exemption be qualified depending on the size of 

                                                
29 Department Circular No. DC2015-07-0014 Prescribing the Policy for Maintaining the Share of Renewable Energy 

(RE) Resources in the Country’s Installed Capacity Through the Holistic Implementation of the Pertinent Provisions 

of Republic Act. No. 9513 or the RE Act on Feed-in Tariff (FIT) System, Priority and Must Dispatch, Among Others. 

26 June 2015 

30 ERC Resolution No. 09, Series of 2015 A Resolution Adopting the Grid Management Committee’s 

Recommendations Classifying the Battery Energy Storage System as a New Source of Frequency Control Ancillary 

Services and the Exemption thereof from the Conduct of System Impact Study. 18 May 2015. 
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the battery energy storage. This is consistent with the current practice for differentiating 

between large and small generators. A more comprehensive study may have to be 

performed to differentiate between large and small battery energy storage.   

 

 

4.2. Market Participation 

 

Electricity markets in other jurisdictions, as surveyed in Appendix A, also recognized the 

unique capabilities of battery energy storage participating as ancillary service provider and 

even as energy provider. In addition, short dispatch intervals in other jurisdictions 

permitted wider battery energy storage participation. The following terms were used to 

identify battery energy storage: 

 NYISO - Limited Energy Storage Resource 

 CAISO - Non-Generator Resources 

 ERCOT - Duration Limited Energy Resource 

 MISO – Stored Energy Resource (Short Term and Long Term) 

 ISO-NE - Alternative Technology Regulation Resource 

 

Some of the terminologies, such as Limited Energy Storage Resource and Duration 

Limited Energy Resource emphasize its finite energy capability.  However, the TC is of the 

opinion that the limited-energy characteristic of this technology gets obscured with the ever 

increasing energy capacity of various battery technologies coupled with a shortened 

dispatch interval. On the other hand, the term Non-Generator Resource (NGR) 

emphasizes that this equipment does not operate as a Generator which is the rotating 

machine converting mechanical to electrical energy. As such characterization and models 

for rotating generators does not apply to this resource. The TC prefers this appellation.   

Again, this is preferred over Non-Generating Resource (also, NGR) which is not consistent 

with this technology’s capability to inject energy into the electrical network.  

 

As a Non-Generator Resource (NGR) with fast response, a battery energy storage can 

participate in the Philippine WESM both as an energy source and as an ancillary service 

provider.  In the following sections, its participation to the market including registration and 

modelling is presented.  
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4.2.1 Battery Energy Storage Market Participation and Registration 

 

As an additional resource and market participant, the battery energy storage is 

beneficial to the market. As a resource capable of injecting energy into and withdrawing 

energy out of the grid, a battery energy storage registers to the market both as a 

generator and as a load. In due time, when the reserve market is activated, it has to 

register as an ancillary service provider as well.  

 

Prior to registration as a generator, it has to undergo a set of tests which is distinct 

from tests applied to conventional generators in order to establish its capabilities in 

terms of minimum and maximum power (i.e. Pmin and Pmax, respectively), albeit for 

a shorter period compared to conventional generators as described in Sec. 4.1.1. 

 

For its participation as a generator, it will be subjected to the Must Offer Rule (MOR). 

However as a storage technology, it is not capable to deliver energy continuously 

particularly for the WESM’s hourly dispatch scheduling. Its finite storage may however 

be considered as a technical constraint in order to de-rate its Maximum Available 

Capacity. The battery energy storage facility has to provide monitoring signals 

regarding its state of charge. 

 

In addition, as a generator it is also expected to comply with the dispatch tolerance 

limit. This technology affords large ramping rate (that is, a finite change in the output 

at a very short interval), hence compliance to the dispatch tolerance limit will not be an 

issue.  

 

With its ability and requirement to charge from the grid, this installation shall also 

register and participate in the market as a load. 

 

In the upcoming regime of co-optimized energy and reserves market, this installation 

shall register and participate as an ancillary service provider as well. Prior to 

registration, it has to undergo proper testing to establish its capability in terms of power 

rating (or the rate at which it delivers or draws energy) and response time in order to   

determine its suitability to provide various ancillary services to the grid.  
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4.2.2 Battery Energy Storage Modelling in the Market 

 

As a market participant, its actual operation has to be properly modelled in the Market 

Management System (MMS).  During consultation with the PEMC-TOD on 16 June 

2016, it was discussed that with battery energy storage’s two modes of operation, it is 

modelled both as a generator (discharging mode) and as a load (charging mode). Even 

if remote terminal units (RTU) can read both positive and negative injections, the 

current MMS has limitations such that negative reading from generators are 

automatically adjusted to zero. To circumvent this, two co-located market trading 

nodes (MTN) are assigned to each battery energy storage facility:  a generator and a 

load. The TOD further advised that the new MMS scheduled in 2017 is capable to 

capture these various modes with a single MTN. This flexibility suits not just battery 

energy storage but other bi-directional network components as well.  

 

An even more important modelling consideration is the location of the battery energy 

storage power meters with respect to nearby installations. As presented in Sec. 4.1.3, 

battery energy storage participation can either be on the generation-side or the grid-

side; as far as the market is concerned, this participation is strongly affected by the 

metering connection.  For generation-side participation, the battery energy storage is 

located adjacent to a generator, mostly but not necessarily, a Variable Renewable 

Energy (VRE) resource. The generator-battery system coordinately participate in the 

market.  In case of a VRE, the battery minimizes the variability in energy production.  

