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Foreword & Acknowledgements

PDCI prototypes can take-off faster and grow better under favorable conditions. One such condi-
tion is if governments provide a supportive policy environment for the business ecosystems
emerging around renewable energy.

One requirement for such a supportive policy environment is a well-conceived government strat-
egy to make the full energy transition to renewable electricity as soon as it is technically and eco-
nomically feasible, opening up the market for renewables. This condition is the focus of this policy
brief. Another favorable condition is if RE developers find a way to reduce their prices through
economies of scale, enough to trigger virtuous cycles of price reductions and expanding markets.
This second condition is the focus of another policy brief.

Using the Philippine case as historical example, this policy brief proposes a particular strategy to
create a favorable environment for attaining the energy transition to renewables sooner.

The author thanks GIZ for the opportunity to present this policy brief before an international gath-
ering of energy and climate experts, which enabled him to improve the document significantly.

Executive Summary

The policy brief involves focusing on the intermediate goal of meeting a country’s new de-
mand/supply requirements with 100% renewables. By taking the baseline mix of fossil-based and
renewable sources as given, and concentrating on the new demand/supply requirements, the
policy brief shows that the fossil (as well as nuclear) option can be excluded from a country’s
energy plans earlier than expected.

The policy brief includes a detailed application of the method in the Philippine case, where it turns
out that the country could have excluded the fossil-fuel option entirely from the Philippine electric-
ity sector during the 2012-2016 administration of President Benigno Aquino 1.
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1. Introduction to the Policy Brief

Most countries define their transition goal by specifying a target share of renewables in the elec-
tricity mix by a particular year. The Philippines, for instance, has publicly announced its target of
50% renewables in its electricity mix by 2030, from around 30% today (Layug 2015, 21). Some
countries go further and set a target year, say 2050, by which they will make the full transition to
100% renewable electricity.

Specifying targets and goals this way does not inspire much enthusiasm. The year 2050 is a long
way off, making it hard to get motivated by such a distant target. Even intermediate targets like
“50% renewable by 2030” do not improve the situation much, because they only give a sense of
guantitative but not qualitative change, and even 2030 is still a long way-off.

What is needed is an intermediate goal that is simple, concrete and realistically attainable soon.
This policy brief proposes such an innovative intermediate goal.

This policy brief paper proposes that countries adopt a target year for an intermediate goal of
100% renewables for new demand. This goal takes existing demand and supply, including the
latter's mix of renewables and non-renewables, as given. It focuses instead on new demand, for
which new supply must be provided. And the goal is for these new supply to be 100% renewable.
Figure 1, below, illustrates how the approach will appear for a hypothetical country with 20% RE
in its current electricity mix (lower green band, labelled RE-OId), 80% fossil-based (middle gray
band, labelled Fossil). Its supply plus required reserves are planned to grow at around 3% per
year (upper green section, labelled RE-New).

Such an intermediate goal, although a moving target, is simple, concrete and realistically attaina-
ble within a few years. It is therefore highly motivating. Reaching the goal will be a momentous
milestone, because it means that all future plans for supplying electricity can exclude fossil-
fuelled (and nuclear) power plants. It will mean a full stop to CO2 emissions in the electricity sec-
tor—a dramatic outcome. It will be seen as a huge success for a country's energy transition to
renewables, because it creates a sense of leaving an era behind and entering a new phase of
energy development.

Figure 1. A better intermediate goal: 100% RE for all new demand
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Once the intermediate goal is in place, the subsequent goals in the energy transition will be
equally simple, concrete and realistically attainable every few years or so: scheduling the early
phase out, one by one, of ageing fossil-fuelled (and nuclear) power plants.
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2. Approach and results

The author has presented the substance of the policy brief in a number of meetings and confer-
ences in the Philippines. In the process, the approach taken has become well-known, especially
among NGO circles, resulting in even more invitations to speak on the issue. The author has
presented the policy brief, as a case study of Philippine energy planning, in the following forums,
meetings and conferences, which all occurred in the second and third quarters of 2016:

1. Technical meeting of the National Renewable Energy Board

2. The author presented the policy brief to GIZ personnel assigned to the Department of
Energy

3. General Assembly of the Global Alliance for Incineration Alternatives (GAIA)

4. General Assembly of Social Watch Philippines to draft position papers for the incoming
Duterte administration

5. Conference on a proposed energy roadmap for the incoming administration, called by the
Center for Power Issues and Initiatives (CPII)

6. Solar Summit, a major international event held at the Mall of Asia Convention and
Exhibition Center in Manila.

7. Power Trends 2016, another major international event held at the at the Mall of Asia
Convention and Exhibition Center in Manila. In this event, the author was on the same
panel as the director of the government's Renewable Energy Management Bureau
(REMB), one of several bureaus under the Department of Energy (DOE).

