Our Manufactured Capital includes the physical
infrastructure, technology, and tools to provide and
deliver products and services. While geothermal energy
generation covers the bulk of our operations, they also
include geothermal steam fields, wells, power plants,
assets, and facilities. These convert our resources into
economic outputs and service goods.
Through our manufactured capital, we create value for
our stakeholders. Workplace safety is a priority, so we
invested in technology upgrades to improve streamlined
operations. In turn, this benefited our intellectual capital.
All these are extended to our communities, empowering
our human and social capitals.
As we deliver our services to our customers, our
manufactured capital is converted into financial capital in
the form of revenue from energy sales.

Activities
•
•
•
•
•
•
•
•
•

Enterprise risk
management (ERM)
Equipment upgrades
and maintenance
Control System
Integration
Planned maintenance
shutdowns
Natural catastrophe
resiliency program
Asset management
program
Typhoon-proofing of
facilities
Digital weather forecast
and seismic sensors
Well services and
monitoring

Outputs
•
•
•
•
•
•
•
•

Manufactured Capital

High reliability and
availability of steam
fields and power plants
Improved resilience of
assets to climate change
and geohazards
Total steam delivered:
72.64 Million metric
tonnes
Completed construction
of geohazard/landslide
mitigation measures
Completed forest fire
control measures
Completed earthquake
resilience measures
Completed other
enablers (weather,
slope, earthquake, data)
NatCat site technical
teams

Value Created
•
•
•

•
•
•

•
•

Improved equipment
reliability
Climate change and
natural catastrophe
resiliency
Improved safety and
prevented prolonged
outages due to natural
catastrophe
Sustained generation
of EDC’s existing
geothermal fields
Geothermal resource
management
Expanded the
business, exploration,
and development
locally and
internationally
Technical due
diligence
Technologies that
will add revenue or
improve efficiency to
generate power

Finding the best partners
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Contribution to SDGs

Risks
•
•
•
•
•
•

Project execution
Equipment durability
and reliability
Geothermal capacity
Climate change
impacts
Forced outages
Other natural
calamities
(e.g., earthquakes)