Even for a conventional source, there should be mutual benefit between these two 

resources (a) operation-wise to meet dispatch and charging requirements and (b) 

financial-wise to meet contracted obligations. The battery energy storage charges 

during the period that will maximize the benefit for the generator that it supports. In 

which case, the RTU of the MTN reads the net power flow between this generator-

battery system and the grid. 

 

On the other hand for grid-side participation, the battery energy storage location 

supports the requirements of the grid which include the transmission network or even 

a group of generators in a particular region. In terms of metering and market 
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participation, the battery energy storage installation is assigned its own MTN with its 

own RTU. 

 

 

5. SUMMARY AND RECOMMENDATIONS 

 

Based on the preceding discussions, the Technical Committee is of the opinion that battery 

energy storage is beneficial to the market, and  acknowledges that battery energy storage can 

be used as fast responding regulating reserve. However, its capacity as reserve is a function 

of its state of charge which has to be continuously monitored by the System Operator for timely 

reserve dispatch, and by the Market Operator in the eventual market-based reserve 

scheduling. The Technical Committee also emphasizes that the new MMS should be able to 

accommodate the peculiar behavior of battery energy storage, such as its bidirectional power 

injection to the grid and periodic monitoring of the state of charge. The TC further recognizes 

that even as it introduces additional computing and communication burden to the MMS, the 

shorter dispatch interval provides a better environment for storage technologies such as this 

to participate in the market. 

 

In view of the above, the Technical Committee thus recommends that: 

a. Battery energy storage be classified as Non-Generator Resource emphasizing its distinct 

characteristics compared to rotating machine-based generators. As such, Non-Generator 

Resource modelling, characterization and performance testing are distinct from 

conventional generators.  As a  generation resource, its maximum available capacity may 

be de-rated based on technical constraints;  

b. Grid impact study be conducted based on the size of the battery energy storage facility; 

the size of small battery energy storage to be exempted from such GIS may vary across 

grids. In addition, such study shall take into account the installation’s impact as it 

participates as either grid-side or generation-side in the light of variable renewable 

resources nearby; and 

c. Relevant market rules be revised accordingly, establishing the requirement for the 

classification of battery energy storage as Non-Generator Resource and requirement for 

registration and offer submission. 
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ABOUT THE TECHNICAL COMMITTEE 

 

Under Clause 1.7.2 of the WESM Rules, the Technical Committee shall from time to time as 

necessary and appropriate, and whenever the PEM Board directs: (a) monitor technical 

matters relating to the operation of the spot market; xxx (c) Assist the PEM Board by providing 

expertise in relation to: xxx (3) any other matter of a technical nature relating to the spot 

market; and (d) from time to time if the Technical Committee in its discretion deems necessary 

or appropriate, propose amendments to the WESM Rules in relation to technical matters, in 

accordance with chapter 8 with a view to: (1) improving the efficiency and the effectiveness of 

the operation of the spot market; and (2) improving or enhancing the prospects for the 

achievement of the WESM objectives. 

 

Further, Section 4 of the Technical Committee Market Manual (TCMM) provides that the 

Technical Committee shall conduct technical reviews and studies in relation to (a) power plant 

technical parameters; and (g) any other matter of technical nature relating to the sport market.  

 

The TC is currently composed of three (3) members, namely, Prof. Jordan Rel C. Orillaza; 

Engr. Jaime V. Mendoza, Distribution Management Committee (DMC) Representative; and 

Engr. Fidel D. Dagsaan, Jr., Systems Operator (SO) Representative. Engr. William C. 

Alcantara was with the TC as Independent Member and was part of the initial stages of the 

study until July 2016.31 

 

This report is prepared with the assistance of the Market Assessment Group of the Philippine 

Electricity Market Corporation.32  

 

 

 

 

 

 

                                                
31 The term of appointment of Engr. William C. Alcantara as independent member of the TC expired effectively on 

31 July 2016. 

32 The MAG acts as the Technical and Administrative Secretariat of the TC.  
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APPENDIX 

 

A. REVIEW OF ENERGY STORAGE IN OTHER JURISDICTIONS 

 

The following sections present the participation of battery energy storage in other jurisdictions, 

especially where ancillary services are managed in the electricity market. In the Philippines 

where ancillary services are not yet managed in the electricity market, the participation of 

battery energy storage may have to be reviewed after an initial roll-out of the Reserves Market. 

 

 

A.1. NORTH AMERICA – USA and Canada 

 

A.1.1. California Independent System Operator (CAISO) 

 

In 2008, CAISO examined the energy storage technologies in the process of 

integrating renewable resources. CAISO anticipated the flexibility of energy storage 

technologies that would lead to improved management of the volatility of the grid due 

to the integration of additional renewable resources to the grid. Pending the approval 

of the standards on contingency reserve, CAISO filed an application with the Federal 

Energy Regulatory Commission to allow Non-Generator Resources to supply 

regulating reserve and operating reserve.33 

 

An Energy Storage Pilot Program was established and scenarios were simulated to 

observe and analyze the potential impacts of energy storage prior to its connection to 

the grid. Certain requirements for operating reserve provision were also revised and 

the 1-MW minimum capacity requirement was reduced to 0.5 MW. The 2-hour 

minimum continuous energy requirement was also lowered to 30 minutes in real time 

market.  