8. RE 101 Training Program of the Freedom from Debt Coalition

9. Training Course on Small-Scale Renewable Technologies held by the Center for
Renewable Electricity Strategies (CREST)

Before the May presidential elections, the author also sent copies of the Philippine-specific ver-
sion of the policy brief to all presidential candidates (one candidate acknowledged receipt; he did
not become president though), vice-presidential candidates, and senatorial candidates.

After incoming president Rodrigo Duterte had appointed his new cabinet, the author also sent
copies of the Philippine-specific version of the policy brief to the Secretaries of the Department of
Energy, the Department of Environment and Natural Resources, the National Economic and De-
velopment Authority (NEDA) and the Climate Change Commission (CCC).

As a result of all these efforts, the author has received a number of positive responses to the
policy brief, as follows:

1. A version of the brief, written specifically in the Philippine context, has been published by
the NGO Social Watch Philippines, and submitted by SWP to the government’s
economic planning body, the National Economic and Development Authority (NEDA).

2. The author has been nominated by an environmental group and endorsed by a number
of NGO networks to become a member of the National Renewable Energy Board
(NREB), a government body that advises the Department of Energy

3. The author’s organization has been invited by the Department of Trade and Industry —
CARAGA region (one of the regions in Mindanao) to conduct a training on renewable
energy for their staff and local governments and the region
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4. The author continues to receive invitations to present the approach contained in the
policy brief

5. The Department of Energy acknowledged receipt of the paper sent by the author, but has
not responded to the substance of the paper. The director of the DOE’s Renewable
Energy Management Bureau, Director Mario Marasigan, did not make any direct
response either after he heard the author’s presentation.

In summary, the policy brief has made significant inroads in the thinking of the NGO community,
but apparently has made little dent on government thinking.

3. Implementation and Recommendations
The implementation of the policy involves the following steps:

On the demand-side:

1. Obtain the official business-as-usual demand projections of the government’s energy
planning body.

2. Obtain the official energy efficiency/conservation targets of the government, which is
often expressed in terms of megawatts deferred (or megawatt-hours saved) per year,
and apply these targets to the demand projections over the planning horizon, to get what
may be called the energy-efficient demand projections.

On the supply-side:

1. Using the government’'s own formula/method for determining reserve requirements,
calculate the reserve capacity that must be added to the energy-efficient demand
projections, to get the total supply requirement over the planning period.

2. Based on government data, determine the existing baseline supply, which planners can
take as given. These include existing dependable plants as well as committed capacity
(plants whose contracts have been signed, loans released, construction started, etc.)

3. The difference between the supply requirement and the baseline supply represents the
capacity that must be planned for and built during the planning period, which we call in
this paper the new supply.

4. Obtain the government’s renewable energy targets and make plans to ensure that
renewables alone can meet the new supply that is still required.

When the author made a case study of the Philippines based on the policy brief, he found that
the total RE targets significantly exceed the new supply required for the planning period.

This meant that in the Philippine case, its energy plans for future capacity do not need any fossil-
based plant anymore.
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4. Conclusion

The policy brief uses the same government data, but because of its innovative approach makes it
possible for energy planners to determine how soon they can exclude fossil-fuels plants in the
electricity mix.

The approach has been received enthusiastically by the non-government/civil-society sector as
well as a significant section of the private sector. However, presumably due to policy intertia, the
government has been slow to respond to the idea..
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5. Annex

Included below as annex to this policy study is the Philippine case study written by the author.
This case study was published by Social Watch Phlippines as well as by the author’s organiza-
tion CREST. The author includes it here for the information of PDCI participants who might want
to try applying the approach in their own country. The author is willing to work with interested
PDCI participants to conduct other country case studies.

A case study in energy planning in an era of low-cost renewables:

The Agquino administration could have ensured a coal-free future for Filipinos within its term
by Roberto Verzola
The Philippine Energy Plan 2012-2030: a remarkable document

This paper is a historical case study of the energy plan of the Aquino administration. Hopefully,
the Duterte administration can learn from the good and bad points of the Aquino energy plan.

We will show that it was already possible to ensure a coal-free future in Philippines as early as
2013, because the programs needed to attain this goal were already in the Aquino administra-
tion's Philippine Energy Plan 2012-2030 (PEP 2012, for short).

