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Chapter 25. Power System Operations 

Power systems operational procedures can generally be divided by timeframe, as depicted in 

Figure 25-1. A balance between total customer demand and total system generation needs to be 

maintained essentially instantaneously at all times. The balancing process is carried out in 

several different time frames. Generating units are typically committed to operation a day in 

advance to cover the forecasted load profile for that day plus a reserve margin. Scheduling (or 

economic dispatch) of plant output levels is then carried out generally on an hour-by-hour basis. 

Some plants are designated to follow load variations within the hour, and other plants provide 

regulation service to balance instantaneous load variations in the seconds-to-minutes timeframe.  

 

Figure 25-1. Timescales for power system operation 
The figure is illustrative and not to scale. The notch at 18–19 hours represents a 
secondary peak that occurs in some regions in early weekday evenings as commercial 
load drops off and residential loads ramp up. 

 

This section discusses several elements of power system operations, including forecasting and 

the day-ahead schedule or unit commitment, within-a-day economic dispatch, frequency 

response and control, and operating reserves. These functions are initially described in the 

absence of variable generation. Later sections discuss the impact of large-scale variable 

generation on each of these operational timeframes. 

Power System Operation
๏ Customer demand and system 

supply must balanced at all 
times.

๏ The balancing process is carried 
out in several time frames. 

‣ Generating units are typically 
committed to operation a day 
ahead to cover the forecasted 
load profile for that day plus 
a reserve margin . 

‣ Scheduling (or economic 
dispatch) of plant output 
levels is then carried out on 
an hourly basis.
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mirrored the system-wide demand profile, considering that the region accounted for about 84 
percent of the total demand in the market in 2016. As such, the system-wide demand profile 
followed the demand peak and off-peak hours observed in the Luzon grid. 
 
On the other hand, the Visayas demand profile denotes that demand peak hours in the 
region were generally observed from 1800H to 2100H, reaching its highest at 1900H across 
all billing months, with the exception of October, November and December, when average 
demand peaked at 1800H, coinciding with the much earlier sunsets during these months of 
the year. Notwithstanding, the highest hourly demand level was posted at 1900H in May, 
averaging at 1,668 MW. This illustrates that majority of the end-consumers in the region are 
residential consumers, with higher demand requirement during the evening. Monthly 
average demand levels in the Visayas were relatively higher during the summer, with the 
May billing month posting the highest monthly demand at an average of 1,541 MW. 
Meanwhile, the January and February billing months posted the lowest monthly average 
demand levels at 1,182 MW and 1,189 MW, respectively.  
 
Average demand levels were also noted to have increased on an hourly basis, system-wide 
and regionally, as shown in the Tables below.  
 

Figure 4. Hourly Demand Profile – Luzon 

 
 

Figure 5. Hourly Demand Profile - Visayas 
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Key Points
๏ Different power plants are 

needed to address the varying 
loads

‣ In Luzon, the peak occurs 
during the “solar hours”

‣ In Visayas, the peak occurs 
at night when wind energy 
is present. Geothermal is the 
dominant energy source.

‣ In Mindanao, 22% of the 
power mix is accounted for 
by oil. Hydro is the 
traditional energy source.

๏ In Luzon and Visayas, the ratio 
of baseload to peak load is 56% 
in 2016

‣ Thus 44% of the capacity will 
have to turned on/off or 
ramped up/down.

‣ Hence, the need for flexible 
generation or power plants 
that can be operated to 
follow the load.

๏ Comparing power plant costs 
must be done in the context of 
these power system dynamics



Germany goes for RE with 
flexible generation

or how Renewables 
will beat coal & 

nuclear



Structural change in power generation structures 
Historical patterns (average week, stylized)

Matthes 2016

This is the usual way of looking at this weekly load curve.



Structural change in power generation structures 
Historical data 2015 (average week)

Matthes 2016

With solar and wind generation at zero marginal cost…

other power plants only have the 
“residual load” in grey as their market



Structural change in power generation structures 
Illustrative projection 2025 (average week)

Matthes 2016

Note this “residual load” in grey 
as more solar and wind are built



Structural change in power generation structures 
Illustrative projection 2035 (average week)

Matthes 2016

Note this “residual load” in grey 
as more solar and wind are built



Structural change in power generation structures 
Illustrative projection 2045 (average week)

Matthes 2016

Note this “residual load” in grey 
as more solar and wind are built

Where is the baseload?