 

Pursuant to the California Assembly Bill passed in 2010, an Energy Storage Roadmap 

was developed with the objective of identifying needed policy, regulatory actions, and 

                                                
33 WECC Standard BAL-002-WECC-1 – Contingency Reserves 
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technology and process changes needed to address challenges and facilitate 

expansion of energy storage in California. In the same year, the Federal Energy 

Regulatory Commission revised the definition of Small Generating System in the 

interconnection procedures and agreement to explicitly include storage devices.  

 

In an anticipation of receiving interconnection requests from energy storage and to 

provide a forum for identification of issues and solutions, CAISO launched the 

interconnection initiative in 2014. CAISO also conducted an Energy Storage Roadmap 

Workshop to review and solicit feedback from stakeholders on barriers facing energy 

storage in California and potential solutions for addressing those barriers, which was 

considered in mapping out the key building blocks required to facilitate energy storage 

in California.  

 

In CAISO, energy storage resources are eligible to qualify as sellers in the energy and 

ancillary service markets consistent with the technical requirements applicable for 

other resource types. Generally, energy storage resources participate in the CAISO 

markets as Non-Generator Resources, Pumped Storage Hydro or as one of CAISO’s 

two demand response entities: Proxy Demand Resources or Reliability Demand 

Response Resources. CAISO applies the same minimum capacity requirements and 

minimum offer sizes to all resources seeking to participate in its market. CAISO’s tariff 

identifies a minimum resource capacity size of 0.5 MW, although resources can meet 

this minimum resource capacity size requirement through aggregation34.  

 

 

A.1.2. Pennsylvania-New Jersey-Maryland Interconnection (PJM) 35 

 

In PJM, there are mainly two types of storage resources, i.e. pumped hydro and 

advanced energy storage which includes compressed air energy storage, flywheel and 

                                                
34 “Response of the California Independent System Operator to Data Request”. Federal Energy Regulatory 

Commission Docket No. AD16-20-000 Electric Storage Participation in Regions with Organized Wholesale 

Electric Markets. May 2016. 

35 The regional transmission organization (RTO) that coordinates the movement of wholesale electricity in all or 

parts of 13 states and the District of Columbia. 
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battery storage technologies. Pumped hydro storage resources have been operating 

as capacity, energy, and ancillary service resources in the PJM wholesale market. 

However, new forms of energy storage particularly battery and flywheel technologies 

have recently advanced technologically and commercially36.  

 

PJM recognized that these energy storage are physically limited energy resources. For 

instance, most advance energy storage typically can only sustain their full output for 

less than six hours while PJM’s pumped storage hydro plants are typically able to keep 

at full output for more than six hour but some less than ten hours.37 PJM defined a new 

type of resource, Energy Storage Resource such as flywheel or battery storage facility 

that are able to participate in the PJM energy and/or ancillary services markets as a 

Market Seller.38 

 

PJM acknowledged the clear benefits of utilizing Energy Storage Resources to enable 

greater penetration of intermittent resources, such as wind, solar, landfill gas, run-of-

river hydroelectric power and other renewable resources39. Noting the potential 

increase in the entry of Energy Storage Resource in its system, PJM recognized the 

importance of updating and establishing market rules to accommodate the 

participation of Energy Storage Resources into PJM markets, i.e. capacity, energy and 

ancillary services, and to ensure the comparability of those rules with other similarly 

situated resources40. 

 

                                                
36 PJM. “Limited Energy Resources in Capacity Market: Problem Statement”. 05 August 2010. 

37 Ibid. 

38 PJM. “Energy Storage in PJM: Overview of Rules and Requirements”. Clean Energy States Alliance Webinar. 

February 23, 2016. 

39 In PJM, Intermittent Resources are generation capacity resources with output that can vary as a function of its 

energy source. Source: PJM. M18 Updates for Capacity Performance Filing. March 26, 2015. 

40 PJM’s capacity market is called the “Reliability Pricing Model” while PJM’s energy markets are the Day-ahead 

Energy Market and Real-time Energy Market. References to PJM’s energy market shall refer to both of these 

markets. On the other hand, PJM’s ancillary services markets are Regulation, Synchronized Reserve and Non-

synchronized Reserve. Collectively, PJM’s capacity, energy and ancillary services markets shall be called PJM 

wholesale market. 
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Energy Storage Resource continues to demonstrate its value in PJM as a resource 

that helps smooth the integration of renewable energy and provides frequency 

regulation service. In 2014, more than 100 MW of storage was in service in the PJM 

footprint and included battery and flywheel facilities and commercial electric vehicles. 