Figure 1. The remarkable PEP 2012-30

PEP 2012 (Figure 1) was published by the Department of Energy

s as the official energy plan of the Philippine government.
Philippine Energy Plan
2012-2030

Had the government taken seriously the specific targets of two
PEP 2012 components—the Philippine Energy Efficiency Project
(PEEP) and the National Renewable Energy Program (NREP)—
this paper will show that the country would have been able within
a short period to meet all new electricity demand with 100% re-
newable energy.

This, in turn, would have removed the need for any fossil-fueled
power plant in the country's energy plans for the future.

Unfortunately, the combined impact of the PEEP and the NREP
were not seen in this light by the Philippine government. No energy official apparently made the
connection. Thus the remarkable conclusions lurking within the PEP 2012 have remained hidden
and unappreciated until now.
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Methodology

We will establish our conclusions above by using the government numbers and targets given in
the PEP 2012:

A. Lower, more energy-efficient demand projections, 2012-30. Given the PEP 2012 busi-
ness-as-usual demand projections, we will apply the PEEP target to generate new de-
mand projections, which will be lower because they are more energy-efficient.

B. New required reserves, 2012-30. From these new demand projections, we will use the
government's own formula to calculate the required reserves.

C. New required supply capacity, 2012-30. The energy-efficient demand projections plus
the required reserves will give the required supply for the planning period.

D. Baseline capacity as of 2011. The dependable installed capacity plus committed pro-
jects as of 2011 will give the baseline capacity as of 2011.

E. New required supply capacity additions, 2012-2030. The required supply minus this
baseline capacity gives the new additions that the government must actually plan for.

F. Planned RE-only additions, 2012-30. The National Renewable Energy Plan contains
the planned RE additions. If total of these additions exceed the required new supply, then
it becomes possible for new supply to come from RE-only plants. This means we can ex-
clude fossil-fueled power plants from our energy planning for the future. No more coal in
future energy plans.

A. New, energy-efficient demand projections: BAU projections minus PEEP
targets

PEP 2012 gives a “reference scenario”, its projection of the country's business-as-usual (BAU)
electricity demand for the specified period. This scenario projects an expected BAU demand of
23,158 MW by the end of the planning period in 2030. (For the numbers, see Table 2, second
column)

Table 1. Business-as-usual (BAU) demand and supply projections in MW, 2012-2030

Source: Department of Ener-
gy, PEP 2012-30, Figs. 44-46,
pp.96-97.

The Philippine Energy Effi-
ciency Project or PEEP (PEP
2012, 144-149) trims down the
growth of electricity demand.
The PEEP target is 200 MW
savings per year (PEP 2012,
144). The project intends to
attain this mostly by distrib-
uting CFLs to the residential
sector.
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Assuming that the project had been attaining its goal since 2013 and would continue to do so
until 2030, then this would reduce the goverrnment's BAU demand projections by 200 MW per
year, to arrive at an energy-efficient demand growth scenario for the Philippine power sector
(Table 2, third column).

Table 2. Philippine demand and supply scenarios, 2012-2030, MW

Demand and Supply Scenarios, MW
Demand Scenario Required Supply
Year BAU Efficient BAU Efficient
2012 10,944 10,944 12,676 12,676
2013 11,402 11,202 13,152 12,944
2014 11,865 11,465 13,634 13,218
2015 12,348 11,748 14,136 13,512
2016 12,832 12,032 14,639 13,807
2017 13,352 12,352 15,180 14,140
2018 13,880 12,680 15,729 14,481
2019 14,429 13,029 16,300 14,844
2020 14,998 13,398 16,892 15,228
2021 15,660 13,860 17,580 15,708
2022 16,353 14,353 18,301 16,221
2023 17,076 14,876 19,053 16,765
2024 17,834 15,434 19,841 17,345
2025 18,625 16,025 20,664 17,960
2026 19,453 16,653 21,525 18,613
2027 20,319 17,319 22,426 19,306
2028 21,223 18,023 23,366 20,038
2029 22,169 18,769 24,350 20,814
2030 23,158 19,558 25,378 21,634

Source: Author's calculations, based on government figures and formulas

Note that while the BAU scenario shows a year-on-year increase averaging 4.25%, the energy-
efficient scenario averages only 3.28%, clipping nearly 1% from the projected average annual
growth rate in electricity demand.

B. New required reserves: 4% of demand plus 1,294 MW

It is not enough to supply as much electricity as the demand for it.