Need to focus 
RE targets on 

Energy not 
Capacity

RE Share in energy generation has fallen since 2008

25%

26%

27%

28%

29%

30%

31%

32%

33%

34%

35%

36%

37%

38%

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Installed Capacity
Energy Renewable Energy Act



Oil 
catches 
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Hydro 
in 2015

Philippine Power Plant Capacity 
by Type

M
eg

aw
at

ts
, M

W

0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

8,000

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Oil-Based
Hydro
Geothermal
Coal
Solar, Wind, Biomass
Natural Gas

Oil is used 
to follow the 
load in the 
main grid 
and is the 

main cause 
for spot 
market 

price spikes. 

In the off-
grid, Oil 
performs 
both base 
load and 

load-
following 

duty

RE Act of 2008

Coal grows faster than RE



Philippine Electricity Sales and Consumption

0

10,000,000

20,000,000

30,000,000

40,000,000

50,000,000

60,000,000

70,000,000

80,000,000

90,000,000

100,000,000

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

Total Sales
Own Use
System Loss
Total Consumption

>20%

High losses point 
the way to 
distributed 

generation & 
microgrids



Customer Distribution 
Utility

Transmission 
Utility

+7.5%+12%

100 
kWh

112 
kWh

120 
kWh

Power 
Plants

GenerationTransmissionDistribution



Customer Distribution 
Utility

Transmission 
Utility

+7.5%+12%

100 
kWh

112 
kWh

120 
kWh

Power 
Plants

Self-
Generation: 

Solar 
Biomass

Solar 
Wind 

Biomass 
Hydro

GenerationTransmissionDistribution

Embedded 
generation



Annual Market Assessment Report (MAG-AMAR-2016) Page 24 of 83 
 

Figure 22. Outage Factor – System 
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Figure 23. Outage Factor – Luzon 
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Figure 24. Outage Factor – Visayas 
 

0

2

4

6

8

10

12

14

16

18

20

COAL GEO OIL Visayas

Pe
rc

en
t

Outage Factor - Visayas, 2016 Deactivated Shutdown Forced Outage
Maintenance Outage Planned Outage
Visayas

 
 

7% 
forced 
outage

10% 
forced 
outage

๏ High forced outage rates of coal and oil power plants 
diminish their claims to reliability

๏ In Luzon, total outage for coal and oil power plants 
are at 16% and 15% respectively

Actual 20
16



 
26 April to 25 May 2017 Monthly Market Assessment Report                                                   Page 2 
(MAG-MMAR-2017-05) 

An increase in the average effective supply4 was likewise noted this month at 12,077 MW from 
previous month’s 11,548 MW. As discussed, a lower level of capacity on outage was observed 
this May billing month.  
 
Slightly tighter supply and demand condition was observed this month driven by the high level 
of demand requirement. Supply margin5 averaged at 1,508 MW this month, lower by 16.7 
percent when compared to previous month’s 1,809 MW.  
 
Figure 2. Demand and Effective Supply (Ex-ante), May 2017 

 
 
Table 1. Demand and Supply Summary (Ex-ante), May 2017, April 2017, and May 2016 

 

 
Note:  The derived values were non-coincident. 
 
 
II. Power Plant Outages 

 
The May billing month saw a lower outage capacity at an average of 1,664 MW when compared 
to 2,268 MW in the previous month. This was attributable to the return to normal operation of 
major natural gas and coal plants, which were affected by the series of earthquakes in 
Batangas that occurred from 8 to 16 April 2017. Maximum capacity on outage recorded this 
month reached 2,573 MW on 7 May from 2000H to 2400H when San Gabriel NGPP underwent 
forced outage on top of the existing planned outages of Pagbilao CFTPP unit 1 and PEDC unit 
2, maintenance outage of Malaya TPP and forced outage of Mariveles CFTPP unit 1. 
 
As discussed, the capacity on outage involving coal and natural gas plants were lower this May 
billing month. It may be recalled that the April billing month was marked by a high level of 
outage from said resource types attributable to the series of earthquakes in Batangas. Coal 
plants’ outage capacity averaged at 773 MW (from previous month’s 1,041 MW) which was 

                                                
4The system effective supply is equal to the offered capacity of all scheduled generator resources, nominated loading level of non-
scheduled generating units and projected output of preferential dispatch generating units adjusted for any security limit and ramp 
rates. Scheduled output of plants on testing and commissioning, through the imposition of security limit by SO, are accounted for 
in the effected supply. Likewise included is the scheduled output of Malaya plant when it is called to run as Must Run Unit (MRU). 
5The supply margin is equal to the effective supply less system demand requirement plus reserve schedule. 