Regulation resources were paid for their performance – how quickly and how 

accurately they respond to PJM’s signal. This performance-based approach rewarded 

faster and more accurate resources with higher compensation.41 

 

Considering the changing functionality and market activity associated with these 

energy storage devices, it was however noted that the definition of Energy Storage 

Resource does not cover all energy storage devices or the manner in which it may 

participate in PJM’s wholesale market. Energy storage devices, particularly batteries 

and flywheels, have commercial and technological limitations that currently restrict its 

participation in PJM’s wholesale markets such as the costs associated with providing 

energy for longer periods of time and the requirement that resources must be available 

to provide capacity with very limited excuses on a year-round basis.  

 

In PJM, Market Sellers can submit offers for storage resource in PJM’s wholesale 

markets as either generation resource42 or demand-side resource43. Within these 

broad categories of generation and demand-side resources, there are different 

eligibility and performance requirements for each of the PJM wholesale markets in 

which Market Sellers participate. Table A.1-1 below summarizes how these different 

types of storage resources currently participate in PJM’s wholesale markets, by type 

and amount44. 

 

                                                
41 PJM Annual Report 2014. p. 17 

42 Energy Storage Resources that are directly interconnected to the transmission system, or interconnected to the 

distribution system and inject power past the applicable customer meter. 

43 Energy Storage Resources that are located behind customer’s meters. 

44 “Response of PJM Interconnection, L.L.C”. Electric Storage Participation in Regions with Organized Wholesale 

Electric Markets. Federal Energy Regulatory Commission. Docket No. AD16-20-000. May 2016. 



   

STUDY ON THE FRAMEWORK OF PARTICIPATION OF  

BES SYSTEMS IN THE WESM 

 

 

 

Page 29 of 62 

  

 

Table A.1-2 | Participation of Energy Storage in PJM, 2016 (Source: See footnote 46) 

 

To further differentiate the storage devices, PJM defined two terms specific to storage 

devices – Capacity Storage Resource and Energy Storage Resource. The latter as 

earlier defined while the former defined as any hydroelectric power plant, flywheel, 

battery storage, or other such facility solely used for short term storage and injection 

of energy at a later time to participate in the PJM energy and /or ancillary services 

markets and which participates in the capacity market or “Reliability Pricing Model” 

(RPM)45. Capacity Storage Resources are exempt from the RPM must-offer 

requirement as a Capacity Performance Resource that applies to all types of 

generation resources. Energy Storage Resource on the other hand, as earlier defined, 

are offered into the energy and/or ancillary services market only, not RPM.  

 

 

A.1.3. New York Independent System Operator (NYISO) 

 

In NYISO, flywheels, compressed air energy storage and batteries are recognized as 

new and emerging energy storage technologies that represent a new class of resource 

that has the potential to create a more robust power system. 

 

These technologies have energy capacity limitation that precludes them from 

participating in the energy market. To provide these technologies access to the market, 

NYISO defined a new type of regulation service provider referred to as Limited Energy 

Storage Resource.  

 

                                                
45 Open Access Transmission Tariff, Attachment DD, Section 2.13A. 
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Limited Energy Storage Resource is characterized by its ability to provide continuous 

six-second changes in output with its inability to sustain continuous operation at 

maximum energy withdrawal or maximum energy injection for a period of one hour46. 

 

Traditionally, all resources which provide regulation service also participate in the 

energy market. Considering that flywheels, compressed air energy storage and 

batteries are energy limited technologies, NYISO developed new market rules and 

related market software to accommodate the unique characteristics of Limited Energy 

Storage Resources and to specifically support its integration.  

 

New rules were put in place to allow these devices to participate in the market as 

regulation-only providers. As such, Limited Energy Storage Resources are offered as 

ancillary service and are limited to providing Regulation Service in the NYISO market. 

Market software was also revised to allow Limited Energy Storage Resources to be 

economically scheduled on the basis of its regulation availability bid only.  

 

NYISO also modified the real-time dispatch and automatic generation control software 

to evaluate the capability of Limited Energy Storage Resources in sustaining 

withdrawals and injections over the five-minute scheduling horizon and to help 

maximize the amount of regulation it can provide. 

 

If its storage capability allows, Limited Energy Storage Resources will be dispatched 

first to take advantage of its fast response capabilities and to avoid energy 

deployments of slower moving generators. On another note, if Limited Energy Storage 

Resource is insufficient to provide regulation, another resource will be dispatched by 

real-time dispatch. The real-time dispatch can calculate the upper and lower regulation 

capability of the device and accordingly schedule the regulation capacity of Limited 

Energy Storage Resource by monitoring its energy storage. In the event that the 

capacity of Limited Energy Storage Resource is below the scheduled day-ahead 

capacity for the five-minute interval due to its energy storage limitation, the Limited 

                                                
46 NYISO. White Paper on "Energy Storage in the New York Electricity Markets". 2010. 
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Energy Storage Resource will be required to purchase replacement Regulation 

Service similar to that of the requirement for all Regulation Service providers. 

 

Limited Energy Storage Resources are being paid the market clearing price as 

compensation for the value of its regulation service similar to the manner of how 

traditional suppliers are compensated. Other than this, its service is compensated 

differently from that of traditional regulation providers such that, Limited Energy 

Storage Resources are not yet subject to the “performance adjustments” applied to 

traditional regulation providers noting its more rapid responsiveness as compared to 

other regulation service providers.  

