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Appendix 1

1.1 BAU Case

Economic Indicators

Population

Real GDP in 1985 price

RGDP per capita
Energy Prices

Crude oil

Coal

Natural Gas

LPG

Gasoline

Kerosene

Jet Fuel

Diesel

Fuel Oil

Electricity (Average)

Energy Indicators
TPE per capita
TPE per GDP
Electricity per capita
Passenger Cars
Utility Vehicles
Trucks
Buses
Motorcycles/Tricycles
CO2 Emission

Total Primary Energy Supply

Coal

Natural Gas

QOil

Geothermal

Hydro

Nuclear

Renewables
Commercial Energy
Non-commercial Energy

Coal

Natural Gas

Oil

Others

Non-commercial Energy
Final Demand (excl. Non-Con

Agriculture

Industry

Energy Intensive
Other

Commercial

Residential

Transport

Energy Net Import
Coal
Natural Gas
Oil

Energy Import Ratio
Coal
Natural Gas
Oil

Unit

Million
Billion PHP
PHP/person

Peso / litter
Peso / kg
Peso / mmBtu
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / kwWh

kgoe/person

toe/mil. PHP
kWh/person
1,000 units
1,000 units
1,000 units
1,000 units
1,000 units
CO,-kton

ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
[
%
%
%
%
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe

ktoe

ktoe
ktoe

2005
85.3
1,210
14,198

17.8

2.0
347
19.1
30.7
29.5
32.6
28.8
18.9

6.8

384
27.0
530
788
1,792
267
31
2,158
64,453

38,498
5,190
2,504
14,430
8,516
2,088
0
3
32,731
5,766
135
6.5
37.5
27.6
15.0

17,402

313
4,084
2,653
1,430
1,660
2,405
8,940

18,112
3,710
0
14,402
55.3
715
0.0
99.8

2010
93.0
1,647
17,708

33.9

3.2
642
30.8
53.1
52.8
59.6
50.4
38.2
12.0

438
24.7
636
862
2,434
358
31
3,610
85,090

46,510
7,458
2,858
18,096
9,327
2,661
0
327
40,727
5,783
16.0
6.1
38.9
26.5
12.4

22,931

269
4,822
3,260
1,562
2,312
2,908
12,619

23,198
5,139
0
18,059
57.0
68.9
0.0
99.8

2015
101.1
2,177

21,536

36.7
3.6
696
33.9
59.0
58.6
66.5
55.8
41.7
13.0

525
24.4
781
1,094
3,238
437

32
5,134
106,750

58,665
9,975
3,608
21,841
13,426
3,543
0
681
53,074
5,591
17.0
6.1
37.2
30.1
9.5

29,531

324
6,125
4,035
2,090
3,145
3,870
16,066

28,779
6,975
0
21,805
54.2
69.9
0.0
99.8

2020

108.7
2,772
25,491

39.5
4.1
749
37.0
65.3
64.9
74.1
61.7
45.3
14.0

582
22.8
936
1,346
3,944
505

34
6,497
136,680

68,603
14,688
3,793
25,836
13,667
4,425
0

834
63,243
5,360
21.4
55
37.7
27.6
7.8
36,445
381
7,562
4,894
2,668
4,107
4,988
19,408

37,330
10,656
875
25,799
59.0
725
23.1
99.9

Al-1

2025

115.9
3,413
29,456

42.3
4.5
803
40.0
72.3
71.8
82.4
68.1
49.1
15.0

640
21.7
1,094
1,605
4,470
558

35
7,479
165,180

79,242
18,789
4,529
29,748
14,812
5,307
0

962
74,148
5,095
23.7
5.7
37.5
26.6
6.4
43,253
435
9,109
5,815
3,294
5,163
6,208
22,338

46,410
14,074
2,625
29,711
62.6
74.9
58.0
99.9

2030

122.4
4,079
33,332

45.2
4.9
856
43.1
79.9
79.3
91.6
75.0
53.0
16.1

690
20.7
1,251
1,857
4,784
595

37
8,010
195,170

89,253
23,903
4,615
33,313
15,354
6,189
0
1,061
84,435
4,818
26.8
5.2
37.3
25.3
5.4
49,668
485
10,717
6,772
3,944
6,278
7,463
24,724

54,713
17,937
3,500
33,276
64.8
75.0
75.8
99.9

05-10

Growth Rate (%)

10-15 15-20 20-25 25-30 05-30

1.8
6.3
45

13.7

9.9
13.1
10.0
11.6
12.3
12.8
11.8
15.1
12.0

2.7
-1.8
3.7
1.8
6.3
6.0
-0.2
10.8
5.7

3.9
7.5
2.7
4.6
1.8
5.0

153.2
45
0.1

5.7
-3.0
3.4
4.2
1.8
6.9
3.9
7.1

51
6.7

4.6

1.7
5.7
4.0

1.6
2.4
1.6
1.9
2.1
2.1
2.2
2.1
1.8
1.6

3.7
-0.3
4.2
4.9
5.9
4.1
11
7.3
4.6

4.8
6.0
4.8
3.8
7.6
5.9

15.8
54
-0.7

52
3.8
49
4.4
6.0
6.3
5.9
4.9

4.4
6.3

3.8

1.5
5.0
3.4

15
2.3
15
1.8
2.1
2.1
2.2
2.0
1.7
15

2.1
-1.3
3.7
4.2
4.0
2.9
0.9
4.8
51

3.2
8.0
1.0
3.4
0.4
4.5

4.1
3.6

-0.8

4.3
3.3
4.3
3.9
5.0
55
5.2
3.9

5.3
8.8

34

1.3
4.3
2.9

1.4
2.1
1.4
1.6
2.0
2.0
2.2
2.0
1.6
1.4

1.9
-1.0
3.2
3.6
2.5
2.0
0.8
2.9
3.9

2.9
5.0
3.6
2.9
1.6
3.7

2.9
3.2
-1.0

3.5
2.7
3.8
3.5
4.3
4.7
45
2.9
4.5
5.7
24.6
2.9

11
3.6
2.5

1.3
1.8
13
15
2.0
2.0
2.1
2.0
15
1.3

1.5
-1.0
2.7
3.0
1.4
1.3
0.7
1.4
3.4

2.4
4.9
0.4
2.3
0.7
3.1

2.0
2.6
-1.1

2.8
2.2
3.3
3.1
3.7
4.0
3.8
2.1
3.3
5.0
5.9
2.3

1.5
5.0
3.5

3.8
3.7
3.7
3.3
3.9
4.0
4.2
3.9
4.2
3.5

2.4
-1.1
3.5
3.5
4.0
3.3
0.7
5.4
4.5

3.4
6.3
2.5
3.4
24
4.4

26.2
3.9
-0.7

4.3
1.8
3.9
3.8
4.1
55
4.6
4.2

4.5
6.5

3.4



1.2 Reference Case

Economic Indicators

Population

Real GDP in 1985 price

RGDP per capita
Energy Prices

Crude oil

Coal

Natural Gas

LPG

Gasoline

Kerosene

Jet Fuel

Diesel

Fuel Oil

Electricity (Average)

Energy Indicators
TPE per capita
TPE per GDP
Electricity per capita
Passenger Cars
Utility Vehicles
Trucks
Buses
Motorcycles/Tricycles
CO2 Emission

Total Primary Energy Supply

Coal

Natural Gas

Qil

Geothermal

Hydro

Nuclear

Renewables
Commercial Energy
Non-commercial Energy

Coal

Natural Gas

Qil

Others

Non-commercial Energy
Final Demand (excl. Non-Con

Agriculture

Industry

Energy Intensive
Other

Commercial

Residential

Transport

Energy Net Import
Coal
Natural Gas
Qil

Energy Import Ratio
Coal
Natural Gas
Qil

Unit

Million
Billion PHP
PHP/person

Peso / litter
Peso / kg

Peso / mmBtu

Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / kwWh

kgoe/person

toe/mil. PHP
kWh/person
1,000 units
1,000 units
1,000 units
1,000 units
1,000 units
CO,-kton

ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
%
%
%
%
%
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe

ktoe
ktoe
ktoe
ktoe
%
%
%
%

2005

85.3
1,210
14,198

17.8
2.0
347
19.1
30.7
29.5
32.6
28.8
18.9
6.8

384
27.0
530
788
1,792
267
31
2,158
64,453

38,498
5,190
2,504
14,430
8,516
2,088
0
3
32,731
5,766
135
6.5
375
27.6
15.0

17,402

313
4,084
2,653
1,430
1,660
2,405
8,940

18,112
3,710
0
14,402
55.3
71.5
0.0
99.8

2010

93.0
1,647
17,708

33.9
3.2
642
30.8
53.1
52.8
59.6
50.4
38.2
12.0

418
23.6
602
862
2,434
358
31
3,610
79,640

44,771
7,373
2,797

16,400
9,327
2,661

0
312

38,871

5,901
16.5
6.2
36.6
275
13.2
21,787
254
4,551
3,071
1,480
2,187
2,763
12,032

21,502
5,139
0
16,363
55.3
69.7
0.0
99.8

2015

101.1
2,177
21,536

36.7
3.6
696
33.9
59.0
58.6
66.5
55.8
41.7
13.0

491
22.8
716
1,094
3,238
437
32
5,134
95,640

55,455

8,696
3,600
19,718
13,426
3,543
0
630
49,614
5,840
15.7
6.5
35.6
31.7
10.5

27,120

297
5,590
3,674
1,916
2,878
3,556
14,800

25,700
6,019
0
19,682
51.8
69.2
0.0
99.8

2020
108.7
2,772

25,491

39.5
41
749
37.0
65.3
64.9
74.1
61.7
45.3
14.0

529
20.8
830
1,346
3,944
505

34
6,497
118,020

63,366
12,021
3,716
22,993
13,667
4,425
0

749
57,571
5,795
19.0
59
36.3
29.7
9.1
32,363
337
6,677
4311
2,366
3,638
4,434
17,277

32,353
8,599
798
22,957
56.2
71.5
21.5
99.8

Al-2

2025
115.9
3,413

29,456

42.3

45

803
40.0
72.3
71.8
82.4
68.1
49.1
15.0

567
19.3
939
1,605
4,470
558

35
7,479
137,160

71,498
14,579
4,448
25,741
14,812
5,307
0

839
65,727
5,770
20.4
6.2
36.0
293
8.1
37,148
373
7,785
4,957
2,828
4,429
5,342
19,220

38,763
10,515
2,544
25,705
59.0
72.1
57.2
99.9

2030
122.4
4,079

33,332

45.2

4.9

856
43.1
79.9
79.3
91.6
75.0
53.0
16.1

595
17.8
1,040
1,857
4,784
595

37
8,010
156,210

78,545
17,968
4,509
27,841
15,354
6,189
0

899
72,761
5,784
229
5.7
354
28.6
7.4
41,273
402
8,870
5,591
3,279
5,218
6,219
20,563

44,341
13,143
3,394
27,804
60.9
73.1
75.3
99.9

Growth Rate (%)