Safety First Guaranteed at EDC
I am a Flow Test & Sampling Geochemist. Ever since
I’ve assumed this position, I knew that one of the
main, if not the most vital, part of my daily work
is to ensure the safety of people. That is why our
team has been very conscious in prioritizing safety
over production. We aim not just to talk about it,
but to make it as integral and as intrinsic as possible
in our day-to-day work execution. We believe that
although it may be the case that effective work
execution translates to good production, marrying
safety with effective work execution will result in
operational excellence.
In our yearly key performance indicators and
monitored accomplishments, leading and lagging
indicators such as TRIR, attendance to defensive
driving seminars, undergoing roadworthiness
inspections, timely FAR and IIR submission,
participation in Health, Safety, and Environment
(HSE) trainings, to name a few, are imperative. Our
Continuous Improvements (CIs) such as extension
of our tapping ports to pad surfaces so that workat-heights and confined space risks are eliminated
and/or mitigated are also geared towards providing
a safe work place.
This year was no different. We recognized that the
drive to prioritize and improve on safety is even
clearer and more vigorous than ever. In line with
the Regenerative HSE Culture that the company
is pursuing, the team has been very supportive
in engaging our people daily to take active
participation in the HSE transformation journey.
HSE is now being steadily inculcated in the behavior
of our people, not just as mere followers of safety
programs but each slowly seeing themselves as HSE
leaders.
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Additionally, we believe that insights, comments,
feedback, and recommendations from every angle
of the organization, along with safety of voice,
are crucial in driving this journey forward. One
such program that supports this and is one of our
non-negotiables in our weekly calendar is our
Team Tailgates. Although site-wide and even fleetwide Tailgates and Townhalls are conducted, we
have proven that only in these focused groups are
discussions more fruitful, more engaging, and more
productive. During these weekly Team Tailgates,
people feel that their safety concerns are being
listened to as well as being addressed, and only then
can we reassure them that their participation in our
programs (e.g., Good catch, HSE conversations, risk
management, etc.) will not just have a consequential
impact on the company but to their individual safety
as well.
At the end of the day, the goal is not just to craft,
execute, and assess the effectiveness of a safety
program, but to show genuine care and concern for
the safety and welfare of not just ourselves, but the
people we are working with as well.
Niño Christian Pedraza is a Geochemist and Head
of Flow Test and Sampling in EDC Leyte.
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The intensity and frequency of typhoons have been
increasing. To reduce their risks and damages, we
strengthened and typhoon-proofed our facilities. In
the powerhouses, we installed thicker roofing sheets,
added purlins on the roofs, built studs on the walls,
and reinforced the roll-up doors.
In addition, we constructed concrete-bunker type
buildings in our control buildings, replaced wooden
materials with Fiber-Reinforced Plastic (FRP) in the
cooling towers, and reinforced fan decks and fan
cylinders.
EDC has a nationwide presence, with facilities
located in Luzon, Visayas, and Mindanao. In total,
we have a combined current installed capacity of
1,476.6 Megawatts (MW). To date, we have 10
geothermal contract areas, four of which have
commercial operations. These facilities are located
in Leyte, Negros Oriental, Albay and Sorsogon, Mt.
Apo - Cotabato, Nueva Ecija for FG Hydro, Burgos
Wind Energy and solar in Ilocos Norte, and the
EDC Siklab Power Corporation with solar rooftops
installed in Gaisano malls located in Iloilo, Aklan,
Leyte, and Sorsogon.
We provide power to electric cooperatives
(ECs) and distribution utilities (DUs), supplying
commercial, residential, and industrial customers.
Our BacMan Geothermal, Inc. (BGI) and Green
Core Geothermal, Inc. subsidiaries are also
licensed to provide electricity to eligible businesses
and institutions under the government’s Retail
Competition and Open Access (RCOA) and its
Green Energy Option Program (GEOP). We have
a diverse customer base which includes commercial
and institutional clients and directly connected
customers.
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In creating value for our stakeholders and ensuring
business sustainability, we provide them with flexible
contract terms, value-added services, and guidance
in their transition to renewable energy. We assess
and evaluate our performance in delivering power
to our customers and use this to strengthen further
and improve our services—this in turn helps promote
customer satisfaction and retention.
Our headquarters are located in Manila, but we
ensure local employment in our areas of operation.
We prioritize qualified applicants from our host
provinces for career opportunities. EDC complies
with current wage orders and minimum wage
standards. Moreover, we benchmark offers against
the industry average. Apart from job security, EDC
also contributes to local economies by working with
locally-based suppliers. We work closely with our
community organizations and cooperatives and
implement programs to build their capacity for
economic participation.
Our facilities and operational efficiency are
maintained through the Facilities Management
system (FMS). The risk of natural disasters and
the mismanagement of manufactured capital will
hamper our operations. With a holistic perspective,
the impacts of our facilities in our energy generation
process go beyond business and extend to our host
communities and the environment. To regenerate
our manufactured capital, we conduct upgrading
programs and retrofitting activities, along with
impact management. All these are handled through
our FMS. To evaluate the success of our operations,
we look at its overall efficiency, the productivity of
our employees, and the quality of service delivered
to our customers.

ENERGY DEVELOPMENT CORPORATION 2021 INTEGRATED REPORT

Key Inputs and Strategic Operations
Through our manufactured capitals, we maximized
power generation from the available steam and
ensured plant reliability and availability for power
generation services. EDC also facilitated the speedy
return to service of equipment affected by physical,
technological, or climate-related impacts.
With our Facilities Management System (FMS),
we ensured the timely preventive maintenance
servicing of all generating units. FMS also worked
on the optimization of manufactured capital by
drilling additional wells. All of these strengthen the
resilience program of EDC, which is converted into
value for our customers.
In our geothermal reservoirs, we increased the
geothermal capacity in local and international
projects. We prioritized efficient operations
and development of assets in the near-term and
greenfield projects in the long-term through:
1. Geophysical/geochemical surveys
2. Well utilization strategy
3. Smart instrumentation
4. Installations and automation (calcite/silica
inhibition)
5. Regular well surveys (CIC, DHV, etc.)
6. More optimized well and field surveillance
7. Use of Corrosion Resistant Alloy pipes for
acidic resource
8. Strategic partnerships/joint venture
(Technical Due Diligence)
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2021

7,490 GWh

1.7 MT

G E NE R AT E D TOTA L E NE RGY

C AR BON S E Q UE ST E R E D

WIND AND SOLAR OPERATIONAL HIGHLIGHTS
Burgos Wind
Actual Energy Generation
(GWh)