 

In addition, Limited Energy Storage Resources are not compensated for the energy 

provided to the system while providing Regulation Service. Rather, the energy they 

provide is netted against the energy they use over each hour with the product of that 

calculation multiplied by the average energy locational based marginal pricing over the 

hour to produce an hourly energy charge or payment47. While Regulation Suppliers are 

scheduled using both its Regulation Service availability bids and its Energy bids, 

Limited Energy Storage Resources are scheduled only on the basis of its Regulation 

availability bids.  

 

 

A.1.4. Electric Reliability Council of Texas (ERCOT) 

 

In September 2011, a legislation was enacted on the entry of the energy storage in the 

Texas market which covered the energy storage equipment and systems that intended 

to provide energy and ancillary services. The legislation classified the energy storage 

as generation assets and required the owner of generation assets to register.  

 

Projects which deal with issues around the integration of the energy storage and 

emerging technologies were launched to address entry of the energy storage in Texas 

                                                
47 Ibid. 
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market. ERCOT conducted pilot projects and granted temporary exemptions from 

ERCOT rules as necessary to effectuate the purposes of a pilot project. 

  

Rules changes were adopted defining the “wholesale storage” as occurring when 

electricity is used to charge a storage system. Wholesale storage (i.e. charging an 

energy storage system) is exempted from the transmission service rate, retail tariffs, 

rates and charges or fees in relation with the retail purchase of electricity, among 

others. 

 

ERCOT settles the wholesale storage by requiring that storage systems be treated like 

other generation systems in the sale of energy and ancillary services at wholesale. 

Energy acquired to charge a storage system is to be treated as wholesale and settled 

at nodal price. Also, electric storage equipment or systems will not make purchases of 

electricity for storage during a system emergency declared by ERCOT unless directed. 

 

In March 2012, it was ruled that an energy storage has the option of receiving 

“wholesale storage load” treatment48. An energy storage is not subject to ERCOT 

charges associated with ancillary service obligations or credits associated with the 

revenue of Congestion Revenue Rights if an energy storage chose to be a wholesale 

storage load. 

 

However, in order to receive wholesale storage load, generation from an energy 

storage must be “returned to the grid” and the energy storage system must be 

separately metered from all other systems. Wholesale storage load pays the nodal 

price instead of the zonal price and treated as a wholesale storage load. 

 

In ERCOT, energy storage resources are categorized as compressed air energy 

storage and Duration Limited Energy Storage which include flywheel and battery 

energy storage. Duration Limited Energy Storage can alternate between charge and 

discharge within 5 minutes. 

 

                                                
48 The Public Utility Commission of Texas. “Rule Making on Energy Storage Issues”. 
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With the increased penetration of renewable energy in its system, ERCOT looked into 

the benefits of a “Fast Responding Regulation Service”. Fast Responding Regulation 

Service is expected “to increase the reliability of the ERCOT system at a lower total 

cost to Load as compared with solely relying on conventional Regulation Service”49. _ 

Fast Responding Regulation Service is intended to complement current regulation 

service. It can be ramped to its full output within 60 cycles and it is intended to respond 

first and help slow down the frequency decay while other resources start to respond. 

_ ERCOT explored Fast Responding Regulation Service through a pilot project open 

to energy storage and noted that the introduction of Fast Responding Regulation 

Service improves ERCOT’s ability to arrest frequency decay during unit trips. Fast 

Responding Regulation Service Pilot Resources generally followed ERCOT Fast 

Responding Regulation Service deployments and responded automatically using local 

frequency detecting techniques. When deployed, Fast Responding Regulation Service 

reduces the rate of change of frequency and regulation deployed to conventional 

Resources. There was also an observed lower quantities offered for FRRS-down and 

an overall lower performance for FRRS-down50. 

 

 

A.1.5. Midcontinent Independent System Operator  (MISO) 

 

The major driver of the energy storage program in MISO is the need for greater 

flexibility in order to address the challenges in grid operation stemming from increased 

renewable energy generation. MISO undertook an energy storage study together with 

Manitoba Hydro focusing on compressed air energy storage, pumped hydroelectric 

storage and battery energy storage for the analysis. 

 

In MISO, energy storage resource refers to Stored Energy Resource further 

categorized as either “long term storage” (compressed air energy storage and pumped 

hydroelectric storage) or “short term storage” (battery energy storage). Short term and 

long term storage are treated differently in MISO. Long-term Stored Energy Resource 

                                                
49 ERCOT. “Governing Document for Fast-Responding Regulation Service Pilot Project”. 13 November 2013. 

50 ERCOT. “Pilot Project for Fast Responding Regulation Service”. 15 April 2014. 
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can participate in both day-ahead market and real time market similar to generators 

and loads. On the other hand, Short-term Stored Energy Resources are only eligible 

in the day-ahead market and real time Operating Reserve Market51. Stored Energy 

Resources provide frequency control and regulating reserves. This was the focus for 

MISO in the first phase of the study52.  

 

MISO focused on testing regulating, spinning, and supplemental reserve supply for 

short-term Stored Energy Resource. MISO lifted the requirement of providing the 

service for a continuous 60 minutes and developed a ‘pay-for-performance’ tariff that 

will allow resources to be paid a ‘regulation mileage payment’ in addition to the 

marginal clearing price. Stored Energy Resources have the option to identify 

themselves with other types of resources when providing energy or ancillary service, 

in which case participants need to model energy storage as a generator to represent 

the discharging state and a load to represent the charging state. 