05-10 10-15 15-20 20-25 25-30 05-30

1.8
6.3
4.5

13.7

9.9
13.1
10.0
11.6
12.3
12.8
11.8
15.1
12.0

1.7
-2.7
2.6
1.8
6.3
6.0
-0.2
10.8
4.3

3.1
7.3
2.2
2.6
1.8
5.0

150.9
3.5
0.5

4.6
-4.0
2.2
3.0
0.7
5.7
2.8
6.1

3.5
6.7

2.6

17
5.7
4.0

1.6
24
1.6
1.9
2.1
2.1
2.2
2.1
1.8
1.6

3.3
-0.7
3.5
4.9
5.9
4.1
11
7.3
3.7

4.4
3.4
5.2
3.8
7.6
5.9

15.1
5.0
-0.2

4.5
3.1
4.2
3.7
53
5.6
5.2
4.2

3.6
3.2

3.8

15
5.0
3.4

15
2.3
15
1.8
2.1
2.1
2.2
2.0
1.7
15

15
-1.8
3.0
4.2
4.0
2.9
0.9
4.8
4.3

2.7
6.7
0.6
3.1
0.4
4.5

3.5
3.0
-0.2

3.6
2.6
3.6
3.2
4.3
4.8
4.5
3.1

4.7
7.4

3.1

13
43
2.9

1.4
2.1
1.4
1.6
2.0
2.0
2.2
2.0
1.6
1.4

1.4
-1.5
2.5
3.6
2.5
2.0
0.8
2.9
3.1

2.4
3.9
3.7
2.3
1.6
3.7

2.3
2.7
-0.1

2.8
2.0
3.1
2.8
3.6
4.0
3.8
2.2
3.7
4.1
26.1
2.3

11
3.6
25

13
1.8
13
15
2.0
2.0
2.1
2.0
15
13

0.9
-1.5
2.1
3.0
1.4
13
0.7
1.4
2.6

1.9
43
0.3
1.6
0.7
3.1

1.4
2.1
0.0

2.1
1.6
2.6
2.4
3.0
3.3
3.1
1.4
2.7
4.6
5.9
1.6

15
5.0
35

3.8
3.7
3.7
3.3
3.9
4.0
4.2
3.9
4.2
3.5

1.8
-1.6
2.7
3.5
4.0
3.3
0.7
5.4
3.6

29
5.1
2.4
2.7
2.4
44

254
3.2
0.0

35
1.0
3.2
3.0
3.4
4.7
3.9
34

3.6
5.2

2.7



1.3 High Grow Case

Economic Indicators

Population

Real GDP in 1985 price

RGDP per capita
Energy Prices

Crude oil

Coal

Natural Gas

LPG

Gasoline

Kerosene

Jet Fuel

Diesel

Fuel QOil

Electricity (Average)

Energy Indicators
TPE per capita
TPE per GDP
Electricity per capita
Passenger Cars
Utility Vehicles
Trucks
Buses
Motorcycles/Tricycles
CO2 Emission

Total Primary Energy Supply

Coal

Natural Gas

Oil

Geothermal

Hydro

Nuclear

Renewables
Commercial Energy
Non-commercial Energy

Coal

Natural Gas

Oil

Others

Non-commercial Energy
Final Demand (excl. Non-Con

Agriculture

Industry

Energy Intensive
Other

Commercial

Residential

Transport

Energy Net Import
Coal
Natural Gas
Oil

Energy Import Ratio
Coal
Natural Gas
Oil

Unit

Million

Billion PHP
PHP/person

Peso / litter
Peso / kg

Peso / mmBtu

Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / kwh

kgoe/person

toe/mil. PHP
kWh/person
1,000 units
1,000 units
1,000 units
1,000 units
1,000 units
CO,-kton

ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
%
%
%
%
%
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe

ktoe

ktoe
ktoe

2005
85.3
1,210
14,198

17.8
2.0
347
19.1
30.7
29.5
32.6
28.8
18.9
6.8

384
27.0
530
788
1,792
267
31
2,158
64,453

38,498
5,190
2,504
14,430
8,516
2,088
0
3
32,731
5,766
135
6.5
375
27.6
15.0

17,402

313
4,084
2,653
1,430
1,660
2,405
8,940

18,112
3,710
0
14,402
55.3
715
0.0
99.8

2010
93.0
1,672
17,976

33.9
3.2
642
30.8
53.1
52.8
59.6
50.4
38.2
12.0

423
235
611
872
2,473
363
31
3,684
80,830

45,265
7,440
2,858
16,739
9,327
2,661
0
317
39,343
5,922
16.4
6.3
37.0
27.2
13.1

22,135

256
4,650
3,164
1,486
2,232
2,792
12,205

21,841
5,139
0
16,702
55.5
69.1
0.0
99.8

2015
101.1
2,289

22,651

36.7
3.6
696
33.9
59.0
58.6
66.5
55.8
41.7
13.0

508
22.4
748
1,144
3,378
452

32
5,370
101,680

57,277
10,012
3,285
20,443
13,426
3,543
0

655
51,364
5,913
175
5.7
35.7
30.8
10.3
28,350
300
5,944
3,953
1,990
3,049
3,651
15,406

27,381
6,975
0
20,406
53.3
69.7
0.0
99.8

2020

108.7
3,072
28,254

39.5
4.1
749
37.0
65.3
64.9
74.1
61.7
45.3
14.0

564
20.0
905
1,480
4,239
535

34
6,973
129,890

67,316
14,123
3,716
24,611
13,667
4,425
0

801
61,343
5,972
21.0
55
36.6
28.1
8.9
35,142
347
7,454
4,874
2,580
4,065
4,666
18,610

35,427
10,054
798
24,574
57.8
71.2
21.5
99.9

Al-3

2025

115.9
4,032
34,796

42.3
45
803
40.0
72.3
71.8
82.4
68.1
49.1
15.0

629
18.1
1,081
1,879
4,919
607

35
8,177
160,880

79,035
19,079
4,235
28,550
14,812
5,307
0

925
72,908
6,127
241
54
36.1
26.6
7.8
42,165
392
9,191
5,922
3,270
5,277
5,802
21,503

45,207
14,363
2,330
28,514
62.0
75.3
55.0
99.9

2030

122.4
5,181
42,341

45.2
4.9
856
43.1
79.9
79.3
91.6
75.0
53.0
16.1

690
16.3
1,276
2,337
5,327
664

37
8,800
194,440

90,881
24,963
4,615
32,318
15,354
6,189
0
1,020
84,458
6,423
27.5
51
35.6
24.8
7.1
49,265
435
11,161
7,105
4,056
6,684
7,037
23,948

54,778
18,997
3,500
32,281
64.9
76.1
75.8
99.9

05-10

Growth Rate (%)

10-15 15-20 20-25 25-30 05-30

1.8
6.7
4.8

13.7

9.9
13.1
10.0
11.6
12.3
12.8
11.8
15.1
12.0

2.0
-2.7
2.9
2.0
6.7
6.3
-0.2
11.3
4.6

3.3
7.5
2.7
3.0
1.8
5.0

151.6
3.7
0.5

4.9
-3.9
2.6
3.6
0.8
6.1
3.0
6.4

3.8
6.7

3.0

17
6.5
4.7

1.6
2.4
1.6
1.9
2.1
2.1
2.2
2.1
1.8
1.6

3.7
-1.0
4.1
5.6
6.4
4.5
11
7.8
4.7

4.8
6.1
2.8
4.1
7.6
5.9

15.6
55
-0.0

5.1
3.3
5.0
4.6
6.0
6.4
55
4.8

4.6
6.3

4.1

15
6.1
4.5

15
2.3
15
1.8
2.1
2.1
2.2
2.0
1.7
15

2.1
-2.3
3.9
53
4.6
3.5
0.9
54
5.0

3.3
7.1
25
3.8
0.4
4.5

4.1
3.6
0.2

44
2.9
4.6
4.3
53
5.9
5.0
3.9

53
7.6

3.8

1.3
5.6
4.3

1.4
2.1
1.4
1.6
2.0
2.0
2.2
2.0
1.6
1.4

2.2
-2.0
3.6
4.9
3.0
2.5
0.8
3.2
4.4

3.3
6.2
2.6
3.0
1.6
3.7

2.9
3.5
0.5

3.7
2.5
4.3
4.0
4.9
5.4
45
2.9
5.0
7.4
23.9
3.0

11
51
4.0

13
1.8
13
15
2.0
2.0
21
2.0
1.5
1.3

1.9
-2.1
3.4
4.5
1.6
1.8
0.7
15
3.9

2.8
5.5
1.7
2.5
0.7
31

2.0
3.0
0.9

3.2
2.1
4.0
3.7
4.4
4.8
3.9
2.2
3.9
5.8
8.5
2.5

1.5
6.0
4.5

3.8
3.7
3.7
3.3
3.9
4.0
42
3.9
4.2
3.5

2.4
-2.0
3.6
4.4
4.5
3.7
0.7
5.8
4.5

3.5
6.5
2.5
3.3
2.4
4.4

26.0
3.9
0.4

4.3
13
4.1
4.0
4.3
5.7
4.4
4.0

45
6.8

3.3



1.4 Low Growth Case

Economic Indicators

Population

Real GDP in 1985 price

RGDP per capita
Energy Prices

Crude oil

Coal

Natural Gas

LPG

Gasoline

Kerosene

Jet Fuel

Diesel

Fuel Oil

Electricity (Average)

Energy Indicators
TPE per capita
TPE per GDP
Electricity per capita
Passenger Cars
Utility Vehicles
Trucks
Buses
Motorcycles/Tricycles
CO2 Emission

Total Primary Energy Supply

Coal

Natural Gas

Qil

Geothermal

Hydro

Nuclear

Renewables
Commercial Energy
Non-commercial Energy

Coal

Natural Gas

Qil

Others

Non-commercial Energy
Final Demand (excl. Non-Con

Agriculture

Industry

Energy Intensive
Other

Commercial

Residential

Transport

Energy Net Import
Coal
Natural Gas
Qil

Energy Import Ratio
Coal
Natural Gas
Qil

Unit

Million
Billion PHP
PHP/person

Peso / litter
Peso / kg

Peso / mmBtu

Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / kwWh

kgoe/person

toe/mil. PHP
kWh/person
1,000 units
1,000 units
1,000 units
1,000 units
1,000 units
CO,-kton

ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
%
%
%
%
%
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe

ktoe
ktoe
ktoe
ktoe
%
%
%
%

2005

85.3
1,210
14,198

17.8

2.0
347
19.1
30.7
29.5
32.6
28.8
18.9

6.8

384
27.0
530
788
1,792
267
31
2,158
64,453

38,498
5,190
2,504
14,430
8,516
2,088
0
3
32,731
5,766
135
6.5
375
27.6
15.0

17,402

313
4,084
2,653
1,430
1,660
2,405
8,940

18,112
3,710
0
14,402
55.3
71.5
0.0
99.8

2010

93.0
1,580
16,986

33.9
3.2
642
30.8
53.1
52.8
59.6
50.4
38.2
12.0

408
24.0
579
837
2,338
346
31
3,442
77,330

43,827
7,336
2,424
15,926
9,327
2,661
0
302
37,977
5,850
16.7
55
36.3
28.0
133
21,085
247
4,414
3,015
1,400
2,097
2,695

11,631

21,029
5,139
0
15,890
55.4
70.0
0.0
99.8

2015 2020
1011 1087
1942 2335
19,210 21,471
3.7 395
36 4l
696 749
339 370
500 653
58.6  64.9
665 741
558 617
417 453
130 140
463 472
241 220
648 716
988 1,145
2,943 3,468
405 455
32 34
4654 5715
88,330 96,350
52,443 56,889
8578 8,360
2368 3,715
18,258 20,535
13,426 13,667
3543 4,425
0 0
580 667
46,753 51,368
5690 5520
164 147
45 65
348 361
335 330
109 97
24,903 28,552
273 297
5160 5945
3,497 4,010
1663 1,935
2558 3,040
3359 4,077
13,553 15,192
24,240 26,924
6019 5629
o 797
18,222 20,498
51.8 524
702 673
00 215
99.8  99.8

Al-4

2025
115.9
2,758

23,803

42.3

45

803
40.0
72.3
71.8
82.4
68.1
49.1
15.0

495
20.8
780
1,306
3,868
494

35
6,490
108,910

62,679
10,283
3,739
22,450
14,812
5,307
0

733
57,323
5,356
16.4
6.0
35.8
33.3
8.5
31,872
320
6,768
4,554
2,214
3,540
4,807
16,438

31,302
7,058
1,831

22,414

54.6
68.6
49.0
99.8

2030
122.4
3,216

26,284

45.2

4.9

856
43.1
79.9
79.3
91.6
75.0
53.0
16.1

508
19.3
843
1,469
4,119
521

37
6,936
119,880

67,399
12,142
3,783
23,928
15,354
6,189
0

778
62,174
5,224
18.0
5.6
355
33.1
7.8
34,820
340
7,626
5,126
2,500
4,062
5,503
17,289

34,961
8,405
2,665

23,891

56.2
69.2
70.4
99.8

Growth Rate (%)

05-10 10-15 15-20 20-25 25-30 05-30
18 17 15 13 11 15
55 42 38 34 31 40
37 25 22 21 20 25