Based on Philippine electricity regulations on grid reliability, the government requires each grid to
maintain a supply capacity that is higher than the demand by the following amounts: a frequency
regulation reserve (FRR) of 4% above the demand; a contingency reserve (CR) equal to the size
of the most heavily loaded generator (647 MW for Luzon, 100 MW for the Visayas, and 105 MW
for Mindanao); and a dispatchable reserve (DR) of the same amount as the CR (PEP 2012, 98).
We will use the Luzon figure in this study.
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C. New required supply capacity: projected demand plus required reserves

Adding the 4% FRR, plus the 647 MW DR and another 647 MW CR gives us our new supply
targets for the period 2012-2030 under an energy-efficient growth scenario (Table 2, last col-
umn). The final supply target by 2030 is 21,634 MW during peak demand.

D. Baseline supply: existing dependable capacity plus committed capacity

The next important piece of information we will take from PEP 2012 is the amount of installed
capacity (in MW) as of the start of the planning period (see Table 3).

Conservatively, we will be using not the 16,266.9 MW of installed capacity as of 2011, but only
the 14.477.04 MW which were considered “dependable”. Of these dependable capacity, 4,477.54
MW (30.93%) were renewable, while 9,999.5 MW (69.07%) were fossil-based. This mix of exist-
ing RE and non-RE power plants will be taken as given.

Table 3. Installed and Dependable Capacity in MW, 2011

Table 37. INSTALLED AND DEPENDABLE CAPACITY BY PLANT TYPE

(in MW), 2011

Philippines

Plant Type Capacity (MW) Percent Share (%
Installed Dependable Installed Dependable

Coal 4,916.60 4,650.80 : A
Qil Based 2,994.11 2,578.70 18.53 17.81
Natural Gas 2,861.00 2,770.00 17.70 19.13
Geothermal 1,847.69 1,433.87 11.03 9.90
Hydro 3,490.73 2,963.47 21.60 20.47
Wind 33.00 33.00 0.20 0.23
Solar 1.00 1.00 0.01 0.01
Biomass 82.76 46.20 0.51 0.32
TOTAL 16,226.90 14,477.04

Source: PEP 2012-2030, p.86

In addition to these existing plants, PEP 2012 lists some 19 proposed projects that had earlier
been initiated and were already under construction. As of 2011 (Table 4), these committed pro-
jects had a total capacity of 1,766.7 MW, of which 210.7 MW (11.89%) were renewable and
1,556.0 MW (88.11%) were fossil-based, mostly coal.

Together, this dependable capacity (14,477.04 MW, 30.93% RE) plus the committed projects
(1,766.7 MW, 11.93% RE) comprise our baseline supply—the supply capacity we will take as
given. This total baseline supply is 16,243.74 MW (28.86% RE).

E. New required supply additions: required supply minus baseline supply

The required supply (C: 21,634 MW) minus the baseline supply (D: 16,244 MW) gives the new
additions that the government must actually plan for: 5,390 MW. Under the country's Electric
Power Industry Reform Act (EPIRA) of 2001, the government can only do so, not by building
power plants itself, but by creating favorable conditions to encourage the private sector to do so.
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Table 4. Committed Power Projects, as of 2011
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Source: DOE, PEP 2012-30, p.94

F. The government's planned RE additions

Let us now look at the government's renewable energy program, to see whether it is sufficient to
meet the new supply capacity that must be added.

Table 5. The government's planned RE additions, 2012-2030, MW

Source: PEP 2012, p.164.

The planned RE additions under the government's National Renewable Energy Program (NREP)
will reach 8,240 MW by 2030, broken down in Table 5 above (PEP 2012, 164).

The government's RE-only program already exceeds the new required supply additions of 5,390
MW. Even if we excluded, for the sake of argument, the variable (solar and wind) and the exper-
imental (ocean), this still leaves 5,970 MW, more than enough—with 580 MW to spare—to cover
the required supply additions for the planning period. These would have come mostly from hydro
and geothermal.
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While PEP 2012 provides RE targets for the final year of the planning period, the full details of
the government's RE program are provided in a separate official document, the electronic version
(in PDF) of which is identified as the “NREP Book” and posted at the Department of Energy web-
site. The NREP Book breaks down the government's 2011-2030 RE targets into five-year inter-
vals. (Table 5)

Table 6. The government's planned RE additions, 2012-2030, MW

Installed Target Capacity Addition by Total Capacity  Total Installed
Capacity, (MW) Addition (MW) Capacity
as 0f 2010 2015 2030 2011-2030 by 2030

Geothermal 1,966.0 2200 1,100.0 95.0 80.0 1,495.0 34610
Hydro 3,4000 3413 31810 1.891.8 0.0 5,394.1 8,724.1

Biomass 39.0 276.7 X0 0.0 0.0 276.7 315.7
Wind 33.0 1.048.0 855.0 442.0 0.0 2,3450 2,3780
Solar 1.0 269.0 5.0 5.0 5.0 284.0" 2850
Ocean 35.5 35.0 70.5 705

Source: DOE website, NREP Book

The author has also analyzed these five-year targets and arrived at a similar conclusion: the RE-
only additions are enough to cover the supply requirements every five years, until the end of the
planning period.