 

Short-term Stored Energy Resources can only be bid as regulation and the resource 

offer includes parameter values describing the resource storage level and ramp rate, 

etc. Stored Energy Resources are then dispatched as energy by the real time Security 

Constrained Economic Dispatch model. 

 

Dispatch MW is limited to a value that is the mean of the maximum and minimum 

operating level in MW at which the resource can operate (varying hourly if required), 

based on the latest data from the Stored Energy Resource. Dispatch MW value 

indicates whether Stored Energy Resource requires charging (-MW) or has available 

stored energy to dispatch (+MW). Stored Energy Resource energy penalty variable is 

set at the current cleared regulation demand price. Penalty screens out charging the 

Stored Energy Resource when the current energy price is above the penalty or 

discharging the Stored Energy Resource when the current energy price is below the 

penalty. This screening variable is designed to minimize uneconomic use of the Stored 

Energy Resource. 

                                                
51 MISO. Energy and Operating Reserve markets Business Practices Manual. 01 March 2015. 

52 MISO Energy Storage Study Phase 1 Report. November 2011. 
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As for its market participation, long-term Stored Energy Resources participate in both 

day-ahead market and real-time market. In the day-ahead market, a participant can 

submit bids or schedule load, to purchase energy from the market to store in hours of 

its choice, or submit offers or self-schedules to reduce demand to provide energy or 

reserves the demand side resource. Participants may adjust its bids, offers and/or 

schedules in the real-time market. 

 

On the other hand, Short-term Stored Energy Resources are only eligible to be bid as 

regulation resources in the ancillary services day-ahead market and real time operating 

Reserve Markets. They supply Regulating Reserve, but not Contingency Reserve or 

Energy. Its minimum offer per hour is 1MW. 

 

 

A.1.6. New England Independent System Operator (ISO-NE) 

 

In 2008, ISO-NE initiated a pilot program for Alternative Technology Regulation 

Resources which allowed participants to provide regulation reserve in its real-time 

Regulation market. The pilot program is “pay-for-performance”, so a resource that does 

not perform will receive no compensation during the interval of non-performance. In 

ISO-NE, Alternative Technology Regulation Resources must have at least 1MW of 

capacity and can be aggregated for multiple sites under single control53. 

 

In March 2011, the redesigned Regulation market went into effect with key features 

including a conventional signal and new type of dispatch signal to enable Alternative 

Technology Regulation Resources to provide frequency regulation services.  

 

The new type of dispatch signal however did not accommodate non-generation 

resources.  A new type of dispatch signal was thereafter defined specific for non-

generation resources based on a storage technology such as battery energy storage 

and flywheels.  

                                                
53  ISONewswire, Redesigned Regulation Market Now in Effect. April 7, 2015. 
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ISO-NE changed its automatic generation control dispatch to provide three dispatch 

signals: energy-neutral trinary, energy-neutral continuous, and continuous54. Energy-

neutral signal directs energy storage to cycle between electricity production and 

consumption over a short period. 

 

Alternative Technology Regulation Resource of various types can now choose among 

two versions of the energy-neutral signal, as well as the conventional regulation 

dispatch signal used by generators. To improve performance monitoring, modifications 

were made to communications between the independent system operator and remote 

terminal units of resources to support the coordinated dispatch of generation and non-

generation resources.  

 

 

A.1.7. Independent Electricity System Operator (IESO)  

 

To support Ontario’s efforts to better understand the integration of energy storage in 

Ontario’s electricity system and market, the IESO explored how energy storage can be 

integrated into the day-to-day operation of Ontario's electricity system and market. 

 

Back in 2012, IESO conducted a project on Alternative Technologies for Regulation. 

This project was designed to evaluate the ability of alternative technologies to provide 

regulation service relative to existing providers of regulation service in Ontario. Most 

of the respondents to the IESO’s Request for Proposal proposed to employ energy 

storage technologies. The ATR project sought technology diversity and resulted in 

three different technologies being selected: a battery system; a flywheel system; and 

a load aggregation arrangement. All three projects have been commissioned and are 

currently providing the contracted regulation service.  

 

                                                
54 Dynapower Energy Management, 5 Things to Know About the ISO-NE Frequency Regulation Market. May 20, 

2015. 
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In January 2014, IESO, in coordination with the Ontario Power Authority, released the 

Energy Storage Procurement Framework in compliance with the direction of the 

Ontario Ministry of Energy. The framework covered Ontario’s Long- Term Energy Plan 

which provided for 50 MW of energy storage to be procured by the end of 2014. The 

same also covered the review of regulatory barriers to the participation of storage in 

the market, and options to address said barriers. The procurement of the energy 

storage aimed for open, fair and transparent procurements, value to ratepayer, being 

responsive to storage industry readiness; and integration of storage into the IESO 

Administered Markets. 

 

Beginning in the fall of 2014, the IESO conducted a two-stage process for the second 

phase of the energy storage procurement, including a Request for Qualifications (RFQ) 

followed by Request for Proposals (RFP).  