137 16 15 14 13 38
99 24 23 21 18 37
131 16 15 14 13 37
100 19 18 16 15 33
116 21 21 20 20 39
123 21 21 20 20 40
128 22 22 22 21 42
118 21 20 20 20 39
151 18 17 16 15 42
120 16 15 14 13 35
12 25 04 09 05 11
-23 00 -18 -11 -14 -13
18 23 20 17 16 19
12 34 30 27 24 25
55 47 33 22 13 34
53 32 24 16 11 27
02 11 09 08 07 07
98 62 42 26 13 48
37 27 18 25 19 25
26 37 16 20 15 23
72 32 -05 42 34 35
06 -05 94 01 02 17
20 28 24 18 13 20
18 76 04 16 07 24
50 59 45 37 31 44

149.2 139 28 19 12 247
30 42 19 22 16 26
03 -06 -06 -06 -05 -04
39 34 28 22 18 28
46 20 17 14 12 03
16 32 29 26 24 25
26 30 28 26 24 27
-04 35 31 27 25 23
48 41 35 31 28 36
23 45 40 33 27 34
54 31 23 16 10 27
30 29 21 31 22 27
67 32 -13 46 36 33

181 78
20 28 24 18 13 20



1.5 High Price Case

Economic Indicators

Population

Real GDP in 1985 price

RGDP per capita
Energy Prices

Crude oil

Coal

Natural Gas

LPG

Gasoline

Kerosene

Jet Fuel

Diesel

Fuel QOil

Electricity (Average)

Energy Indicators
TPE per capita
TPE per GDP
Electricity per capita
Passenger Cars
Utility Vehicles
Trucks
Buses
Motorcycles/Tricycles
CO2 Emission

Total Primary Energy Supply

Coal

Natural Gas

Oil

Geothermal

Hydro

Nuclear

Renewables
Commercial Energy
Non-commercial Energy

Coal

Natural Gas

Oil

Others

Non-commercial Energy
Final Demand (excl. Non-Con

Agriculture

Industry

Energy Intensive
Other

Commercial

Residential

Transport

Energy Net Import
Coal
Natural Gas
Oil

Energy Import Ratio
Coal
Natural Gas
Oil

Unit

Million

Billion PHP
PHP/person

Peso / litter
Peso / kg

Peso / mmBtu

Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / kwh

kgoe/person

toe/mil. PHP
kWh/person
1,000 units
1,000 units
1,000 units
1,000 units
1,000 units
CO,-kton

ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
%
%
%
%
%
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe

ktoe

ktoe
ktoe

2005
85.3
1,210
14,198

17.8
2.0
347
19.1
30.7
29.5
32.6
28.8
18.9
6.8

384
27.0
530
788
1,792
267
31
2,158
64,453

38,498
5,190
2,504
14,430
8,516
2,088
0
3
32,731
5,766
135
6.5
375
27.6
15.0

17,402

313
4,084
2,653
1,430
1,660
2,405
8,940

18,112
3,710
0
14,402
55.3
715
0.0
99.8

2010
93.0
1,647
17,708

33.9
3.2
642
30.8
53.1
52.8
59.6
50.4
38.2
12.0

418
23.6
602
862
2,434
358
31
3,610
79,640

44,771
7,373
2,797
16,400
9,327
2,661
0
312
38,871
5,901
16.5
6.2
36.6
275
13.2

21,787

254
4,551
3,071
1,480
2,187
2,763
12,032

21,502
5,139
0
16,363
55.3
69.7
0.0
99.8

2015
101.1
2,177

21,536

39.5
3.9
749
37.0
61.8
61.4
69.3
58.7
445
13.9

488
22.7
711
1,078
3,238
437
32
5,134
94,940

55,207

8,684
3,509
19,559
13,426
3,543
0
625
49,347
5,860
15.7
6.4
35.4
31.9
10.6

26,901

289
5,548
3,646
1,902
2,856
3,531
14,676

25,541
6,019
0
19,523
51.8
69.3
0.0
99.8

2020

108.7
2,772
25,491

45.2
4.6
856
43.1
71.0
70.5
79.7
67.4
51.0
15.8

523
20.5
820
1,308
3,944
505

34
6,497
115,700

62,719
11,684
3,716
22,652
13,667
4,425
0

738
56,881
5,837
18.6
5.9
36.1
30.0
9.3
31,888
322
6,588
4,251
2,337
3,589
4,380
17,009

31,744
8,331
797
22,615
55.8
71.3
21.5
99.8

Al-5

2025

115.9
3,413
29,456

50.8
54
963
49.3
80.7
80.2
90.9
76.5
57.5
17.8

559
19.0
924
1,542
4,470
558

35
7,479
134,780

70,648
14,539
4,103
25,225
14,812
5,307
0

823
64,809
5,839
20.6
5.8
35.7
29.6
8.3
36,413
351
7,644
4,863
2,781
4,349
5,254
18,815

37,899
10,515
2,196
25,188
58.5
72.3
53.5
99.9

2030

122.4
4,079
33,332

56.5
6.2
1,070
55.4
91.2
90.5
102.9
86.3
64.2
19.7

584
175
1,019
1,769
4,784
595

37
8,010
152,960

77,383
17,913
4,007
27,162
15,354
6,189
0

878
71,503
5,880
231
52
35.1
29.0
7.6
40,287
374
8,676
5,463
3,214
5,104
6,095
20,038

43,158
13,143
2,890
27,125
60.4
73.4
72.1
99.9

05-10

Growth Rate (%)

10-15 15-20 20-25 25-30 05-30

1.8
6.3
4.5

13.7

9.9
13.1
10.0
11.6
12.3
12.8
11.8
15.1
12.0

17
-2.7
2.6
1.8
6.3
6.0
-0.2
10.8
4.3

3.1
7.3
2.2
2.6
1.8
5.0

150.9
3.5
0.5

4.6
-4.0
2.2
3.0
0.7
57
2.8
6.1

3.5
6.7

2.6

17
5.7
4.0

3.1
4.0
3.1
3.7
3.1
3.1
3.1
31
3.1
3.0

3.2
-0.8
34
4.6
5.9
4.1
11
7.3
3.6

4.3
3.3
4.6
3.6
7.6
5.9

14.9
4.9
-0.1

4.3
2.6
4.0
3.5
52
55
5.0
4.1

3.5
3.2

3.6

15
5.0
3.4

2.7
3.5
2.7
3.1
2.8
2.8
2.8
2.8
2.7
2.6

1.4
-2.0
2.9
3.9
4.0
2.9
0.9
4.8
4.0

2.6
6.1
1.2
3.0
0.4
4.5

3.4
2.9

-0.1

3.5
2.2
3.5
3.1
4.2
4.7
4.4
3.0

4.4
6.7

3.0

1.3
4.3
2.9

2.4
3.1
2.4
2.7
2.6
2.6
2.7
2.6
2.5
2.3

13
-1.5
2.4
3.4
2.5
2.0
0.8
2.9
3.1

24
45
2.0
2.2
1.6
3.7

2.2
2.6
0.0

2.7
1.7
3.0
2.7
3.5
3.9
3.7
2.0

3.6
4.8

225
2.2

11
3.6
2.5

2.1
2.6
2.1
24
2.5
2.5
2.5
24
2.2
2.1

0.9
-1.6
2.0
2.8
1.4
13
0.7
1.4
2.6

1.8
4.3
-0.5
15
0.7
31

1.3
2.0
0.1

2.0
1.3
2.6
2.4
2.9
3.3
3.0
13
2.6
4.6
5.6
1.5

1.5
5.0
35

4.7
4.6
4.6
44
4.4
4.6
4.7
4.5
5.0
4.3

17
-1.7
2.7
3.3
4.0
3.3
0.7
5.4
35

2.8
5.1
1.9
2.6
2.4
4.4

25.3
3.2
0.1

3.4
0.7
3.1
2.9
3.3
4.6
3.8
3.3

3.5
5.2

2.6



1.6 Low Price Case

Economic Indicators

Population

Real GDP in 1985 price

RGDP per capita
Energy Prices

Crude oil

Coal

Natural Gas

LPG

Gasoline

Kerosene

Jet Fuel

Diesel

Fuel Oil

Electricity (Average)

Energy Indicators
TPE per capita
TPE per GDP
Electricity per capita
Passenger Cars
Utility Vehicles
Trucks
Buses
Motorcycles/Tricycles
CO2 Emission

Total Primary Energy Supply

Coal

Natural Gas

Qil

Geothermal

Hydro

Nuclear

Renewables
Commercial Energy
Non-commercial Energy

Coal

Natural Gas

Qil

Others

Non-commercial Energy
Final Demand (excl. Non-Con

Agriculture

Industry

Energy Intensive
Other

Commercial

Residential

Transport

Energy Net Import
Coal
Natural Gas
Qil

Energy Import Ratio
Coal
Natural Gas
Qil

Unit

Million
Billion PHP
PHP/person

Peso / litter
Peso / kg

Peso / mmBtu

Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / kwWh

kgoe/person

toe/mil. PHP
kWh/person
1,000 units
1,000 units
1,000 units
1,000 units
1,000 units
CO,-kton

ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
%
%
%
%
%
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe

ktoe
ktoe
ktoe
ktoe
%
%
%
%

2005

85.3
1,210
14,198

17.8

2.0
347
19.1
30.7
29.5
32.6
28.8
18.9

6.8

384
27.0
530
788
1,792
267
31
2,158
64,453

38,498
5,190
2,504
14,430
8,516
2,088
0
3
32,731
5,766
135
6.5
375
27.6
15.0

17,402

313
4,084
2,653
1,430
1,660
2,405
8,940

18,112
3,710
0
14,402
55.3
71.5
0.0
99.8

2010

93.0
1,647
17,708

33.9
3.2
642
30.8
53.1
52.8
59.6
50.4
38.2
12.0

417
235
600
862
2,434
358
31
3,610
79,380

44,681

7,368
2,767
16,340
9,327
2,661
0
311
38,775
5,906
16.5
6.2
36.6
271.5
13.2

21,706

253
4,535
3,060
1,475
2,180
2,756
11,983

21,442
5,139
0
16,303
55.3
69.7
0.0
99.8

2015

101.1
2,177
21,536

33.9
3.3
642
30.8
56.1
55.8
63.7
53.0
38.9
12.1

493
229
719
1,111
3,238
437
32
5,134
96,180

55,627
8,703
3,608

19,887

13,426
3,543

0
634

49,800

5,826
15.6
6.5
35.8
31.6
10.5
27,249
303
5,616
3,693
1,923
2,892
3,573
14,866

25,869
6,019
0
19,850
51.9
69.2
0.0
99.8

2020
108.7
2,772

25,491

33.9
3.5
642
30.8
59.7
59.2
68.4
56.1
39.7
12.2

535
21.0
839
1,389
3,944
505

34
6,497
119,820

63,896
12,238
3,772
23,281
13,667
4,425
0

759
58,142
5,755
19.2
5.9
36.4
29.5
9.0
32,768
353
6,756
4,365
2,391
3,682
4,485
17,492

32,865
8,766
854
23,244
56.5
71.6
22.6
99.8

Al-6

2025
115.9
3,413

29,456

33.9
3.6
642
30.8
63.8
63.3
73.9
59.6
40.6
12.3

576
195
956
1,679
4,470
558

35
7,479
140,630

72,402
15,164
4,331
26,235
14,812
5,307
0

856
66,705
5,697
20.9
6.0
36.2
29.0
7.9
37,866
400
7,929
5,054
2,875
4,512
5,435
19,590

39,606
10,982
2,426
26,199
59.4
724
56.0
99.9

2030
122.4
4,079

33,332

33.9
3.7
642
30.8
68.6
68.0
80.3
63.7
41.7
12.4

606
18.2
1,064
1,964
4,784
595

37
8,010
160,740

79,837
18,567
4,590
28,541
15,354
6,189
0

922
74,164
5,673
23.3
5.7
35.7
28.1
7.1
42,317
441
9,088
5,737
3,351
5,349
6,361
21,078

45,584
13,604
3,475
28,504
61.5
73.3
75.7
99.9

Growth Rate (%)