This is truly a remarkable result! It means that if the Philippine government's energy efficiency
and RE targets were all on track, it would have been possible to meet all additional demand for
the period 2012-2030 by renewable energy sources only.

This remarkable conclusion lurking within the government's energy plan has an equally awesome
implication: it means that the country does not need any more to include any new fossil-fuelled
(and nuclear) power plants in its electricity supply planning.

The door could have been finally be closed on these dirty, harmful and increasingly expensive
technologies.

It did not happen

Unfortunately, this scenario did not materialize in the first four years of the plan under the Aquino
administration. The RE additions were far below target, and the government went instead on a
construction binge of more than 40 coal plants. Despite demand from RE operators for higher
targets, energy planners kept applying the brakes on RE expansion, while pulling out all stops to
coal construction.

Thus, the country today finds itself in a bizarre situation of locking itself to coal technology for the
next 30 years or so, a technology that is going to be increasingly more expensive compared to
renewables like solar and wind, while promising to the world to cut down its carbon emissions by
70% of the BAU scenario by 2030.

Some 40 years ago, President Marcos insisted on a nuclear plant even as negotiations made it
more and more expensive. Similarly, President Aquino insisted on scores of coal plants, even if it
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was increasingly clear that these plants were going to produce more expensive electricity in the
future.

Conventional wisdom poses two major objections to the RE-only scenario for new demand:

1) Solar and wind are expensive and will raise the retail price of electricity, a major con-
cern of consumers.

2) Solar and wind have variable outputs. We need baseload plants—typified by coal- and
nuclear-fueled plants—to keep the grid stable and electricity rates low.

Let us answer these two objections.

The retail price of electricity went down, not up, due to renewables

The conventional wisdom that renewables raise the price of electricity might have been true
several years ago, but it is not true anymore.

A one-year study (Nov. 2014 to Oct. 2015) of the country's feed-in-tariff (FIT) system by Jonathan
dela Vifa of the Philippine Electricity Market Corp. showed that, because renewables tended to
replace the more expensive fossil-fueled peaking plants that only come online during periods of
peak demand, renewables in fact brought the average price of electricity down.

The FIT system is part of the Renewable Energy Act of 2008 (RA 9513). It sets (through the
Energy Regulatory Commission) fixed rates to be paid to qualified RE plant operators. These FIT
rates vary per RE technology, but are typically higher than the average cost of generation, the
difference representing the premium that the government (through the ERC) was willing to pay, to
encourage private investments in RE. To pay this premium, the law adds a universal charge
(initially, four centavos per kWh, also set by the ERC) to every utility consumer's electric bill. In
effect, every consumer of electricity pays an extra charge to encourage private investments in
RE.

Over the one-year period covered by the PEMC review, renewables actually saved the
consumers a total of P4.04 billion, or P0.0567/kWh. This is what PEMC found:

Table 7. The PEMC findings

Source: Macapagal, Jed. Malaya. Jan. 20, 2016; Lectura, Lenie. Business Mirror. Jan. 19, 2016.

Thus, although the feed-in-tariff (FIT) system collected P4.26 billion from consumers to pay
renewable plant operators, these plants displaced the output of more expensive natural gas- or
diesel-fed peaking plants, bringing down the average price of electricity and saving consumers a
total of P8.29 billion, for a net gain of P4.04 billion. In effect, the FIT charges can be consider an
investment; it was forced on consumers, but it earned them a 94.8% (4.04 divided by 3.26) return
on investment, which is not a bad deal at all.

Because the prices of renewables keep dropping, we can expect even greater savings in our
electric bills in the future.

The PEMC study involved solar and wind farms, whose output have to go through transmission
and distribution lines. The final cost of the electricity, as it appears to the consumer will reflect not
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only the generation cost, but also transmission and distribution costs, system losses, metering
charges, universal charges, taxes, and various other fees added on by the utility.

To consumers who install solar panels on their rooftops, the price of this electricity they generate
themselves is only the generation cost. Rooftop solar owners free themselves from paying all
those other add-on costs. In the Meralco area, the retail price of electricity today is around nine
pesos per kWh, while the LCOE of solar rooftop electricity is around P8.50/kWh. Thus, electricity
from one’s rooftop is already the cheapest source of electricity in most parts of the Philippines
today.