 

In the first phase, the IESO selected storage technologies from five companies to 

provide ancillary services to support increased reliability and efficiency of the grid. The 

second phase of the procurement was open to energy storage technologies with a 

range of performance characteristics. This phase was focused on two specific aspects 

of energy storage: its capacity value – the ability to be available to store energy and 

provide it back when called upon – and its arbitrage value – the ability to store energy 

during lower priced periods and inject it back into the electricity system when prices 

rise, and the value of energy increases. 

 

On 23 September 2014, the Ontario Power Authority hosted a webinar to provide an 

opportunity for stakeholders to learn about the proposed procurement process, to ask 

questions and to provide the Ontario Power Authority with feedback. The Ontario 

Power Authority posted the draft Energy Storage RFQ with commenting period until 02 

October 2014.  

 

In March 2016, the IESO issued a technical report on energy storage focusing on the 

reliability needs of the Ontario power system and the potential for energy storage 

technologies to address those needs.  
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Presently, the IESO is using storage technologies as a source of "regulation" − a 

specialized service that maintains second-by-second balance on the grid (alternative 

technologies for Regulation). It can be provided by generators, fast-responding loads, 

or fast-responding storage resources. 

 

By helping to correct small, sudden changes in power system frequency, regulation 

balances power flows and maintains the reliability of the power system. This quick 

response is becoming increasingly important to facilitate more renewable resources 

like wind and solar, whose output is variable in nature. 

 

In a report prepared by IESO, energy storage technologies are classified as Type 1, 

Type 2 and Type 355. Type 1 are energy storage technologies capable of withdrawing 

electrical energy from the grid, storing such energy for a period of time and then re-

injecting this energy back into the grid. This include, but are not limited to, flywheels, 

batteries, compressed air and pumped hydroelectric56. 

 

 

A.1.8. Alberta Electric System Operator (AESO) 

 

In 2011, the Alberta Market conducted a study on the integration of the energy storage 

in conjunction with integration of wind energy. AESO solicited issues and comments 

from the stakeholders on legislation concerning the integration of the energy storage 

project. The main issues that were identified include the development of technical and 

operating requirements to connect and operate energy storage systems, identification 

of the appropriate tariff rates to apply to energy storage systems and the review of 

                                                
55 Type 2 – Energy storage technologies that withdraw electricity from the grid and store the energy for a period 

of time. However, instead of injecting it back into the grid, they use the stored energy to displace electricity 

consumption of their host facility at a later time. Ex. heat storage or ice production for space heating or cooling;  

Type 3 - Energy storage technologies that only withdraw electricity from the grid like other loads, but convert it into 

a storable  form of energy or fuel that is subsequently used in an industrial, commercial or residential process or to 

displace a secondary form of energy. They’re generally integrated with a host process that uses that secondary 

form of energy directly or are connected to a transmission or distribution network for their secondary form of energy. 

Ex. Fuel production (hydrogen or methane), steam production and electric vehicles. 

56 IESO. Energy Storage Report. March 2016. 
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technical requirements for the provision of Operating Reserves considering the 

characteristics of energy storage technologies. 

 

In September 2012, AESO launched an Energy Storage Integration Initiative which 

initially assessed possible ways of integrating energy storage by identifying and 

prioritizing issues that may exist within the current market design in relation to energy 

storage integration.  

 

In collaboration with AESO, Alberta Innovates Technology Futures conducted a study 

on using energy storage to support dispatch of wind systems. The final report 

suggested that wind systems could benefit from energy storage through profit shifting 

by creating energy arbitrage and energy firming. The same report also suggested the 

possibility of enabling wind participation in the operating reserves market through 

energy storage.  

 

Driven by the funding initiative of the Climate Change and Emissions Management 

Corporation, interest in integrating energy storage systems into the Alberta Market 

increased. North American Electric Reliability Corporation approved the new reliability 

standards for contingency reserves which allowed non-generating resources to 

provide regulating reserve and spinning reserve. 

 

In June 2013, the AESO launched an energy storage initiative in which AESO explored 

how energy storage can improve the grid without compromising reliability and 

efficiency57. 

 

In 2014, AESO released a discussion paper which explored the key considerations 

regarding the top priorities to advance the integration of storage technologies in 

Alberta58. 

 

                                                
57 AESO. Energy Storage Initiative Issue Identification. 13 June 2013. 

58 AESO. Energy Storage Integration. 13 May 2014. 
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Afterwards, AESO released a recommendation paper on Energy Storage Integration 

regarding the identified priorities. AESO recommended the complete drafting and filing 

of ISO Rules to address technical and operating requirement for battery energy storage 

systems (“Proposed Battery System Rules”) which was also consulted with   the 

industries in 201559. 

 

Rules were filed with the Alberta Utilities Commission and became effective on 25 April 

2016 on Battery Facility Energy Storage Operating Requirements60 and Battery Facility 

Energy Storage Technical Requirements61. 

 

AESO is currently working to determine rate treatment for energy storage facilities. 

Consultation began in 2016 and filing of proposal with the regular tariff is in 2017. 

 

The AESO is also currently consulting on Operating Reserve rules to allow technology 

neutral participation in regulating, spinning and supplemental reserves to allow 

technology such as storage to provide these services. 