05-10 10-15 15-20 20-25 25-30 05-30

1.8
6.3
4.5

13.7

9.9
13.1
10.0
11.6
12.3
12.8
11.8
15.1
12.0

1.7
-2.7
2.5
1.8
6.3
6.0
-0.2
10.8
4.3

3.0
7.3
2.0
2.5
1.8
5.0

150.8
3.4
0.5

45
-4.1
2.1
2.9
0.6
5.6
2.8
6.0

34
6.7

2.5

17
5.7
4.0

0.0
0.8
0.0
0.0
11
11
1.3
1.0
0.4
0.1

3.4
-0.6
3.7
52
5.9
4.1
11
7.3
3.9

4.5
3.4
5.5
4.0
7.6
5.9

15.3
5.1
-0.3

4.7
3.7
4.4
3.8
55
5.8
53
4.4

3.8
3.2

4.0

15 13

50 43

34 29

0.0 0.0

08 0.7

0.0 0.0

00 0.0

1.2 13

12 13

14 16

11 12

04 05

02 02

17 15

-1.7  -14
31 26

46 39

40 25

29 20

09 08

48 29

45 33

28 25
71 44

09 28

32 24

04 16

45 37

3.7 24

31 28

-02 -0.2
38 29
31 25

38 33

34 30

45 38

49 42

47 39

33 23

49 38
78 4.6

23.2

32 24

11
3.6
25

0.0
0.5
0.0
0.0
15
1.4
1.7
1.3
0.5
0.2

1.0
-1.4
2.2
3.2
1.4
13
0.7
1.4
2.7

2.0
4.1
1.2
17
0.7
3.1

15
2.1

-0.1

2.2
2.0
2.8
2.6
31
3.5
3.2
15
29
4.4
7.5
17

15
5.0
35

2.6
2.5
2.5
1.9
3.3
3.4
3.7
3.2
3.2
2.4

1.8
-1.6
2.8
3.7
4.0
3.3
0.7
5.4
3.7

3.0
5.2
2.5
2.8
2.4
44

25.5
3.3
-0.1

3.6
1.4
3.3
3.1
3.5
4.8
4.0
35

3.8
5.3

2.8



1.7 Super High Price Case

Economic Indicators

Population

Real GDP in 1985 price

RGDP per capita
Energy Prices

Crude oil

Coal

Natural Gas

LPG

Gasoline

Kerosene

Jet Fuel

Diesel

Fuel QOil

Electricity (Average)

Energy Indicators
TPE per capita
TPE per GDP
Electricity per capita
Passenger Cars
Utility Vehicles
Trucks
Buses
Motorcycles/Tricycles
CO2 Emission

Total Primary Energy Supply

Coal

Natural Gas

Oil

Geothermal

Hydro

Nuclear

Renewables
Commercial Energy
Non-commercial Energy

Coal

Natural Gas

Oil

Others

Non-commercial Energy
Final Demand (excl. Non-Con

Agriculture

Industry

Energy Intensive
Other

Commercial

Residential

Transport

Energy Net Import
Coal
Natural Gas
Oil

Energy Import Ratio
Coal
Natural Gas
Oil

Unit

Million

Billion PHP
PHP/person

Peso / litter
Peso / kg

Peso / mmBtu

Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / kwh

kgoe/person

toe/mil. PHP
kWh/person
1,000 units
1,000 units
1,000 units
1,000 units
1,000 units
CO,-kton

ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
%
%
%
%
%
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe

ktoe

ktoe
ktoe

2005
85.3
1,210
14,198

17.8
2.0
347
19.1
30.7
29.5
32.6
28.8
18.9
6.8

384
27.0
530
788
1,792
267
31
2,158
64,453

38,498
5,190
2,504
14,430
8,516
2,088
0
3
32,731
5,766
135
6.5
375
27.6
15.0

17,402

313
4,084
2,653
1,430
1,660
2,405
8,940

18,112
3,710
0
14,402
55.3
715
0.0
99.8

2010
93.0
1,647
17,708

39.5
3.7
749
37.0
58.7
58.4
65.2
56.0
43.8
13.8

413
233
592
840
2,434
358
31
3,610
78,440

44,348
7,349
2,637

16,129
9,327
2,661

0
308

38,412

5,936
16.6
5.9
36.4
27.7
13.4
21,409
243
4,469
3,013
1,457
2,149
2,719
11,829

21,231
5,139
0
16,092
55.3
69.9
0.0
99.8

2015
101.1
2,177

21,536

46.6
4.6
883
44.7
68.9
68.5
76.4
65.7
51.6
16.2

482
22.4
699
1,036
3,238
437
32
5,134
93,220

54,592
8,654
3,290

19,160

13,426
3,543

0
613

48,686

5,906
15.9
6.0
35.1
322
10.8
26,354
273
5,444
3573
1,871
2,805
3472
14,359

25,142
6,019
0
19,123
51.6
69.5
0.0
99.8

2020

108.7
2,772
25,491

53.6
55
1,017
52.4
79.5
79.0
88.2
75.8
59.4
18.6

514
20.2
805
1,254
3,944
505

34
6,497
112,440

61,806
11,212
3,715
22,167
13,667
4,425
0

723
55,909
5,897
18.1
6.0
35.9
30.4
9.5
31,216
304
6,460
4,163
2,297
3,522
4,304
16,626

30,886
7,959
797
22,130
55.2
71.0
21.5
99.8

Al-7

2025

115.9
3,413
29,456

60.7
6.5
1,150
60.1
90.6
90.1
100.8
86.4
67.4
21.0

551
18.7
907
1,477
4,470
558

35
7,479
132,230

69,741
14,494
3,739
24,672
14,812
5,307
0

806
63,830
5,911
20.8
54
35.4
30.0
8.5
35,628
331
7,493
4,760
2,733
4,266
5,161
18,378

36,980
10,514
1,831
24,635
57.9
72.5
49.0
99.9

2030

122.4
4,079
33,332

67.8
7.4
1,284
67.8
102.5
101.8
114.2
97.6
75.5
23.3

574
17.2
1,001
1,693
4,784
595

37
8,010
149,320

76,258
17,557
3,783
26,551
15,354
6,189
0

859
70,294
5,964
23.0
5.0
34.8
29.4
7.8
39,403
353
8,501
5,345
3,156
5,005
5,986
19,559

42,061
12,883
2,664
26,514
59.8
73.4
70.4
99.9

05-10

Growth Rate (%)

10-15 15-20 20-25 25-30 05-30

1.8
6.3
4.5

17.2
13.4
16.6
14.1
13.9
14.6
14.9
14.2
18.3
15.3

15
-2.9
2.3
13
6.3
6.0
-0.2
10.8
4.0

2.9
7.2
1.0
2.3
1.8
5.0

150.2
3.3
0.6

4.2
-4.9
1.8
2.6
0.4
53
2.5
5.8

3.2
6.7

2.2

17
5.7
4.0

3.3
4.2
3.3
3.9
3.2
3.2
3.2
3.2
3.3
3.2

3.1
-0.8
34
43
5.9
4.1
11
7.3
3.5

4.2
3.3
45
3.5
7.6
5.9

14.8
4.9
-0.1

4.2
2.4
4.0
3.5
51
55
5.0
4.0

3.4
3.2

35

15
5.0
3.4

2.9
3.7
2.9
3.2
2.9
2.9
2.9
29
2.9
2.8

1.3
-2.0
2.9
3.9
4.0
2.9
0.9
4.8
3.8

2.5
53
25
3.0
0.4
4.5

3.4
2.8

-0.0

34
2.2
3.5
3.1
4.2
4.7
4.4
3.0

4.2
5.7

3.0

1.3
4.3
2.9

2.5
3.3
2.5
2.8
2.7
2.7
2.7
2.6
2.6
2.4

1.4
-1.5
2.4
3.3
2.5
2.0
0.8
2.9
3.3

24
53
0.1
2.2
1.6
3.7

2.2
2.7
0.1

2.7
1.7
3.0
2.7
3.5
3.9
3.7
2.0

3.7
5.7

18.1
2.2

11
3.6
2.5

2.2
2.7
2.2
24
2.5
2.5
25
25
2.3
2.1

0.8
-1.6
2.0
2.8
1.4
13
0.7
1.4
2.5

1.8
3.9
0.2
15
0.7
31

1.3
1.9
0.2

2.0
1.3
2.6
2.3
2.9
3.2
3.0
13
2.6
4.1
7.8
1.5

1.5
5.0
35

55
5.4
5.4
5.2
4.9
51
51
5.0
5.7
5.0

1.6
-1.8
2.6
3.1
4.0
3.3
0.7
5.4
3.4

2.8
5.0
1.7
2.5
2.4
4.4

25.2
3.1
0.1

3.3
0.5
3.0
2.8
3.2
4.5
3.7
3.2

3.4
5.1

2.5



1.8 Energy Efficiency and Conservation Case

Economic Indicators

Population

Real GDP in 1985 price

RGDP per capita
Energy Prices

Crude oil

Coal

Natural Gas

LPG

Gasoline

Kerosene

Jet Fuel

Diesel

Fuel Oil

Electricity (Average)

Energy Indicators
TPE per capita
TPE per GDP
Electricity per capita
Passenger Cars
Utility Vehicles
Trucks
Buses
Motorcycles/Tricycles
CO2 Emission

Total Primary Energy Supply

Coal

Natural Gas

Qil

Geothermal

Hydro

Nuclear

Renewables
Commercial Energy
Non-commercial Energy

Coal

Natural Gas

Qil

Others

Non-commercial Energy
Final Demand (excl. Non-Con

Agriculture

Industry

Energy Intensive
Other

Commercial

Residential

Transport

Energy Net Import
Coal
Natural Gas
Qil

Energy Import Ratio
Coal
Natural Gas
Qil

Unit

Million

Billion PHP
PHP/person

Peso / litter
Peso / kg

Peso / mmBtu

Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / kwWh

kgoe/person

toe/mil. PHP
kWh/person
1,000 units
1,000 units
1,000 units
1,000 units
1,000 units
CO,-kton

ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
%
%
%
%
%
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe

ktoe
ktoe
ktoe
ktoe
%
%
%
%

2005

85.3
1,210
14,198

17.8
2.0
347
19.1
30.7
29.5
32.6
28.8
18.9
6.8

384
27.0
530
788
1,792
267
31
2,158
64,453

38,498
5,190
2,504

14,430
8,516
2,088

0
3

32,731

5,766
135
6.5
375
27.6
15.0
17,402
313
4,084
2,653
1,430
1,660
2,405
8,940

18,112
3,710
0
14,402
55.3
71.5
0.0
99.8

2010

93.0
1,647
17,708

33.9
3.2
642
30.8
53.1
52.8
59.6
50.4
38.2
12.0

414
234
593
862
2,434
358
31
3,610
78,600

44,403
7,352
2,650

16,170
9,327
2,661

0
308

38,469

5,934
16.6
6.0
36.4
27.7
13.4
21,460
251
4,482
3,025
1,458
2,154
2721
11,852

21,273
5,139
0
16,134
55.3
69.9
0.0
99.8

2015

101.1
2,177
21,536

36.7
3.6
696
33.9
59.0
58.6
66.5
55.8
41.7
13.0

478
22.2
688
1,094
3,238
437
32
5,134
92,220

54,226
8,630
3,085

18,984

13,426
3,543

0
607

48,275

5,952

15.9
5.7
35.0
324
11.0

26,049

285
5,369
3,529
1,840
2,764
3,415
14,216

24,966
6,019
0
18,947
51.7
69.7
0.0
99.8

2020
108.7
2,772

25,491

39.5
41
749
37.0
65.3
64.9
74.1
61.7
45.3
14.0

501
19.6
777
1,346
3,944
505

34
6,497
107,300

60,436
10,303
3,714
21,607
13,667
4,425
0

705
54,421
6,015
17.0
6.1
35.8
31.1
10.0
30,312
316
6,254
4,038
2,216
3,407
4,153
16,182

29,599
7,233
796
21,570
54.4
70.2
21.4
99.8

Al-8

2025
115.9
3,413

29,456

42.3

45

803
40.0
72.3
71.8
82.4
68.1
49.1
15.0

527
17.9
858
1,605
4,470
558

35
7,479
122,660

67,206
12,818
3,735
23,628
14,812
5,307
0

773
61,074
6,131
19.1
5.6
35.2
31.1
9.1
33,930
340
7,110
4,527
2,583
4,045
4,879
17,555