Max Min Avg Max Min Avg Max Min Avg Max Min Avg Max Min Avg
Demand 11,844 7,258 9,781 11,613 6,097 8,970 11,458 6,479 9,361 2.0 19.1 9.0 3.4 12.0 4.5
Reserve Schedule 1,076 457 788 1,023 146 768 977 362 736 5.2 213.0 2.6 10.1 26.4 7.1
Demand plus Reserve 
Schedule 12,752 7,938 10,569 12,307 6,777 9,739 12,093 7,094 10,098 3.6 17.1 8.5 5.5 11.9 4.7

Supply 13,711 10,552 12,077 13,930 8,834 11,548 12,702 10,320 11,477 (1.6) 19.4 4.6 7.9 2.2 5.2
Supply Margin 3,187 129 1,508 3,685 38 1,809 3,919 128 1,379 (13.5) 234.1 (16.7) (18.7) 0.7 9.4

% Y-on-Y Change
(May 2016 - May 2017)

May 2017
(In MW)

April 2017
(In MW)

% M-on-M Change
(Apr 2017 - May 2017)

May 2016
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mainly attributable to the planned outage of Pagbilao CFTPP unit 1 since 26 March. 
Notwithstanding the decrease, coal plants still recorded the highest level of outage capacity 
among resource types. 
 
Natural gas plants’ outage capacity averaged at 83 MW this month (from previous month’s 615 
MW) which was attributable to the maintenance outage of Sta. Rita NGPP unit 1 from 29 April 
to 4 May. Natural gas plants recorded the lowest level of outage capacity among resource 
types with almost no outage occurrencetowards the latter half of the billing month.  
 
Noted during the start of the billing month was the maintenance outage of Malaya TPP bringing 
about an increase in the oil-based plants’ outage capacity to an average of 679 MW. 
Meanwhile, hydro plants’ outage capacity averaged at 289 MW which was attributable to the 
maintenance outage of Magat HEP units 1 and 2 from 27 April to 15 May and planned outage 
of San Roque HEP from 7 to 18 May.  
 
Tables 3 and 4 below provide some details on the major plant outages in Luzon and Visayas 
during the billing month. 
 
Figure 3. Plant Outage Capacity (by Plant Type), May 2017 

 
 
Table 2. System Outage Summary (Ex-ante), May 2017, April 2017, and May 2016 

 

 
Note: The derived values by resource type were non-coincident. The total values were derived based on aggregate hourly outage.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Max Min Avg Max Min Avg Max Min Avg Max Min Avg Max Min Avg
Coal 1,231 382 773 1,820 382 1,041 503 0 209 (32.4) 0.0 (25.8) 144.7 269.3
Natural Gas 447 0 83 2,090 0 615 190 0 44 (78.6) (86.5) 135.4 88.9
Geothermal 503 269 310 466 233 304 434 230 265 7.9 15.5 1.7 15.9 17.0 16.9
Hydro 635 128 289 480 0 203 670 50 273 32.3 42.5 (5.2) 156.0 5.9
Oil Based 679 23 679 404 0 104 491 60 362 68.2 553.9 38.3 (61.7) 87.7
TOTAL 2,573 874 1,664 4,269 895 2,268 1,509 558 1,153 (39.7) (2.3) (26.6) 70.6 56.8 44.3

Resource Type
May 2017
(In MW)

% Y-on-Y Change
(May 2016 - May 2017)

% M-on-M Change
(Apr 2017 - May 2017)
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Why are WESM prices low 
even if coal prices are high?
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Least-Cost Planning 
for Electricity Supply
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Simplified  
Optimization Model

Create 
database of 

technologies with 
costs & operating 

parameters

Levelised cost of electricity for utility scale power (ranges 
and averages)

Source: IRENA (2017), REthinking Energy 2017: Accelerating the global energy
transformation. International Renewable Energy Agency, Abu Dhabi.

Source: IRENA (2017), REthinking Energy 2017: Accelerating the global energy 
transformation. International Renewable Energy Agency, Abu Dhabi. 
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Table 4.2: Summary of Projected Demand per District3 (MW) 
District Area 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 
Luzon 9,127 9,474 9,934 10,368 10,821 11,249 11,694 12,164 12,657 13,161 

 
MERALCO 6,764 7,047 7,294 7,561 7,822 8,107 8,404 8,716 9,029 9,356 
1 NCR 4,745 4,943 5,117 5,304 5,486 5,686 5,894 6,114 6,333 6,563 

2 North 294 307 317 329 340 352 365 378 392 406 

3 South 1,725 1,797 1,860 1,928 1,995 2,068 2,144 2,224 2,304 2,387 

 

North Luzon 1,824 1,876 2,063 2,204 2,361 2,474 2,588 2,710 2,850 2,987 
1 Ilocos 160  162   173  181  191  199  208  217  228  238  