 

 

A.2. ASIA-PACIFIC – Singapore 

 

A.2.1. Singapore Wholesale Electricity Market (SWEM) 

 

In SWEM, the ability of batteries to store energy withdrawn from the grid and to later 

release that stored energy back into the grid as ancillary service or regulation is seen 

as “generation”. As such, batteries are classified as generation facilities. This is in 

reference to the definition of “generate” and “generating station” in the Singapore’s 

Electricity Act. According to Singapore’s Electricity Act, “generate” means to produce 

                                                
59 AESO. Energy Storage Integration. 18 June 2015. 

60 ISO Rules. Part 500 Facilities. Division 502 Technical Requirements. Section 502.14 Battery Energy Storage 

Facility Operating Requirements. 

61 ISO Rules. Part 500 Facilities. Division 502 Technical Requirements Section 502.13 Battery Energy Storage 

Facility Technical Requirements. 
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electricity by means of generating station for the purpose of giving a supply to any 

premises or enabling a supply to be so give and “generating station” means any 

installation used for, or for purposes connected with the production of electricity62.  

 

Since batteries need to be dispatched for regulation, it will have to register as 

Generation Registered Facility63 with Energy Market Company. In order to 

accommodate batteries in the market, the existing Market Rules for Generation 

Registered Facilities were thereafter revised to make the same applicable to batteries. 

 

With regard to scheduling, similar to existing Generation Registered Facilities, the 

minimum offer requirement of 0.1 MW will apply to batteries in the regulation market. 

Multiple generating units at the same generating station can register as one facility to 

meet the 0.1 MW minimum offer requirement. All offers from batteries will be qualified 

by the Market Clearing Engine as long as the aggregate offered quantity of each 

battery do not go beyond its PSO-approved maximum regulation capacity. The Market 

Clearing Engine will then schedule adequate regulation from batteries and 

conventional generators based on its offer prices, to meet the requirement for 

regulation.  

 

Settlement for the capacity offered by batteries will be paid based on scheduled 

quantity of regulation as provided in the Market Rules. Regarding its dispatch, batteries 

are eligible for regulation provision via dispatch mechanisms approved by the Power 

System Operator64. A more detailed discussion on dispatch mechanism (output range 

setting, basepoint setting, multiple types of regulation signal, deadband, etc.) is 

provided in the discussion paper of the rules change proposal by Energy Market 

Company.65 

                                                
62 Singapore Electricity Act Revised Edition 2006. 

63 Singapore Electricity Market Rules. Chapter 8. July 2016. Generation Registered Facility or GRF means a 

generation facility that has been registered as a registered facility to provide one or more of energy, reserve, 

regulation or contracted ancillary services. 

64 Energy Market Authority regulates Singapore’s electricity and also acts as the Power System Operator (PSO) 

in Singapore. 

65 Energy Market Company. Notice of Market Rules Modification. Paper No.: EMC/RCP?80/2015/321 
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B. REVIEW OF RELATED LITERATURE, RELEVANT RULES AND PROVISIONS 

 

B.1. Test Procedure on Battery Energy Storage System  
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B.2. TC Correspondences 

 

a. TC-RSTR-2014-02 “RCC Request for Assistance”  
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b. COR-INT-TC-14-08 “TC Response to RCC” 
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B.3. List of Prospective Proponents with Battery Energy Storage Systems Projects66 

 

The list below is presented to highlight the current situation that there is a significant number of proponents for battery energy storage 

technology in the Philippines. 

 

Proponent Projects Installed 

Capacity  

MW 

Location Issuance 

AES Philippines Power 
Partners Co. Ltd. 
 

APPCL's Battery Energy Storage Solution Project 60 Mexico, Pampanga 1/31/13 

Battery Energy Storage Plant Project 40 Masinloc, Zambales 6/5/15 

Battery Energy Storage System 40 Laoag, Ilocos Norte 2/18/16 

Battery Energy Storage System 40 Bantay, Ilocos Norte 2/18/16 

Battery Energy Storage System 40 Villanueva, Misamis Oriental 8/7/14 

Masinloc Power Partners 
Co. Ltd.67                                                                                                 

Battery Energy Storage Plant Project 40 Toril, Davao del Sur 9/30/15 

Battery Energy Storage Plant Project 40 Maco, Compostela Valley 9/30/15 

SunAsia Energy Inc. 
 

Enerhiya Central Battery Energy Storage Project 40 Concepcion, Tarlac 4/8/16 

Enerhiya Sur I Battery Energy Storage Project 40 Lemery and Tuy, Calaca, Batangas 4/8/16 

Enerhiya Sur II Battery Energy Storage Project 40 Lumban, Laguna 4/8/16 

Enerhiya Delas Islas I Battery Energy Storage Project 15 Amlan, Negros Oriental 4/8/16 

Enerhiya Delas Islas II Battery Energy Storage Project 15 Ormoc, Leyte 4/8/16 

Enerhiya Delas Islas III Battery Energy Storage Project 15 Compostela, Cebu 4/8/16 

EQ Energy Storage, Inc. Cadiz Energy Storage 15 Cadiz City, Negros Occidental 5/24/16 

                                                
66 Based on the DOE’s list of companies with BES projects issued with clearance for Grid Impact Study as of November 2016. 

67 Formerly AES Power Partners Ltd. Co, issued last January 2015 
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