34,595
9,176
1,827

23,592

56.6
71.6
48.9
99.8

2030
122.4
4,079

33,332

45.2

4.9

856
43.1
79.9
79.3
91.6
75.0
53.0
16.1

539
16.2
927
1,857
4,784
595

37
8,010
134,400

72,316
14,928
3,775
24,946
15,354
6,189
0

812
66,004
6,312
20.6
5.2
345
30.9
8.7
36,759
358
7,900
4,979
2,920
4,647
5,538
18,315

38,349
10,783
2,656
24,910
58.1
72.2
70.4
99.9

Growth Rate (%)

05-10 10-15 15-20 20-25 25-30 05-30

1.8
6.3
4.5

13.7

9.9
13.1
10.0
11.6
12.3
12.8
11.8
15.1
12.0

15
-2.9
2.3
1.8
6.3
6.0
-0.2
10.8
4.0

2.9
7.2
11
2.3
1.8
5.0

150.2
3.3
0.6

4.3
-4.3
1.9
2.7
0.4
53
2.5
5.8

3.3
6.7

2.3

17
5.7
4.0

1.6
24
1.6
1.9
2.1
2.1
2.2
2.1
1.8
1.6

2.9
-1.0
3.0
4.9
5.9
4.1
11
7.3
3.2

4.1
3.3
3.1
3.3
7.6
5.9

145
4.6
0.1

4.0
2.6
3.7
3.1
4.8
5.1
4.6
3.7

3.3
3.2

3.3

15
5.0
3.4

15
2.3
15
1.8
2.1
2.1
2.2
2.0
1.7
15

0.9
-2.4
2.5
4.2
4.0
2.9
0.9
4.8
3.1

2.2
3.6
3.8
2.6
0.4
4.5

3.0
2.4
0.2

3.1
2.1
31
2.7
3.8
4.3
4.0
2.6

3.5
3.7

2.6

13
43
2.9

1.4
2.1
1.4
1.6
2.0
2.0
2.2
2.0
1.6
1.4

1.0
-1.8
2.0
3.6
2.5
2.0
0.8
2.9
2.7

2.1
45
0.1
1.8
1.6
3.7

1.9
2.3
0.4

2.3
15
2.6
2.3
3.1
3.5
3.3
1.6
3.2
4.9
18.1
1.8

11
3.6
25

13
1.8
13
15
2.0
2.0
2.1
2.0
15
13

0.5
-2.0
1.6
3.0
1.4
13
0.7
1.4
1.8

1.5
3.1
0.2
11
0.7
3.1

1.0
1.6
0.6

1.6
1.0
2.1
1.9
2.5
2.8
2.6
0.9
21
3.3
7.8
11

15
5.0
35

3.8
3.7
3.7
3.3
3.9
4.0
4.2
3.9
4.2
3.5

1.4
-2.0
2.3
3.5
4.0
3.3
0.7
5.4
3.0

2.6
4.3
1.7
2.2
2.4
44

24.9
2.8
0.4

3.0
0.5
2.7
2.5
2.9
4.2
3.4
2.9

3.0
4.4

2.2



1.9 Super Energy Efficiency and Conservation Case

Growth Rate (%)

Unit 2005 2010 2015 2020 2025 2030  05-10 10-15 15-20 20-25 25-30 05-30
Economic Indicators
Population Million 85.3 93.0 101.1 108.7 1159 1224 18 17 15 13 11 15
Real GDP in 1985 price Billion PHP 1,210 1,647 2,177 2,772 3,413 4,079 63 57 50 43 36 50
RGDP per capita PHP/person 14,198 17,708 21,536 25,491 29,456 33,332 45 40 34 29 25 35
Energy Prices
Crude oil Peso / litter 17.8 33.9 36.7 395 42.3 45.2 137 16 15 14 13 38
Coal Peso / kg 2.0 3.2 3.6 4.1 45 49 99 24 23 21 18 37
Natural Gas Peso / mmBtu 347 642 696 749 803 856 131 16 15 14 13 37
LPG Peso / litter 19.1 30.8 33.9 37.0 40.0 43.1 100 19 18 16 15 33
Gasoline Peso / litter 30.7 53.1 59.0 65.3 72.3 79.9 116 21 21 20 20 39
Kerosene Peso / litter 29.5 52.8 58.6 64.9 71.8 79.3 123 21 21 20 20 40
Jet Fuel Peso / litter 32.6 59.6 66.5 74.1 82.4 91.6 128 22 22 22 21 42
Diesel Peso / litter 28.8 50.4 55.8 61.7 68.1 75.0 118 21 20 20 20 39
Fuel Oil Peso / litter 18.9 38.2 41.7 453 49.1 53.0 151 18 17 16 15 42
Electricity (Average) Peso / kwh 6.8 12.0 13.0 14.0 15.0 16.1 120 16 15 14 13 35
Energy Indicators
TPE per capita kgoe/person 384 409 465 473 488 489 13 26 04 06 00 10
TPE per GDP toe/mil. PHP 27.0 23.1 21.6 18.6 16.6 14.7 31 -14 30 -23 -24 -24
Electricity per capita kWh/person 530 584 660 728 783 825 20 25 20 15 10 18
Passenger Cars 1,000 units 788 862 1,094 1,346 1,605 1,857 18 49 42 36 30 35
Utility Vehicles 1,000 units 1,792 2434 3238 3944 4470 4,784 63 59 40 25 14 40
Trucks 1,000 units 267 358 437 505 558 595 60 41 29 20 13 33
Buses 1,000 units 31 31 32 34 35 37 02 11 09 08 07 07
Motorcycles/Tricycles 1,000 units 2,158 3,610 5134 6,497 7,479 8,010 108 73 48 29 14 54
CO2 Emission CO,-kton 64,453 77,570 88,920 97,210 107,010 113,090 3.8 2.8 1.8 1.9 11 2.3
Total Primary Energy Supply ktoe 38,498 44,038 53,040 57,678 62,969 66,585 27 38 17 18 11 22
Coal ktoe 5190 7,331 8,566 8,686 10,261 11,403 72 32 03 34 21 32
Natural Gas ktoe 2,504 2503 2,588 3,712 3,731 3,765 00 07 75 01 02 16
Oil ktoe 14,430 15,944 18,274 20,301 21,683 22,356 20 28 21 13 06 18
Geothermal ktoe 8,516 9,327 13,426 13,667 14,812 15,354 18 76 04 16 07 24
Hydro ktoe 2,088 2,661 3543 4425 5307 6,189 50 59 45 37 31 44
Nuclear ktoe 0 0 0 0 0 0
Renewables ktoe 3 304 584 664 713 734 1495 140 26 14 06 244
Commercial Energy ktoe 32,731 38,070 46,981 51,456 56,507 59,801 31 43 18 19 11 24
Non-commercial Energy ktoe 5,766 5967 6,059 6,223 6,463 6,784 07 03 05 08 10 07
Coal % 135 16.6 16.1 15.1 16.3 17.1
Natural Gas % 6.5 5.7 4.9 6.4 5.9 5.7
Oil % 375 36.2 345 35.2 34.4 33.6
Others % 27.6 27.9 33.1 325 33.1 335
Non-commercial Energy % 15.0 13.6 114 10.8 10.3 10.2
Final Demand (excl. Non-Con ktoe 17,402 21,137 25,016 28,382 30,975 32,720 40 34 26 18 11 26
Agriculture ktoe 313 247 274 295 311 319 46 21 16 10 05 01
Industry ktoe 4,084 4415 5156 5855 6,491 7,031 16 32 26 21 16 22
Energy Intensive ktoe 2,653 2,979 3389 3,781 4,133 4,432 23 26 22 18 14 21
Other ktoe 1,430 1,436 1,767 2,075 2,358 2,599 01 42 33 26 20 24
Commercial ktoe 1660 2,122 2,655 3,190 3,693 4,137 50 46 37 30 23 37
Residential ktoe 2,405 2,680 3,280 3,888 4,454 4,930 22 41 35 28 21 29
Transport ktoe 8,940 11,673 13,652 15,153 16,027 16,304 55 32 21 11 03 24
Energy Net Import ktoe 18,112 21,046 24,256 27,007 30,610 32,947 30 29 22 25 15 24
Coal ktoe 3,710 5139 6,019 5948 7,141 7,981 67 32 -02 37 23 31
Natural Gas ktoe 0 0 0 794 1823 2,646 181 7.7
Oil ktoe 14,402 15,907 18,238 20,265 21,646 22,320 20 28 21 13 06 18
Energy Import Ratio % 55.3 55.3 51.6 52.5 54.2 55.1
Coal % 715 70.1 70.3 68.5 69.6 70.0
Natural Gas % 0.0 0.0 0.0 21.4 48.9 70.3
QOil % 99.8 99.8 99.8 99.8 99.8 99.8
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1.10 E20 and CNG Case

Growth Rate (%)

Unit 2005 2010 2015 2020 2025 2030  05-10 10-15 15-20 20-25 25-30 05-30
Economic Indicators
Population Million 85.3 93.0 1011 1087 1159 1224 18 17 15 13 11 15
Real GDP in 1985 price BillionPHP 1,210 1,647 2,177 2,772 3,413 4,079 63 57 50 43 36 50
RGDP per capita PHP/person 14,198 17,708 21,536 25,491 29,456 33,332 45 40 34 29 25 35
Energy Prices
Crude oil Peso / litter 17.8 33.9 36.7 39.5 42.3 45.2 137 16 15 14 13 38
Coal Peso / kg 2.0 3.2 3.6 4.1 45 4.9 99 24 23 21 18 37
Natural Gas Peso / mmBtu 347 642 696 749 803 856 131 16 15 14 13 37
LPG Peso / litter 19.1 30.8 33.9 37.0 40.0 43.1 100 19 18 16 15 33
Gasoline Peso / litter 30.7 53.1 59.0 65.3 72.3 79.9 116 21 21 20 20 39
Kerosene Peso / litter 29.5 52.8 58.6 64.9 71.8 79.3 123 21 21 20 20 40
Jet Fuel Peso / litter 32.6 59.6 66.5 74.1 82.4 91.6 128 22 22 22 21 42
Diesel Peso / litter 28.8 50.4 55.8 61.7 68.1 75.0 118 21 20 20 20 39
Fuel Oil Peso / litter 18.9 38.2 41.7 45.3 49.1 53.0 151 18 17 16 15 42
Electricity (Average) Peso / kWh 6.8 12.0 13.0 14.0 15.0 16.1 120 16 15 14 13 35
Energy Indicators
TPE per capita kgoe/person 384 418 491 529 567 595 17 33 15 14 09 18
TPE per GDP toe/mil. PHP 27.0 23.6 22.8 20.8 19.3 17.8 -27 -07 -18 -15 -15 -16
Electricity per capita kWh/person 530 602 716 830 939 1,040 26 35 30 25 21 27
Passenger Cars 1,000 units 788 862 1,094 1,346 1605 1,857 18 49 42 36 30 35
Utility Vehicles 1,000 units 1,792 2,434 3,238 3,944 4470 4,784 63 59 40 25 14 40
Trucks 1,000 units 267 358 437 505 558 595 60 41 29 20 13 33
Buses 1,000 units 31 31 32 34 35 37 02 11 09 08 07 07
Motorcycles/Tricycles 1,000 units 2,158 3,610 5134 6,497 7,479 8,010 108 73 48 29 14 54
CO2 Emission CO,-kton 64,453 79,460 93,350 114,490 131,970 149,420 43 33 42 29 25 34
Total Primary Energy Supply ktoe 38,498 44,771 55455 63,367 71,499 78,546 31 44 27 24 19 29
Coal ktoe 5190 7,373 8,696 12,021 14,579 17,968 73 34 67 39 43 51
Natural Gas ktoe 2504 2,797 3,600 3,716 4,448 4,509 22 52 06 37 03 24
Qil ktoe 14,430 16,343 18,951 21,824 24,032 25,614 25 30 29 19 13 23
Geothermal ktoe 8,516 9,327 13,426 13,667 14,812 15,354 18 76 04 16 07 24
Hydro ktoe 2,088 2,661 3,543 4,425 5307 6,189 50 59 45 37 31 44
Nuclear ktoe 0 0 0 0 0 0
Renewables ktoe 3 370 1,398 1919 2549 3,126 1595 305 6.5 58 42 318
Commercial Energy ktoe 32,731 38,871 49,614 57,572 65,727 72,761 35 50 30 27 21 32
Non-commercial Energy ktoe 5,766 5901 5841 5796 5771 5785 05 -02 -02 -01 00 00
Coal % 135 16.5 15.7 19.0 20.4 229
Natural Gas % 6.5 6.2 6.5 5.9 6.2 5.7
Qil % 375 36.5 34.2 344 33.6 32.6
Others % 27.6 27.6 33.1 31.6 31.7 31.4
Non-commercial Energy % 15.0 13.2 10.5 9.1 8.1 7.4
Final Demand (excl. Non-Con ktoe 17,402 21,787 27,120 32,363 37,149 41,273 46 45 36 28 21 35
Agriculture ktoe 313 254 297 337 373 402 40 31 26 20 16 1.0
Industry ktoe 4,084 4551 5590 6,677 7,785 8,870 22 42 36 31 26 32
Energy Intensive ktoe 2,653 3,071 3674 4311 4957 5591 30 37 32 28 24 30
Other ktoe 1,430 1,480 1,916 2,366 2,828 3,279 07 53 43 36 30 34
Commercial ktoe 1660 2,187 2,878 3,638 4,429 5218 57 56 48 40 33 47
Residential ktoe 2,405 2,763 3,556 4,434 5342 6,219 28 52 45 38 31 39
Transport ktoe 8,940 12,032 14,800 17,277 19,220 20,563 61 42 31 22 14 34
Energy Net Import ktoe 18,112 21,445 24,933 31,184 37,0563 42,115 34 31 46 35 26 34
Coal ktoe 3,710 5139 6,019 8,599 10,515 13,143 67 32 74 41 46 52
Natural Gas ktoe 0 0 0 798 2,544 3,394 26.1 59
Qil ktoe 14,402 16,306 18,915 21,787 23,995 25,578 25 30 29 19 13 23
Energy Import Ratio % 55.3 55.2 50.3 54.2 56.4 57.9
Coal % 715 69.7 69.2 715 72.1 73.1
Natural Gas % 0.0 0.0 0.0 215 57.2 75.3
Qil % 99.8 99.8 99.8 99.8 99.8 99.9
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1.11 E85 and CNG Case