Burgos Solar

Solar Rooftop

2021

2020

2019

2021

2020

2019

2021

2020

2019

414.8

367.0

340.9

8.4

10.2

9.5

5.2

5.6

6.7

Net Capacity Factor (%)

31.7

27.9

25.9

17.8

17

15.5

11.5

12.33

14.8

Availability (%)

96.8*

97.9*

98.7*

PR=745

PR=74.9

PR=74.4

PR=73.6

N/A

N/A

Reliability (%)

99.9

99.9

99.9

98.8

98.5

95.7

99.2

N/A

N/A

Planned Outage (in hours)

32.8

28.8

35.2

0.0

0.0

0.0

66.5

0.0

0.0

5

13.4

4.6

194.3

362.8

797.3

618.9

567.7

0.0

Unplanned Outage
(in hours)
* Energy-based availability
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EU2, EU10, EU30

GEOTHERMAL OPERATIONAL HIGHLIGHTS
Bacman

Unified Leyte

Tongonan

2021

2020

2019

2021

2020

2019

2021

2020

2019

Actual Energy Generation
(GWh)

1,019.98

1,025.1

1,066.8

2,951.02

3,389.8

3,470.2

941.5

929.9

901.6

Net Capacity Factor (%)

87.1

87.6

91.5

58.2

67.6

72.7

93.7

93.8

106.5

Availability (%)

94.3

95.7

93.4

88.2

93.4

85.3

95.8

95.7

98.8

Reliability (%)

96.4

96.4

99.1

90.8

94.2

87.3

99.1

96.4

99.4

Planned Outage (in hours)

432.0

431.9

368.1

2,578.8

575.8

2,350.6

904.2

213.3

308.0

Unplanned Outage
(in hours)

806.1

963.9

561.8

19,500.7

12,411.6

18,385.8

224.3

1,078.4

78.6

Palinpinon

Nasulo

Mindanao

Actual Energy Generation
(GWh)

1,183.9

1,110.2

1,201.1

316.5

320.9

308.9

648.2

693.8

716.0

Net Capacity Factor (%)

75.7

83.0

84.4

70.2

82.6

78.2

66.1

79.0

79.1

Availability (%)

90.8

89.6

97.0

85.8

99.8

95.8

97.6

99.5

98.6

Reliability (%)

94.4

90.3

99.1

85.8

99.8

99.2

99.6

99.5

99.7

Planned Outage (in hours)

1,934.1

288.6

496.1

0.0

0.0

183.2

339.9

0.0

351.3

Unplanned Outage
(in hours)

1,270.5

3,999.3

2.011.7

1,227.2

21.5

161.3

77.2

74.5

194.5
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Risks, Enterprise Enhancements, and Governance
Under manufactured capital, EDC takes on risks
such as natural catastrophe, project execution,
equipment reliability risks, and geothermal capacity.
The worsening climate crisis and extreme weather
conditions pose a serious concern to EDC’s
operations, facilities, and host communities.
Typhoon Odette was one such event that damaged
infrastructure and disrupted day-to-day living in
2021.
Its landfall in the Visayas region in December 2021
resulted in outages at our geothermal power plants
in Leyte. While we were able to restore facilities,
which sustained minor impact, in five days, damage
to transmission lines operated and maintained by
the National Grid Corporation of the Philippines
(NGCP) continued to affect electricity distribution.
Additionally, the Nasulo power plant experienced
an outage in March due to the activation of its main
transformer On Load Tap Changer surge relay. It
was repaired and restored within 52 days.
To address and further prevent outages such as these,
we developed a Natural Catastrophe (NatCat)
Resiliency Framework that covers initiatives before,
during, and after disasters. These include identifying
potential landslide areas and mitigations, installing
sensors as early warning devices on ground
movements, and developing dashboards for realtime sensor monitoring. We also established an
on-site weather forecasting system in partnership
with a weather forecasting company and created
a hazard map model on landslide susceptibility and
forest fire hazards.
In Leyte, we completed all six typhoon-proofing
building projects, lowering the risk level for typhoons
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from high to medium. EDC also completed two
cooling tower replacement projects, addressing the
risks from earthquakes and typhoons. The buildings
and cooling towers did not sustain heavy damage
from Typhoon Odette.
In mitigating geohazard risks such as landslides
and floods, EDC has completed all nine mitigation
projects fleetwide. With the controls put in place,
we have lowered the risk levels in these areas
from medium to low. We have also completed
two additional projects. These are the landslide
mitigation for the new expansion areas in Leyte- Pad
MGM and Pad UMD. We have been proactively
identifying and mitigating potential risks even before
wells are drilled and pipelines are constructed.
Furthermore, EDC conducted the following activities
to support resilience to natural catastrophes:
•
•