Unfortunately, many so-called ‘energy experts’ in government as well as in the academe still talk
about solar reaching grid parity by 2020. They are obviously referring to utility-scale solar farms,
whose output have to be distributed through the grid. Rooftop solar already passed grid parity
around 2013!

The conventional wisdom in energy planning needs an overhaul

Except for an enlightened few, most of the current crop of energy planners in the country still
cling to the old conventional planning wisdom that is focused on power plant categories called
“baseload”, “midrange” (or “mid-merit”), and “peaking”.

Baseload plants provide a steady output non-stop, 24/7, except when under maintenance. Shut-
ting these plants down and then bringing them up to full capacity again may take several days to
a few weeks. Peaking plants can be shut down or brought up to full capacity in a matter of hours
or even minutes. The midrange plants lie somewhere in between.

We are now entering a new energy era, however, which is marked by the increasing deployment

of a new type of power plant that is neither baseload nor peaking.

The zero-marginal-cost power plant

Typified by solar and wind power plants, this new type of power plant is the zero-marginal-cost
renewable plant. Because of their inherently variable output, these plants are often referred to by
modern planners as variable renewables. To stay relevant in this new energy era, our energy
planners must overhaul their own thinking, junk the old conventional wisdom about baseload
plants, and learn to deal with this new type of power plant.

Variable renewables like solar and wind are increasing in importance for several reasons:

1. They rely on essentially inexhaustible energy sources, enabling countries and localities
to enjoy better energy security;

2. They generate electricity in a relatively clean and climate-friendly way, in contrast with
the harmful emissions of fossil- and nuclear-fuelled power plants;

3. They use no fuel and therefore enjoy very low running costs (in economic terms, they are
zero-marginal cost plants).

And because power plants are put online based on “merit order"—the lowest marginal cost plants
first and the highest ones last—solar and wind plants enjoy “priority dispatch”. In an era of cheap
renewables, the low-marginal-cost output from variable renewables will get higher priority than
the high-marginal-cost output of baseload fossil-fuelled plants. This is why solar and wind power
plants have been increasing in importance as the cost of building them have gone down.

The output of variable renewables cannot be controlled—the sun may be covered by passing
clouds or the wind may stop blowing. Thus, a second type of power plant also becomes essential
in the new energy era.
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The flexible power plant

The flexible power plant is one whose output may be ramped up or down under operator control
very quickly, in a matter of minutes or even seconds. Flexible power plants today include gas
turbine plants, hydroelectric plants, batteries and other emerging storage technologies.

A single wind turbine will provide a variable output depending on changes in wind speed and
direction. A single refrigerator acts as an intermittent load, as its rheostat turns the compressor
motor on or off in response to temperature changes. When a large number of sources and loads
are interconnected, however, the abrupt changes in the individual components of the grid are
evened out, resulting in slower and smoother variations in power availability and consumption
throughout the system.

Nonetheless, the combined output of solar and wind plants connected to the grid is weather-
dependent and therefore inherently variable, although improved forecasting methods may reduce
the unpredictability of these inherent variations. Similarly, the overall demand for power from the
grid is also inherently variable and to a significant degree weather-dependent too.

The supply and demand for power must remain equal at all times. Small departures from this
equilibrium will lead to gradual overheating of equipment and electrical lines. Big enough, they
can cause protective devices to trip, disconnecting sources or loads from the grid and causing
grid instabilities and power outages.

The role of flexible plants is to ramp up or down their output and shape the total on-grid power
output. The goal is to ensure near-instantaneous tracking of the total on-grid demand.

The micro-scale power plant

Another way to deal with the variability of solar and wind is to deploy thousands, even millions, of
small units that generate their output at the kilowatt level. At this scale, the problem of variability
can be much more easily handled because it becomes statistically predictable. On the demand
side, most of the loads on the grid are in fact micro-scale, mitigating the intermittency of most air
conditioning, refrigeration and industrial loads.

This micro approach has an even more important consequence. It can also activate economies of
scale—as can already be observed in the solar PV sector—which can further bring down the cost
of renewables and possibly launch virtuous cycles of increasing production and declining prices
similar to those which earlier triggered the computer, telecommunications and information revolu-
tion.

In an era of cheap renewables, power plants which have neither flexibility, low marginal costs,
nor micro-scale outputs—like coal-powered plants—will have very little role to play. A country like
the Philippines that, at the threshold of this new era, locks itself in to such an outdated technology
will saddle itself with dirty and increasingly expensive plants that will eventually have to be
phased out much earlier than their design life.