Growth Rate (%)

Unit 2005 2010 2015 2020 2025 2030  05-10 10-15 15-20 20-25 25-30 05-30
Economic Indicators
Population Million 85.3 93.0 101.1 108.7 1159 1224 18 17 15 13 11 15
Real GDP in 1985 price Billion PHP 1,210 1,647 2,177 2,772 3,413 4,079 63 57 50 43 36 50
RGDP per capita PHP/person 14,198 17,708 21,536 25,491 29,456 33,332 45 40 34 29 25 35
Energy Prices
Crude oil Peso / litter 17.8 33.9 36.7 395 42.3 45.2 137 16 15 14 13 38
Coal Peso / kg 2.0 3.2 3.6 4.1 45 49 99 24 23 21 18 37
Natural Gas Peso / mmBtu 347 642 696 749 803 856 131 16 15 14 13 37
LPG Peso / litter 19.1 30.8 33.9 37.0 40.0 43.1 100 19 18 16 15 33
Gasoline Peso / litter 30.7 53.1 59.0 65.3 72.3 79.9 116 21 21 20 20 39
Kerosene Peso / litter 29.5 52.8 58.6 64.9 71.8 79.3 123 21 21 20 20 40
Jet Fuel Peso / litter 32.6 59.6 66.5 74.1 82.4 91.6 128 22 22 22 21 42
Diesel Peso / litter 28.8 50.4 55.8 61.7 68.1 75.0 118 21 20 20 20 39
Fuel Oil Peso / litter 18.9 38.2 41.7 453 49.1 53.0 151 18 17 16 15 42
Electricity (Average) Peso / kwh 6.8 12.0 13.0 14.0 15.0 16.1 120 16 15 14 13 35
Energy Indicators
TPE per capita kgoe/person 384 418 491 529 567 595 17 33 15 14 09 18
TPE per GDP toe/mil. PHP 27.0 23.6 22.8 20.8 19.3 17.8 -27 -07 -18 -15 -15 -16
Electricity per capita kWh/person 530 602 716 830 939 1,040 26 35 30 25 21 27
Passenger Cars 1,000 units 788 862 1,094 1,346 1,605 1,857 18 49 42 36 30 35
Utility Vehicles 1,000 units 1,792 2434 3238 3944 4470 4,784 63 59 40 25 14 40
Trucks 1,000 units 267 358 437 505 558 595 60 41 29 20 13 33
Buses 1,000 units 31 31 32 34 35 37 02 11 09 08 07 07
Motorcycles/Tricycles 1,000 units 2,158 3,610 5134 6,497 7,479 8,010 108 73 48 29 14 54
CO2 Emission CO,-kton 64,453 79,460 93,350 114,490 126,420 137,680 43 33 42 2.0 1.7 3.1
Total Primary Energy Supply ktoe 38,498 44,771 55,455 63,367 71,502 78,553 31 44 27 24 19 29
Coal ktoe 5190 7,373 8,696 12,021 14,579 17,968 73 34 67 39 43 51
Natural Gas ktoe 2,504 2,797 3,600 3,716 4,448 4,509 22 52 06 37 03 24
Oil ktoe 14,430 16,343 18,951 21,824 22,120 21,569 25 30 29 03 -05 16
Geothermal ktoe 8,516 9,327 13,426 13,667 14,812 15354 18 76 04 16 07 24
Hydro ktoe 2,088 2,661 3543 4425 5307 6,189 50 59 45 37 31 44
Nuclear ktoe 0 0 0 0 0 0
Renewables ktoe 3 370 1,398 1919 4461 7,171 1595 305 65 184 100 36.3
Commercial Energy ktoe 32,731 38,871 49,614 57,572 65,728 72,762 35 50 30 27 21 32
Non-commercial Energy ktoe 5,766 5901 5841 5796 5775 5792 05 -02 -02 -01 01 00
Coal % 135 16.5 15.7 19.0 204 229
Natural Gas % 6.5 6.2 6.5 5.9 6.2 5.7
Oil % 375 36.5 34.2 34.4 30.9 275
Others % 27.6 27.6 33.1 31.6 34.4 36.6
Non-commercial Energy % 15.0 13.2 10.5 9.1 8.1 7.4
Final Demand (excl. Non-Con ktoe 17,402 21,787 27,120 32,363 37,149 41,273 46 45 36 28 21 35
Agriculture ktoe 313 254 297 337 373 402 40 31 26 20 16 10
Industry ktoe 4,084 4551 5590 6,677 7,785 8,871 22 42 36 31 26 32
Energy Intensive ktoe 2,653 3,071 3,674 4311 4,957 5592 30 37 32 28 24 30
Other ktoe 1,430 1,480 1,916 2,366 2,828 3,279 07 53 43 36 30 34
Commercial ktoe 1,660 2,187 2,878 3,638 4,429 5218 57 56 48 40 33 47
Residential ktoe 2,405 2,763 3,556 4,434 5342 6,219 28 52 45 38 31 39
Transport ktoe 8,940 12,032 14,800 17,277 19,220 20,563 61 42 31 22 14 34
Energy Net Import ktoe 18,112 21,445 24,933 31,184 35,142 38,070 34 31 46 24 16 30
Coal ktoe 3,710 5139 6,019 8599 10,515 13,143 67 32 74 41 46 52
Natural Gas ktoe 0 0 0 798 2544 3,394 261 59
Oil ktoe 14,402 16,306 18,915 21,787 22,083 21,533 25 30 29 03 -05 16
Energy Import Ratio % 55.3 55.2 50.3 54.2 53.5 52.3
Coal % 715 69.7 69.2 715 72.1 73.1
Natural Gas % 0.0 0.0 0.0 215 57.2 75.3
QOil % 99.8 99.8 99.8 99.8 99.8 99.8
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1.12 Vehicle Plus Case

Economic Indicators

Population

Real GDP in 1985 price

RGDP per capita
Energy Prices

Crude oil

Coal

Natural Gas

LPG

Gasoline

Kerosene

Jet Fuel

Diesel

Fuel Oil

Electricity (Average)

Energy Indicators
TPE per capita
TPE per GDP
Electricity per capita
Passenger Cars
Utility Vehicles
Trucks
Buses
Motorcycles/Tricycles
CO2 Emission

Total Primary Energy Supply

Coal

Natural Gas

Qil

Geothermal

Hydro

Nuclear

Renewables
Commercial Energy
Non-commercial Energy

Coal

Natural Gas

Qil

Others

Non-commercial Energy
Final Demand (excl. Non-Con

Agriculture

Industry

Energy Intensive
Other

Commercial

Residential

Transport

Energy Net Import
Coal
Natural Gas
Qil

Energy Import Ratio
Coal
Natural Gas
Qil

Unit

Million
Billion PHP
PHP/person

Peso / litter
Peso / kg

Peso / mmBtu

Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / kwWh

kgoe/person

toe/mil. PHP
kWh/person
1,000 units
1,000 units
1,000 units
1,000 units
1,000 units
CO,-kton

ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
%
%
%
%
%
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe

ktoe
ktoe
ktoe
ktoe
%
%
%
%

2005

85.3
1,210
14,198

17.8
2.0
347
19.1
30.7
29.5
32.6
28.8
18.9
6.8

384
27.0
530
788
1,792
267
31
2,158
64,453

38,498
5,190
2,504
14,430
8,516
2,088
0
3
32,731
5,766
135
6.5
375
27.6
15.0

17,402

313
4,084
2,653
1,430
1,660
2,405
8,940

18,112
3,710
0
14,402
55.3
71.5
0.0
99.8

2010

93.0
1,647
17,708

33.9
3.2
642
30.8
53.1
52.8
59.6
50.4
38.2
12.0

421
23.7
602
862
2,496
368
31
3,800
80,340

45,011

7,373
2,797
16,632
9,327
2,661
0
320
39,110
5,901
16.4
6.2
37.0
27.3
13.1

22,026

254
4,551
3,071
1,480
2,187
2,763
12,272

21,734
5,139
0
16,595
55.6
69.7
0.0
99.8

2015

101.1
2,177
21,536

36.7
3.6
696
33.9
59.0
58.6
66.5
55.8
41.7
13.0

497
231
716
1,094
3,411
462
32
5,699
97,430

56,076

8,696
3,600
20,309
13,426
3,543
0
662
50,236
5,840
155
6.4
36.2
314
10.4

27,742

297
5,590
3,674
1,916
2,878
3,556
15,422

26,291
6,019
0
20,272
52.3
69.2
0.0
99.8

2020
108.7
2,772

25,491

39.5
41
749
37.0
65.3
64.9
74.1
61.7
45.3
14.0

539
21.2
830
1,346
4,255
548

34
7,555
121,060

64,425
12,021
3,716
23,997
13,667
4,425
0

803
58,630
5,795
18.7
5.8
37.2
29.3
9.0
33,421
337
6,677
4311
2,366
3,638
4,434
18,335

33,358
8,599
798
23,961
56.9
71.5
21.5
99.8
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2025
115.9
3,413

29,456

42.3

45

803
40.0
72.3
71.8
82.4
68.1
49.1
15.0

580
19.7
939
1,605
4,923
619

35
9,049
141,390

72,969
14,579
4,449
27,137
14,812
5,307
0

915
67,199
5,770
20.0
6.1
37.2
28.8
7.9
38,621
373
7,785
4,957
2,828
4,429
5,342
20,692

40,159
10,515
2,545
27,100
59.8
72.1
57.2
99.9

2030
122.4
4,079

33,332

45.2

4.9

856
43.1
79.9
79.3
91.6
75.0
53.0
16.1

609
18.3
1,040
1,857
5,362
671

37
10,015
161,390

80,347
17,968
4,511
29,550
15,354
6,189
0

992
74,564
5,784
224
5.6
36.8
28.0
7.2
43,076
402
8,870
5,591
3,279
5,218
6,219
22,367

46,052
13,143
3,396
29,513
61.8
73.1
75.3
99.9

Growth Rate (%)