•
•

•

Quarterly Updating of Risk Assessments
Implementation of Forest Fire Protection
Measures
(Establishment
of
Firelines,
Engagement of Fire Trucks, Purchase of Fire
Fighting Tools)
Conduct of LiDAR Survey and Updating of
Landslide Susceptibility Maps
Re-deployment of Emergency Restoration
Structures to ensure quick Return-to-Service
in case of transmission line damage during
typhoons
Geohazard Assessments for both local and
international projects

As a result of these continuous efforts in mitigating
risks to natural catastrophes, EDC is now at medium
risk levels in terms of typhoons, geohazards,
and forest fires. We still have high risk nodes for
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earthquakes, but we are gradually reducing them
through the continuation of the NatCat Resiliency
Program.
Mitigating earthquake risk is one of the EDC’s
priorities for the coming years. We will continue
with the cooling tower replacement programs and
strengthen our powerhouses and critical buildings
through structural retrofitting.
In relation to the risks from the ongoing pandemic,
new guidelines and protocols were laid out and
are continuously being revisited as new evidence
arrives. EDC provided equipment necessary for
the implementation of the protocols including, but
not limited to, ventilation improvements, thermal
scanners, medicines, and PPE. We also hired
additional human resources for health (HRH)
including various health experts and implementers
on the ground.
We also mitigated equipment and project
execution risks in some of our facilities through
an Asset Management System, aligned with ISO
55000:2014 standards. Key parts of the EDC Asset
Management System include Reliability Centered
Maintenance (RCM), Risk-Based Inspection (RBI),
and Maximo, our enterprise asset management
solution from IBM. In addition, EDC identified
asset-related risks through the Failure Mode Effects
Criticality Analysis (FMECA). The critical risks are
included in the Critical Asset Risk Register (CARR),
which is managed at the facility level. These insights
are further incorporated in developing the LongTerm Asset Plan (LTAP).
In our geothermal operations, EDC faced challenges
in steam decline and reservoir processes, insufficient

reinjection capacity, well integrity issues, and the
experimental nature of major innovation projects. To
ensure these risks are addressed, we implemented
a management-approved Drilling Program and
a Project Stage Gating Process, along with Well
Risk Review Framework and Well Risk And Asset
Management that reinforced the operational
efficiency of our facilities. We also implemented
the Leytex Bilateral Steam Exchange as part of
our Fluid Collection and Recycling System (FCRS)
optimization initiative.
In addition, we installed a scale-inhibition system by
Nalco Water (an Ecolab company) to address the
crucial blockage in the two-phase header where all
the wells of a production pad are connected. This
was caused by mineral deposits of silica and iron
sulfide, an obstruction that could have decreased
the geothermal output of the wells by 65%. Two
products were used to prevent or slow down
future blockage: Nalco® GEO980 and Nalco
® GEO962. The first tool, Nalco® GEO980,
greatly reduced silica buildup, while Nalco ®
GEO962 dispersed and controlled the iron sulfide.
These products were selected through Nalco
Water’s Geomizer™, a digital modeling tool that
determines the proper remedies for a plant’s scale
and corrosion risk. Then, Nalco Water implemented
a treatment plan following a technical evaluation.
After four months, the treatment plan resulted in a
70% annual reduction in scaling and prevented
production decline. It also reduced downtime,
decreased chemistry usage, and increased the
interval between mechanical pipeline cleanings
twice a year to once every two years.
We also introduced Low Temperature Arc Welding
for our power plants and qualified the methods for
our rotating equipment repairs. As a result of the
considerable time spent in workshops employing