The baseload capability to maintain steady output 24/7—as a nuclear power plant does—will not
be a major asset in the new energy era. In the first place, a fixed output can be easily simulated
by combining variable plants with a flexible plant that evens out the crests and troughs in the
variable output, to achieve a steady combined output. More importantly, a fixed output in itself is
incompatible with demand on the grid, which varies significantly over a 24-hour period. Thus, a
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baseload plant needs a flexible complement as much as zero-marginal cost variable plants like
wind or solar.

Unfortunately today, the outdated baseload concept persists as a mindset not only among energy
planners but also among academics who critique the government’s energy plan. Because these
critiques are still based on the baseload concept, they continue to reserve a place in the electrici-
ty mix for power plants that can provide steady output 24/7—ensuring a significant share in the
electricity mix for coal, if not nuclear.

Energy storage facilities

The fourth type of power plant that will play an important role in an era of cheap renewables is
the battery and other energy storage facilities. Energy storage is important particularly for varia-
ble, zero-marginal cost renewables, whose outputs are dependent on weather conditions. They
will enable users to store energy during periods of high output (midday sun on cloudless days, or
high winds) and retrieve the stored energy during periods of low output.

The two most common storage battery technologies in use today are lead-acid and lithium tech-
nologies. Lead-acids will add around P30/kWh to the cost of electricity. Lithium batteries will
around P10 to P20/kWh, depending on the battery’s life-cycle. Claimed life cycles for lithium to-
day range from 2,000 to 10,000 cycles, but because the technology is relatively new, it is too
early to determine how valid the higher claims are. Once solar LCOE reaches around P4-5/kWh
and battery LCOE around P5-6/kWh, their combination will become competitive with grid prices.
This is expected to happen in five years, by around 2020. Already, lithium technologies are show-
ing the same virtuous cycle of exponential decrease in prices and increase in production levels
that have characterized other products where economies of scale have been activated.

Aside from batteries, pumped hydro is also a mature large-scale energy storage technology that
is already in deployment.

Newer technologies are also actively being sought and explored, because three major industries
are heavily dependent on energy storage: the electric vehicle industry, the computer and com-
munications industry, and of course the renewables industry. Some of these are already in com-
mercial deployment. The long list includes flow batteries, compressed air energy storage, super-
capacitors, flywheels, fuel cells, and other.

In the future, the wide deployment of energy storage will settle any lingering debate about the
central role of variable renewables in energy systems.

“Negawatt” power plants: energy-efficient electrical devices

A fifth type of power plant will play a significant role in the coming era. This type is, strictly speak-
ing, not a power plant at all. The power it generates is measured in “negawatts”, or megawatts
saved rather than produced. It does make sense, however, to think of LED lamps and inverter-
type aircons/refs as power plants, because by reducing the amount of power that goes to waste,
they then make this power available for other uses as if they had produced this power them-
selves.

A huge body of literature can be found on the Web on energy efficiency and demand-side man-
agement (DSM), an aspect of energy planning that was pioneered by physicist Amory Lovins.

In essence, this approach involves the deployment of technologies that provide the same level of
energy service while using less electricity. An investment in the technology therefore retains the
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same level of service—whether it is the amount of lighting or the temperature reduction re-
quired—while resulting in a permanent power savings. The power saved (the “negative watts”)
can then be used to provide other energy services, as if the power had been generated in a pow-
er plant. Thus, the levelized cost of electricity (LCOE) from such energy efficiency measures as
shifting to LED lighting or to an inverter-type aircon can also be calculated and compared with
supply-side measures that involve actually building a new power plant.

And invariably, it turns out, the energy efficient demand-side approach costs lower than the sup-
ply-side approach. It is almost always cheaper to save electricity by making more efficient use of
it, than to generate more electricity by building new power plants.

After you replace a 75-watt incandescent lamp with a 15-watt LED lamp at a cost of, say, 300
pesos, you will be saving 60 watts every time you turn the lamp on, throughout the lifetime of the
lamp. If the lamp is good for 5,000 hours, this means 300,000 watt-hours (300 kWh) saved. Giv-
en the 300-peso investment, this means one peso per kWh saved, which is far lower than the 8-
12 peso per kWh retail price of electricity in the Philippines.

It is also important to distinguish between energy-efficiency measures such as replacing an in-
candescent with an LED lamp, and energy conservation campaigns such as switching the lights
off in unoccupied rooms and similar behavioural changes in the consumer.