2 Mt. Province 151  155  165  172  183  191  200  209  220  231  

3 North Central 197  200  237  249  264  276  290  303  319  334  

4 Cagayan  Valley 206  214  229  240  255  267  281  295  311  327  

5 West Central 322  332  359  381  409  431  455  488  524  560  

6 South Central 716  739  821  897  971  1,018  1,056  1,094  1,138  1,181  

7 North Tagalog 72  74  79  83  88  93  98  103  110  116  

 

South Luzon 539  552  577  603  638  667  702  737  778  818  
1 Batangas/Cavite 250  254  264  274  288  298  311  325  340  355  

2 Laguna /Quezon 86  88  92  96  102  106  112  118  124  131  

3 Bicol 204  210  222  234  249  263  279  295  314  332  

 

Visayas 1,699 1,762 1,823 1,885 1,945 2,011 2,079 2,150 2,223 2,320 
1 Panay 279 290 300 310 320 330 341 353 365 380 

2a Cebu 879 912 943 975 1,006 1,040 1,075 1,112 1,150 1,200 

2b Bohol 68 71 73 76 78 81 83 86 89 93 

3 Leyte-Samar 196 203 211 218 225 232 240 249 257 269 

4 Negros 276 287 297 307 316 327 338 350 362 378 

 

Mindanao 1,669 1,803 1,927 2,044 2,141 2,229 2,320 2,415 2,512 2,658 
1 North Western 211 217 235 255 270 282 295 308 324 343 

2 Lanao Area 162 176 192 203 212 223 231 239 249 264 

3 North Central 278 364 379 394 407 418 430 441 454 473 

4 North Eastern 156 161 183 198 209 224 243 262 274 292 

5 South Eastern 591 605 643 682 717 744 771 800 833 886 

6 South Western 272 278 296 313 326 338 350 363 378 400 

 

Philippines 12,494 13,038 13,684 14,296 14,906 15,487 16,092 16,727 17,392 18,138 
 3

Based on the transformer peak demand coincident with the System Peak. 

  Based on NGCP System Peak Forecast as derived from DOE Forecast Levels, excluding applicable losses 

 
 
4.2.1  Demand Projections for Substation Capacity Addition 
 

The demand projections for substation expansion take off from the per meter forecast 

undertaken by NGCP. Forecast energy deliveries per metering point are derived from 

historical trends and/or information as to the potential expansion or contraction of demand 

of Grid-connected customers. Inputs are sought from customers in this bottom-up process 

to incorporate their expansion plans. 

 

Projected monthly energy deliveries (in MWh) to metering points connected to a given 

transformer are then summed up. Accounting adjustments for technical losses and 

substation use to this sum, the monthly per transformer energy delivery forecast (in MWh) 

is derived. The forecast transformer peak (in MW) is then calculated by applying the 

appropriate load factor to these energy delivery projections.  This transformer peak 

becomes the basis for adding transformer capacities at the substations. 

  

Source: N
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11	

Methodology	and	status	

Build	an	opera4ons	
model	of	today’s	

(2014)	power	system	

For	future	year	(2030),	
forecast	load	and	

addi4onal	capacity	and	
transmission	

Simulate	power	system	
opera4ons	in	the	
future	year	under	

different	RE	scenarios	

Greening	the	Grid	uses	the	PLEXOS	produc4on	cost	
model	

Review	

Our	model	is	a	snapshot	that	reflects	longer-term	plans	for	
genera4on	and	transmission	capacity	expansion.	For	this	
reason,	the	results	will	not	show	some	of	the	issues	that	are	
occurring	today	(e.g.,	solar	curtailment	in	Negros).		

11	

Greening the Grid 
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Technical	Advisory	Commi3ee	
for	the	Philippines	Grid	
Integra;on	Study	

Mee;ng	#3	
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Sneak	preview:		
By	2030,	30%	and	50%	RE	is	achievable*	
No	technical	barriers	to	high	RE	penetra4ons;	hourly	balancing	is	achievable	under	the	
30%	and	50%	RE	 scenarios.	 The	modeled	2030	Luzon-Visayas	System	 includes	exis4ng	
and	new	power	genera4on	facili4es.	