05-10 10-15 15-20 20-25 25-30 05-30

1.8
6.3
4.5

13.7

9.9
13.1
10.0
11.6
12.3
12.8
11.8
15.1
12.0

1.8
-2.6
2.6
1.8
6.9
6.6
-0.2
12.0
4.5

3.2
7.3
2.2
2.9
1.8
5.0

152.1
3.6
0.5

4.8
-4.0
2.2
3.0
0.7
5.7
2.8
6.5

3.7
6.7

2.9

17
5.7
4.0

1.6
24
1.6
1.9
2.1
2.1
2.2
2.1
1.8
1.6

3.4
-0.6
3.5
4.9
6.4
4.7
11
8.4
3.9

4.5
3.4
5.2
4.1
7.6
5.9

15.7
5.1
-0.2

4.7
3.1
4.2
3.7
53
5.6
5.2
4.7

3.9
3.2

4.1

15 13

50 43

34 29

15 14

23 21

15 14

18 16

21 20

21 20

22 22

20 20

1.7 16

15 14

16 15

-1.7  -14
30 25

42 36

45 3.0

35 25

09 08

58 37

44 32

28 25
6.7 3.9

06 37

34 25

04 16

45 37

39 26

31 28

-02 -0.1
38 29
26 20

36 31

32 28

43 36

48 40

45 38

35 24

49 38
74 41

26.1

34 25

11
3.6
25

13
1.8
13
15
2.0
2.0
2.1
2.0
15
13

1.0
-1.5
2.1
3.0
17
1.6
0.7
2.0
2.7

1.9
43
0.3
17
0.7
3.1

1.6
2.1
0.0

2.2
1.6
2.6
2.4
3.0
3.3
3.1
1.6
2.8
4.6
5.9
17

15
5.0
35

3.8
3.7
3.7
3.3
3.9
4.0
4.2
3.9
4.2
3.5

1.9
-1.6
2.7
3.5
4.5
3.8
0.7
6.3
3.7

3.0
5.1
2.4
2.9
2.4
44

25.9
3.3
0.0

3.7
1.0
3.2
3.0
3.4
4.7
3.9
3.7

3.8
5.2

2.9



1.13 Nuclear and LNG Free Case

Economic Indicators

Population

Real GDP in 1985 price

RGDP per capita
Energy Prices

Crude oil

Coal

Natural Gas

LPG

Gasoline

Kerosene

Jet Fuel

Diesel

Fuel QOil

Electricity (Average)

Energy Indicators
TPE per capita
TPE per GDP
Electricity per capita
Passenger Cars
Utility Vehicles
Trucks
Buses
Motorcycles/Tricycles
CO2 Emission

Total Primary Energy Supply

Coal

Natural Gas

Oil

Geothermal

Hydro

Nuclear

Renewables
Commercial Energy
Non-commercial Energy

Coal

Natural Gas

Oil

Others

Non-commercial Energy
Final Demand (excl. Non-Con

Agriculture

Industry

Energy Intensive
Other

Commercial

Residential

Transport

Energy Net Import
Coal
Natural Gas
Oil

Energy Import Ratio
Coal
Natural Gas
Oil

Unit

Million

Billion PHP
PHP/person

Peso / litter
Peso / kg

Peso / mmBtu

Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / kwh

kgoe/person

toe/mil. PHP
kWh/person
1,000 units
1,000 units
1,000 units
1,000 units
1,000 units
CO,-kton

ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
%
%
%
%
%
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe

ktoe

ktoe
ktoe

2005
85.3
1,210
14,198

17.8
2.0
347
19.1
30.7
29.5
32.6
28.8
18.9
6.8

384
27.0
530
788
1,792
267
31
2,158
64,453

38,498
5,190
2,504
14,430
8,516
2,088
0
3
32,731
5,766
135
6.5
375
27.6
15.0

17,402

313
4,084
2,653
1,430
1,660
2,405
8,940

18,112
3,710
0
14,402
55.3
715
0.0
99.8

2010
93.0
1,647
17,708

33.9
3.2
642
30.8
53.1
52.8
59.6
50.4
38.2
12.0

418
23.6
602
862
2,434
358
31
3,610
79,640

44,771
7,373
2,797
16,400
9,327
2,661
0
312
38,871
5,901
16.5
6.2
36.6
27.5
13.2

21,787

254
4,551
3,071
1,480
2,187
2,763
12,032

21,502
5,139
0
16,363
55.3
69.7
0.0
99.8

2015
101.1
2,177

21,536

36.7
3.6
696
33.9
59.0
58.6
66.5
55.8
41.7
13.0

491
22.8
716
1,094
3,238
437
32
5,134
95,640

55,455
8,696
3,600
19,718
13,426
3,543
0
630
49,614
5,840
15.7
6.5
35.6
31.7
10.5

27,120

297
5,590
3,674
1,916
2,878
3,556
14,800

25,700
6,019
0
19,682
51.8
69.2
0.0
99.8

2020

108.7
2,772
25,491

39.5
4.1
749
37.0
65.3
64.9
74.1
61.7
45.3
14.0

529
20.8
830
1,346
3,944
505

34
6,497
118,020

63,366
12,021
3,716
22,993
13,667
4,425
0

749
57,571
5,795
19.0
59
36.3
29.7
9.1
32,363
337
6,677
4311
2,366
3,638
4,434
17,277

32,353
8,599
798
22,957
56.2
715
21.5
99.8
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2025

115.9
3,413
29,456

42.3
45
803
40.0
72.3
71.8
82.4
68.1
49.1
15.0

572
19.4
939
1,605
4,470
558

35
7,479
133,270

72,074
14,038
3,740
25,741
14,812
5,307
1,826
839
66,304
5,770
195
5.2
35.7
31.6
8.0
37,148
373
7,785
4,957
2,828
4,429
5,342
19,220

37,587
10,050
1,832
25,705
56.7
71.6
49.0
99.9

2030

122.4
4,079
33,332

45.2
4.9
856
43.1
79.9
79.3
91.6
75.0
53.0
16.1

599
18.0
1,040
1,857
4,784
595

37
8,010
152,290

79,110
17,431
3,786
27,841
15,354
6,189
1,826
899
73,327
5,784
22.0
4.8
35.2
30.7
7.3
41,273
402
8,870
5,591
3,279
5,218
6,219
20,563

43,153
12,682
2,667
27,804
58.9
72.8
70.4
99.9

05-10

Growth Rate (%)

10-15 15-20 20-25 25-30 05-30

1.8
6.3
4.5

13.7

9.9
13.1
10.0
11.6
12.3
12.8
11.8
15.1
12.0

17
-2.7
2.6
1.8
6.3
6.0
-0.2
10.8
4.3

3.1
7.3
2.2
2.6
1.8
5.0

150.9
3.5
0.5

4.6
-4.0
2.2
3.0
0.7
57
2.8
6.1

3.5
6.7

2.6

17
5.7
4.0

1.6
2.4
1.6
1.9
2.1
2.1
2.2
2.1
1.8
1.6

3.3
-0.7
3.5
49
5.9
4.1
11
7.3
3.7

4.4
34
52
3.8
7.6
5.9

15.1
5.0
-0.2

4.5
3.1
4.2
3.7
53
5.6
5.2
4.2

3.6
3.2

3.8

15
5.0
3.4

15
2.3
15
1.8
2.1
2.1
2.2
2.0
1.7
15

15
-1.8
3.0
4.2
4.0
2.9
0.9
4.8
4.3

2.7
6.7
0.6
3.1
0.4
4.5

35
3.0

-0.2

3.6
2.6
3.6
3.2
4.3
4.8
45
3.1

4.7
7.4

3.1

1.3
4.3
2.9

1.4
2.1
1.4
1.6
2.0
2.0
2.2
2.0
1.6
1.4

1.6
-1.3
2.5
3.6
2.5
2.0
0.8
2.9
2.5

2.6
3.2
0.1
2.3
1.6
3.7

2.3
2.9
-0.1

2.8
2.0
3.1
2.8
3.6
4.0
3.8
2.2
3.0
3.2
18.1
2.3

11
3.6
2.5

13
1.8
13
15
2.0
2.0
21
2.0
1.5
1.3

0.9
-1.5
2.1
3.0
1.4
13
0.7
1.4
2.7

1.9
4.4
0.2
1.6
0.7
31
0.0
1.4
2.0
0.0

2.1
1.6
2.6
2.4
3.0
3.3
3.1
1.4
2.8
4.8
7.8
1.6

1.5
5.0
35

3.8
3.7
3.7
3.3
3.9
4.0
42
3.9
4.2
3.5

1.8
-1.6
2.7
3.5
4.0
3.3
0.7
5.4
35

2.9
5.0
1.7
2.7
2.4
4.4

25.4
3.3
0.0

3.5
1.0
3.2
3.0
3.4
4.7
3.9
3.4

3.5
5.0

2.7



1.14 Nuclear and LNG Fix Case

Economic Indicators

Population

Real GDP in 1985 price

RGDP per capita
Energy Prices

Crude oil

Coal

Natural Gas

LPG

Gasoline

Kerosene

Jet Fuel

Diesel

Fuel Oil

Electricity (Average)

Energy Indicators
TPE per capita
TPE per GDP
Electricity per capita
Passenger Cars
Utility Vehicles
Trucks
Buses
Motorcycles/Tricycles
CO2 Emission

Total Primary Energy Supply

Coal

Natural Gas

Qil

Geothermal

Hydro

Nuclear

Renewables
Commercial Energy
Non-commercial Energy

Coal

Natural Gas

Qil

Others

Non-commercial Energy
Final Demand (excl. Non-Con

Agriculture

Industry

Energy Intensive
Other

Commercial

Residential

Transport

Energy Net Import
Coal
Natural Gas
Qil

Energy Import Ratio
Coal
Natural Gas
Qil

Unit

Million

Billion PHP
PHP/person

Peso / litter
Peso / kg

Peso / mmBtu

Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / kwWh

kgoe/person

toe/mil. PHP
kWh/person
1,000 units
1,000 units
1,000 units
1,000 units
1,000 units
CO,-kton

ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
%
%
%
%
%
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe

ktoe
ktoe
ktoe
ktoe
%
%
%
%

2005

85.3
1,210
14,198

17.8
2.0
347
19.1
30.7
29.5
32.6
28.8
18.9
6.8

384
27.0
530
788
1,792
267
31
2,158
64,453

38,498
5,190
2,504
14,430
8,516
2,088
0
3
32,731
5,766
135
6.5
375
27.6
15.0

17,402

313
4,084
2,653
1,430
1,660
2,405
8,940

18,112
3,710
0
14,402
55.3
71.5
0.0
99.8

2010

93.0
1,647
17,708

33.9
3.2
642
30.8
53.1
52.8
59.6
50.4
38.2
12.0

418
23.6
602
862
2,434
358
31
3,610
79,640

44,771
7,373
2,797

16,400
9,327
2,661

0
312

38,871

5,901
16.5
6.2
36.6
275
13.2
21,787
254
4,551
3,071
1,480
2,187
2,763
12,032

21,502
5,139
0
16,363
55.3
69.7
0.0
99.8

2015

101.1
2,177
21,536

36.7
3.6
696
33.9
59.0
58.6
66.5
55.8
41.7
13.0

491
22.8
716
1,094
3,238
437
32
5,134
95,640

55,455

8,696
3,600
19,718
13,426
3,543
0
630
49,614
5,840
15.7
6.5
35.6
31.7
10.5

27,120

297
5,590
3,674
1,916
2,878
3,556
14,800

25,700
6,019
0
19,682
51.8
69.2
0.0
99.8

2020
108.7
2,772

25,491

39.5
41
749
37.0
65.3
64.9
74.1
61.7
45.3
14.0

529
20.7
830
1,346
3,944
505

34
6,497
117,520

63,279
11,857
3,793
22,993
13,667
4,425
0

749
57,485
5,795
18.7
6.0
36.3
29.8
9.2
32,363
337
6,677
4311
2,366
3,638
4,434
17,277

32,290
8,458
875
22,957
56.2
71.3
23.1
99.8

Al-14

2025
115.9
3,413

29,456

42.3

45

803
40.0
72.3
71.8
82.4
68.1
49.1
15.0

569
19.3
939
1,605
4,470
558

35
7,479
130,420

71,721
12,896
4,529
25,741
14,812
5,307
1,826
839
65,951
5,770
18.0
6.3
35.9
31.8
8.0
37,148
373
7,785
4,957
2,828
4,429
5,342
19,220