57

|

another type of cold submerged arc welding
(SAW), turbine diaphragms don’t wrap and rotors
don’t bend. In the past, the SAW method would
often result in bent rotors that would have to be
shipped to Indonesia, Australia, Scotland or the US,
with substantial costs and prolonged outages. One
rotor that bent ultimately cost close to PHP 40 million
to repair. In collaboration with our local partners,
we slowly worked to establish capability, developed
work procedures, and qualified both the technology
and methodology. We started with non-rotating
parts to prove our technology. In the first stage of the
process, we repaired valves and valve flanges (the
part of the valve where gaskets are embedded) and
proved successfully that the technology works. Our
age-old expensive issue of warping flanges with
the old welding and rebuilding methods are now a
thing of the past. Crucially, the turbine rotor journals
(the part of the rotor that rests on the bearing)
used to take six months and caused considerable
risk of bent rotors given that the repairs expose the
equipment to 650°C temperatures. If the rotors
are bent, shipping would take two to three months
round-trip, and stress relieving or straightening
would take another three months.
As of January 2022, we now have 100% rotating
spares, many of which have used the new method.
The method is also used to repair eroded leading
edges of blades normally in the low pressure stages
on the back end of the turbine, where most of the
condensation takes place.
In the past, a turbine repair with a bent rotor cost
us over USD 1 million to repair, with close to 13
months of opportunity cost. Today, the repair takes
three months at a cost of sub USD 300,000, with
certainty in the outcome and substantially less stress
on the equipment along the way.
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Considering the importance of EDC to integrating
these new systems with our operations, we continue
to implement initiatives to protect, maintain, and
upgrade our manufactured capital. These are
enhanced resource management, geoscientific
activities, continuous development and testing
of existing wells, drilling of new wells, and well
intervention, to name a few. For our geothermal
reservoirs, we have routine monitoring and
maintenance, which include preventive and
corrective maintenance.
All of these underscore EDC’s focus on purposeful
innovation, leveraging technology to further
advance its mission to build a decarbonized and
regenerative future.

Delivering Value
Through our Natural Catastrophe (NatCat)
Resiliency Framework, we completed 24 targets
for 11 Landslide Mitigation Projects, six Typhoonproofing Projects, two Cooling Tower Replacements,
and five sites implemented with Forest Fire Control
Measures. We ensured this level of safety and
resiliency were observed in all our sites by following
the NatCat framework supervised by the NatCat
Site Technical Teams. In promoting timely and
accurate information dissemination critical to our
operations, we implemented SMS alert notifications.
These equipped our teams with better weather
forecasts and met, slope, and earthquake data.
Through these initiatives, we enhanced our capacity
to prevent prolonged outages and safety incidents
due to natural catastrophes such as typhoons,
landslides, earthquakes, and forest fires.

this through improved equipment reliability and
availability, effective asset management practices,
increased generation resulting from high and
low-pressure steam segregation, and enhanced
efficiency from regular monitoring and preventive
maintenance. We also expanded our generated
energy from reduced plant consumption of auxiliary
steam (hybrid GRS) and the significant increase
in ancillary service revenue resulting from control
system upgrade compliant to AGC (Automatic
Governor Control).

Our manufactured capital generated a total
energy of 7,490 GWh. We further strengthened

Equipment upgrade and adoption of new
technologies remain a priority in our geothermal
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Further, our explorations and drilling of new wells
provided us with additional steam capacity, while
the upgraded cooling structures improved plant
availability and enhanced our facilities’ typhoon
resiliency.
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resource, along with initiatives to add revenue
and improve our efficiency in power generation.
In our geothermal reservoirs, we optimized
geothermal resources by developing new pads
and Fluid Collection and Recycling System (FCRS)
interconnection. We also conducted Technical
Due Diligence in various local and international
geothermal assets for possible acquisitions or joint
venture opportunities.
EDC made significant progress on its binary plant
projects, with both the 29MW Palayan Binary Power
Plan (PBPP) and Mindanao 3 (M3) binary plant
commencing site work in 2021. As evidence of our
commitment to upholding rigorous safety standards
across our sites, the Palayan plant recorded 1
million safe working hours. The Mindanao plant
noted 500,000 safe working hours without a losttime incident as of December.