*Assuming	that	the	planned	evolu3on	of	the	power	system	takes	place,	including	addi3ons	to	both	genera3on	
and	transmission	capacity	beyond	what	already	exists	in	2016.		 2	
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Solar	and	wind	curtailment	is	not	a	
major	issue	in	most	scenarios	

Total	annual	solar	and	wind	
curtailment	

Average	hourly	solar	and	wind	
curtailment	

Scenario	 Curtailment	
(GWh)		

Curtailment	
%	

BaseCase	 0.2	 <1%	

BR30	 240	 1.1	

lowTx30	 270	 1.3	

BR50	 2800	 6.1	

lowTx50	 1300	 2.9	

Percent	curtailment	=	
	(Total	solar	and	wind	curtailment)	/	(Total	available	solar	and	wind	energy)	

Curtailment	becomes	most	significant	in	the	BR50	scenario.	In	all	scenarios,	curtailment	
is	a	tool	that	the	operator	can	use	strategically	to	improve	power	system	flexibility,	and	
hence	does	not	need	to	be	0	for	successful	integra4on.	

BR50	 lowTx50	

BR30	 lowTx30	

BaseCase	

22	
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Higher	RE	scenarios	will	change	the	
opera;on	of	the	conven;onal	fleet	

As	solar	and	wind	penetra4on	increase,	conven4onal	generators	(especially	coal	and	
natural	gas)	cycle	more	frequently	and	spend	more	4me	at	their	minimum	stable	levels.	

More	frequent	starts/stops	

More	;me	spent	at	
minimum	stable	levels	

BR50	 lowTx50	

BR30	 lowTx30	

BaseCase	

23	



Ex-Proposed NREP: Installation Capacities in MWEx-Proposed NREP: Installation Capacities in MWEx-Proposed NREP: Installation Capacities in MWEx-Proposed NREP: Installation Capacities in MWEx-Proposed NREP: Installation Capacities in MWEx-Proposed NREP: Installation Capacities in MW

Installed 
Capacity 
2015 (MW)

Target Capacity Additions by Total 
Capacity 
Additions 

2016-2030 
(MW)

Total 
Installed 

Capacity by 
2030 (MW)Sector

2016 to 
2020

2021 to 
2025

2026 to 
2030

(1) Biomass
- Waste to Energy (MSW)   12   50   50   50   150   162 
- Biomass   362   500   500   500   1,500   1,862 

Total Biomass   374   550   550   550   1,650   2,024 
(2) Geothermal
- Baseload   1,906   183   900   288   1,371   3,277 
- Mid-merit   -     -     -     -     -   
- Peaking   -     -     -     -     -   

Total Geothermal   1,906   183   900   288   1,371   3,277 
(3) Solar 
- Utility Scale
   - Ground-mounted   80   1,949   3,250   3,750   8,949   9,028 
   - Non-Ground mounted   34   51   250   250   551   585 
- Net Metering   2   6   8   8   22   24 
Total SolarAC   116   2,006   3,508   4,008   9,522   9,637 
(4) Hydro
- Large
  - Baseload   3,590   -     217   48   264   3,855 
  - Peaking   -     333   290   624   624 
- Run-of-River   -     192   15   653   860   860 

Total Hydro   3,590   192   565   991   1,748   5,339 
(5) Ocean   -     -     31   60   91   91 
(6) Wind   427   1,000   1,162   1,000   3,162   3,589 
TOTAL   6,413   3,931   6,716   6,897   17,544   23,957 



Ex-Proposed NREP: RE Based Generation in GWh Ex-Proposed NREP: RE Based Generation in GWh Ex-Proposed NREP: RE Based Generation in GWh Ex-Proposed NREP: RE Based Generation in GWh 
Total Generation Target Generation (GWh) by 

Sector 2015 (GWh) 2020 2025 2030
(1) Biomass
- Waste to Energy (MSW)   68   353   638   922 
- Biomass   2,538   6,042   9,546   13,050 

Total Biomass   2,606   6,395   10,184   13,973 
(2) Geothermal
- Baseload   10,019   10,981   15,711   17,225 
- Midmerit   -     -     -     -   
- Peaking   -     -     -     -   

Total Geothermal   10,019   10,981   15,711   17,225 
(3) Solar
  - Utility-scale Ground   125   3,198   8,322   14,235 
  - Building Installed / Non-ground   54   134   529   923 
- Net Metering   3   13   25   38 

Total Solar   182   3,345   8,877   15,196 
(4) Hydro
- Large
  - Baseload   14,153   14,153   15,008   15,195 
  - Peaking   -     -     876   1,639 
- Run-of-River   -     792   853   3,542 

Total Hydro   14,153   14,946   16,737   20,376 
(5) Ocean   -     -     121   356 
(6) Wind   1,028   3,437   6,237   8,646 
TOTAL GWh   27,989   39,104   57,867   75,772 
Weighted Average NCF % 50% 43% 39% 36%
Share of Electricity Sales 35% 38% 44% 45%
Electricity Sales in GWh - Gross   81,124   103,537   132,142   168,651 
CAGR 5.0% 5.0% 5.0% 5.0%
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