Investing in a campaign to change consumer behaviour may result in similar low-cost savings per
kwh. However, we are not sure whether the behavioural change attained will last for five years,
five days, or anything in between. Thus investments in such campaigns have to be evaluated
carefully, to determine how cost-effective they really are compared to measures with provably
longer-lasting impacts.

Midday peaks are generally caused by air-conditioning loads, and night-time peaks by lighting
loads. Thus energy-efficient lighting, air conditioning and solar rooftops all have a significant role
to play in reducing peak demand and the need to build new power plants.

The energy infrastructure of the future

The grid of the future will rely mainly on five types of energy sources:
1. The low/zero-marginal cost plants that require no fuel, which will supply the bulk of our
electricity at very low cost;

2. The flexible plants, whose outputs can be varied quickly, to shape the total supply output
in accordance with the requirements of demand and to ensure balance within the system
between supply and demand;

3. The micro-scale plants, with outputs in the kilowatt rather than megawatt range, which
will bring in the benefits of distributed generation and enable ordinary citizens to
participate in the great energy transition not only as consumers but also as producers of
renewable electricity themselves;

4. Energy storage facilities, which will store energy during periods of high supply and low
demand, and retrieve them for use during periods of low supply and high demand; and

5. Energy-efficient devices which make available cheap power by harvesting power that
would otherwise be lost in inefficient and wasteful devices.
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Energy efficiency, solar, wind, and—soon—power plants driven by ocean waves or tidal currents
will comprise the low/zero-marginal cost infrastructure, which will ensure that consumers of the
future will enjoy the benefits of electricity at a low cost.

Hydro and biomass will provide the flexibility that will ensure grid reliability by providing a total
supply that is equal to the demand at all times. As energy storage technologies become commer-
cially viable, they will play an increasingly bigger role in providing flexibility in grid supply.

Solar and wind farms and mega-hydro projects may be renewable, but each installation will cost
hundreds of millions, if not billions, of pesos. These projects can only be undertaken by huge
multinational firms or the national government, and the only role that ordinary citizens can play in
these projects is as buyers of electricity.

Rooftop solar, micro wind, micro hydro and small biogas plants will make distributed generation a
practical reality. They will enable the ordinary citizen to participate in the renewable energy revo-
lution not only as consumers but as producers themselves of electricity.

Cheap solar panels and inverters are already making the household generation of electricity af-
fordable today. Things will even be better in the future, as solar prices continue to drop and if
similar economies of scale take effect in the micro wind and micro hydro sectors as well as the
energy storage sector.

Just as microcomputers sidelined the mainframe, and cellphones sidelined the landline, micro-
generation through solar, wind, hydro and biogas plants together with cheap energy storage may
eventually sideline the big power generation companies and transform the grid in a fundamental
way. The “mainframe” energy facilities will be sidelined by millions of micro power plants owned
and operated by consumers themselves.

The grid will not by any means disappear, because interconnectivity brings inherent advantages
compared to stand-alone operation, as the Internet clearly shows. But its nature will change.
Most households will in the future become empowered to generate their own electricity. They will
use the grid mostly to share their excess production (to sell it, to accumulate credits for later use,
or possibly even give it away just as people freely give away information on the Internet), or to
buy some if their production is not enough. They should be able to choose the source of the elec-
tricity they are buying—a friend with an extra-large set of solar panels, or a community-run micro
hydro installation.

Under such a scenario, as our society gets better in extracting cheap, clean electricity from re-
newable sources and from otherwise wasted energy, we can all hopefully begin to enjoy the
promise of energy security, energy democracy and energy abundance that respect people’s
health, the environment and the climate.
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6. Conclusion

This paper suggests two innovative approaches in national planning for the electricity supply.

The first approach is to adopt an intermediate goal that is focused on new supply requirements,
taking the existing and committed supply capacities as given. In the context of the Philippine
Energy Plan 2012-2030, it turns out that applying this approach would have resulted in a remark-
able conclusion: the government's own energy efficiency and renewable energy targets were
more than enough to supply all new demand with 100% renewable electricity. Had the govern-
ment worked really hard to attain these energy efficiency and renewable energy targets, there
would have been no need—since 2013—to build new fossil-fueled power plants.

The second approach is to leave behind the outdated concept of baseload plants, and focus in-
stead on new types of power plants that are more appropriate in the new energy era: zero-
marginal cost plants, flexible plants, micropower plants, energy storage facilities, and negawatt
plants.

The incoming Duterte administration needs to embrace these two approaches to make a giant
step towards the energy transition to a renewable future.
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