The 20MW Tanawon geothermal power plant
was awarded a grant from the Joint Crediting
Mechanism (JCM) of Japan amounting to JPY1.6
billion (PHP 640 million) in September 2021.
Throughout the year, the Tanawon plant project
underwent contract negotiations for contractors and
gained conditional approval before finally being
endorsed by Sorsogon City in December.
Lastly, the 36MW Mahanagdong geothermal
brine optimization plant gained approvals from the
Department of Environment and Natural Resources
(DENR) and National Grid Corporation of the
Philippines (NGCP) for its ECC and facility study.
Its brine nomination has been confirmed at 500
kilograms per second.

Energy generation with subsurface geothermal resource enhancements
In 2021, we enhanced our operations through
various upgrades, including the Online Dissolution
(OnDi), a new method of well intervention that is
less costly and offers a promising alternative to the
reinjection well (RI) recovery capacity. Implemented
in our BacMan site, OnDi introduced a new and
more cost-efficient way of addressing silica scaling,
a common concern in geothermal operations.
The conventional method of addressing silica is
through bullhead acidizing (BHA) which costs over
PHP 50 million to implement. This method also
presents issues on chemical cost, delivery, corrosion
due to overdosing, and slow improvements in the
reinjection capacity (RICAP).
With the integration of OnDi in our BacMan
operations, we ensured intensive, vigilant, and
real-time pH monitoring. The results of the BacMan
OnDi showed notable improvement in the RICAP of
three projects. For the three projects, the total cost
generated was PHP 63.9 million compared to the
potential expenses using the conventional methods
of PHP 201.5 million.

accepting loss zone to a minor loss zone. Through
the process, fracture connection is increased, thus
potentially improving well production performance.
A significant rise in downhole pressure was
observed after the successful stimulation with high
concentration TZIM pills.
In the succeeding days, a steady pumping rate
was maintained, which led to the initial post TZIM
mirroring a post deflagration historical performance.
Within the year, the two wells recovered their prestimulation outputs. Moving forward, a final stage
gating after well stabilization is recommended
to determine if the technology can deliver on
stimulation capability.

Overall, OnDi is a promising and effective alternative
that is less costly and less invasive. However, one
major drawback is the slow improvement in the
RICAP, which can be further improved. Future focus
on the OnDi includes chemical optimization and
possible online hot RI wells application.
Adding to OnDi, we also utilized thermallydegradable zonal isolation material (TZIM)
technology on two EDC wells to reduce risks and
operating costs. TZIM is a stimulation technique
used to enhance well permeability by pumping
high-pressure water and diverting it from a highly
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EDC expands geothermal facility to reduce PH carbon emissions
Leading the path of decarbonization, EDC, through
its BacMan Geothermal Inc. subsidiary, kicked off
its PHP 7 billion PBPP project. This expansion will
increase EDC’s existing 130 MW geothermal
energy generation capacity to 159 MW. The same
low-carbon project was implemented in Japan,
helping it achieve its own carbon reduction goals.
With renewable energy, the Philippines can reduce
its carbon emissions by 72,200 tonnes per year.
The PBPP will use the waste heat from the 110MW
BacMan-1 geothermal power plant to generate
additional energy without the need for further
drilling. The heat from brine, which is usually
produced from the wet steam operations, will be
used to generate electricity by the new power plant
before re-injecting back to the reservoir.

In addition, the new binary power plant is also
critical not just in decarbonization but more so in
helping build regenerative communities. The project
strengthens EDC’s initiatives in empowering its host
communities through local job employment, skills
development, and livelihood opportunities.
EDC with Keitech Foundation, Technical Education
and Skills Development Authority (TESDA), the local
governments of Sorsogon and Legazpi, along with
the PBPP’s construction contractor, First Balfour Inc.,
signed a memorandum on the skills development
and values formation training of 120 qualified youth
from the host communities of BacMan. The program
provides on-the-job training for the students, who
will be absorbed for employment in the company
after graduation.
The safety of EDC’s employees and contractors
also remains a priority, evidenced by no injuries
or accidents reported from the 300 workers on-site
since the PBPP project was rolled out in November
2020.
In a statement, EDC President Richard Tantoco
underscored the importance of safety in EDC’s
culture and its crucial role in helping provide clean,
stable, renewable energy amid the pandemic,
particularly in critical industries. He also reminded
the employees and contractors that they are all
safety leaders who have to return to their families
and friends.
EDC has an existing Occupational Health and
Safety policy strictly enforced and observed in all
of its sites, along with the health protocols for the
ongoing pandemic.
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