37,400
9,070
2,625

25,705

56.7
70.3
58.0
99.9

2030
122.4
4,079

33,332

45.2

4.9

856
43.1
79.9
79.3
91.6
75.0
53.0
16.1

597
17.9
1,040
1,857
4,784
595

37
8,010
149,500

78,787
16,278
4,615
27,841
15,354
6,189
1,826
899
73,003
5,784
20.7
5.9
353
30.8
7.3
41,273
402
8,870
5,591
3,279
5,218
6,219
20,563

42,997
11,693
3,500
27,804
58.9
71.8
75.8
99.9

Growth Rate (%)

05-10 10-15 15-20 20-25 25-30 05-30

1.8
6.3
4.5

13.7

9.9
13.1
10.0
11.6
12.3
12.8
11.8
15.1
12.0

1.7
-2.7
2.6
1.8
6.3
6.0
-0.2
10.8
4.3

3.1
7.3
2.2
2.6
1.8
5.0

150.9
3.5
0.5

4.6
-4.0
2.2
3.0
0.7
5.7
2.8
6.1

3.5
6.7

2.6

17
5.7
4.0

1.6
24
1.6
1.9
2.1
2.1
2.2
2.1
1.8
1.6

3.3
-0.7
3.5
4.9
5.9
4.1
11
7.3
3.7

4.4
3.4
5.2
3.8
7.6
5.9

15.1
5.0
-0.2

4.5
3.1
4.2
3.7
53
5.6
5.2
4.2

3.6
3.2

3.8

15
5.0
3.4

15
2.3
15
1.8
2.1
2.1
2.2
2.0
1.7
15

15
-1.9
3.0
4.2
4.0
2.9
0.9
4.8
4.2

2.7
6.4
1.0
3.1
0.4
4.5

3.5
3.0
-0.2

3.6
2.6
3.6
3.2
4.3
4.8
4.5
3.1

4.7
7.0

3.1

13
43
2.9

1.4
2.1
1.4
1.6
2.0
2.0
2.2
2.0
1.6
1.4

15
-1.4
2.5
3.6
2.5
2.0
0.8
2.9
2.1

2.5
1.7
3.6
2.3
1.6
3.7

2.3
2.8
-0.1

2.8
2.0
3.1
2.8
3.6
4.0
3.8
2.2
3.0
1.4
24.6
2.3

11
3.6
25

13
1.8
13
15
2.0
2.0
2.1
2.0
15
13

0.9
-1.5
2.1
3.0
1.4
13
0.7
1.4
2.8

1.9
4.8
0.4
1.6
0.7
3.1
0.0
1.4
2.1
0.0

2.1
1.6
2.6
2.4
3.0
3.3
3.1
1.4
2.8
5.2
5.9
1.6

15
5.0
35

3.8
3.7
3.7
3.3
3.9
4.0
4.2
3.9
4.2
3.5

1.8
-1.6
2.7
3.5
4.0
3.3
0.7
5.4
3.4

29
4.7
2.5
2.7
2.4
44

25.4
3.3
0.0

35
1.0
3.2
3.0
3.4
4.7
3.9
34

3.5
4.7

2.7



1.15 Double Refinery Capacity Case

Economic Indicators

Population

Real GDP in 1985 price

RGDP per capita
Energy Prices

Crude oil

Coal

Natural Gas

LPG

Gasoline

Kerosene

Jet Fuel

Diesel

Fuel QOil

Electricity (Average)

Energy Indicators
TPE per capita
TPE per GDP
Electricity per capita
Passenger Cars
Utility Vehicles
Trucks
Buses
Motorcycles/Tricycles
CO2 Emission

Total Primary Energy Supply

Coal

Natural Gas

Oil

Geothermal

Hydro

Nuclear

Renewables
Commercial Energy
Non-commercial Energy

Coal

Natural Gas

Oil

Others

Non-commercial Energy
Final Demand (excl. Non-Con

Agriculture

Industry

Energy Intensive
Other

Commercial

Residential

Transport

Energy Net Import
Coal
Natural Gas
Oil

Energy Import Ratio
Coal
Natural Gas
Oil

Unit

Million

Billion PHP
PHP/person

Peso / litter
Peso / kg

Peso / mmBtu

Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / kwh

kgoe/person

toe/mil. PHP
kWh/person
1,000 units
1,000 units
1,000 units
1,000 units
1,000 units
CO,-kton

ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
%
%
%
%
%
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe

ktoe

ktoe
ktoe

2005
85.3
1,210
14,198

17.8

2.0
347
19.1
30.7
29.5
32.6
28.8
18.9

6.8

384
27.0
530
788
1,792
267
31
2,158
64,453

38,498
5,190
2,504
14,430
8,516
2,088
0
3
32,731
5,766
135
6.5
375
27.6
15.0

17,402

313
4,084
2,653
1,430
1,660
2,405
8,940

18,112
3,710
0
14,402
55.3
715
0.0
99.8

2010
93.0
1,647
17,708

33.9
3.2
642
30.8
53.1
52.8
59.6
50.4
38.2
12.0

418
23.6
602
862
2,434
358
31
3,610
79,640

44,771
7,373
2,797
16,400
9,327
2,661
0
312
38,871
5,901
16.5
6.2
36.6
275
13.2

21,787

254
4,551
3,071
1,480
2,187
2,763
12,032

21,502
5,139
0
16,363
55.3
69.7
0.0
99.8

2015
101.1
2,177

21,536

36.7
3.6
696
33.9
59.0
58.6
66.5
55.8
41.7
13.0

491
22.8
716
1,094
3,238
437
32
5,134
95,640

55,455
8,696
3,600
19,718
13,426
3,543
0
630
49,614
5,840
15.7
6.5
35.6
31.7
10.5

27,120

297
5,590
3,674
1,916
2,878
3,556
14,800

25,700
6,019
0
19,682
51.8
69.2
0.0
99.8

2020

108.7
2,772
25,491

39.5
4.1
749
37.0
65.3
64.9
74.1
61.7
45.3
14.0

533
20.9
830
1,346
3,944
505

34
6,497
118,020

63,712
12,021
3,716
23,340
13,667
4,425
0

749
57,918
5,795
18.9
5.8
36.6
29.6
9.1
32,363
337
6,677
4311
2,366
3,638
4,434
17,277

32,700
8,599
798
23,303
56.5
715
21.5
99.8

Al-15

2025

115.9
3,413
29,456

42.3
45
803
40.0
72.3
71.8
82.4
68.1
49.1
15.0

570
19.4
939
1,605
4,470
558

35
7,479
137,160

71,879
14,579
4,448
26,123
14,812
5,307
0

839
66,109
5,770
20.3
6.2
36.3
29.2
8.0
37,148
373
7,785
4,957
2,828
4,429
5,342
19,220

39,144
10,515
2,544
26,086
59.2
72.1
57.2
99.9

2030

122.4
4,079
33,332

45.2
4.9
856
43.1
79.9
79.3
91.6
75.0
53.0
16.1

598
17.9
1,040
1,857
4,784
595

37
8,010
156,210

78,926
17,968
4,509
28,222
15,354
6,189
0

899
73,142
5,784
22.8
5.7
35.8
28.4
7.3
41,273
402
8,870
5,591
3,279
5,218
6,219
20,563

44,722
13,143
3,394
28,185
61.1
73.1
75.3
99.9

05-10

Growth Rate (%)

10-15 15-20 20-25 25-30 05-30

1.8
6.3
4.5

13.7

9.9
13.1
10.0
11.6
12.3
12.8
11.8
15.1
12.0

17
-2.7
2.6
1.8
6.3
6.0
-0.2
10.8
4.3

3.1
7.3
2.2
2.6
1.8
5.0

150.9
3.5
0.5

4.6
-4.0
2.2
3.0
0.7
57
2.8
6.1

3.5
6.7

2.6

17
5.7
4.0

1.6
2.4
1.6
1.9
2.1
2.1
2.2
2.1
1.8
1.6

3.3
-0.7
3.5
49
5.9
4.1
11
7.3
3.7

4.4
34
52
3.8
7.6
5.9

15.1
5.0
-0.2

4.5
3.1
4.2
3.7
53
5.6
5.2
4.2

3.6
3.2

3.8

15
5.0
3.4

15
2.3
15
1.8
2.1
2.1
2.2
2.0
1.7
15

1.6
-1.7
3.0
4.2
4.0
2.9
0.9
4.8
4.3

2.8
6.7
0.6
3.4
0.4
4.5

3.5
3.1

-0.2

3.6
2.6
3.6
3.2
4.3
4.8
45
3.1

4.9
7.4

3.4

1.3
4.3
2.9

1.4
2.1
1.4
1.6
2.0
2.0
2.2
2.0
1.6
1.4

1.4
-1.5
2.5
3.6
2.5
2.0
0.8
2.9
3.1

24
3.9
3.7
2.3
1.6
3.7

2.3
2.7
-0.1

2.8
2.0
3.1
2.8
3.6
4.0
3.8
2.2
3.7
4.1
26.1
2.3

11
3.6
2.5

13
1.8
13
15
2.0
2.0
21
2.0
1.5
1.3

0.9
-1.5
2.1
3.0
1.4
13
0.7
1.4
2.6

1.9
4.3
0.3
1.6
0.7
31

1.4
2.0
0.0

2.1
1.6
2.6
2.4
3.0
3.3
3.1
1.4
2.7
4.6
5.9
1.6

1.5
5.0
35

3.8
3.7
3.7
3.3
3.9
4.0
42
3.9
4.2
3.5

1.8
-1.6
2.7
3.5
4.0
3.3
0.7
5.4
3.6

2.9
5.1
2.4
2.7
2.4
4.4

25.4
3.3
0.0

3.5
1.0
3.2
3.0
3.4
4.7
3.9
3.4

3.7
5.2

2.7



1.16 Double Renewable Energy Capacity Case

Growth Rate (%)

Unit 2005 2010 2015 2020 2025 2030  05-10 10-15 15-20 20-25 25-30 05-30
Economic Indicators
Population Million 85.3 93.0 101.1 108.7 1159 1224 18 17 15 13 11 15
Real GDP in 1985 price BillionPHP 1,210 1,647 2,177 2,772 3,413 4,079 63 57 50 43 36 50
RGDP per capita PHP/person 14,198 17,708 21,536 25,491 29,456 33,332 45 40 34 29 25 35
Energy Prices
Crude oil Peso / litter 17.8 33.9 36.7 395 423 45.2 137 16 15 14 13 38
Coal Peso / kg 2.0 3.2 3.6 4.1 45 4.9 99 24 23 21 18 37
Natural Gas Peso / mmBtu 347 642 696 749 803 856 131 16 15 14 13 37
LPG Peso / litter 19.1 30.8 33.9 37.0 40.0 43.1 100 19 18 16 15 33
Gasoline Peso / litter 30.7 53.1 59.0 65.3 72.3 79.9 116 21 21 20 20 39
Kerosene Peso / litter 29.5 52.8 58.6 64.9 71.8 79.3 123 21 21 20 20 40
Jet Fuel Peso / litter 32.6 59.6 66.5 74.1 82.4 91.6 128 22 22 22 21 42
Diesel Peso / litter 28.8 50.4 55.8 61.7 68.1 75.0 118 21 20 20 20 39
Fuel Oil Peso / litter 18.9 38.2 41.7 45.3 49.1 53.0 151 18 17 16 15 42
Electricity (Average) Peso / kWh 6.8 12.0 13.0 14.0 15.0 16.1 120 16 15 14 13 35
Energy Indicators
TPE per capita kgoe/person 384 418 491 559 605 634 17 33 26 16 09 20
TPE per GDP toe/mil. PHP 27.0 23.6 22.8 21.9 20.5 19.0 -27 -07 -08 -13 -15 -14
Electricity per capita kWh/person 530 602 716 830 939 1,040 26 35 30 25 21 27
Passenger Cars 1,000 units 788 862 1,094 1,346 1,605 1,857 18 49 42 36 30 35
Utility Vehicles 1,000 units 1,792 2434 3238 3944 4470 4,784 63 59 40 25 14 40
Trucks 1,000 units 267 358 437 505 558 595 60 41 29 20 13 33
Buses 1,000 units 31 31 32 34 35 37 02 11 09 08 07 07
Motorcycles/Tricycles 1,000 units 2,158 3,610 5134 6,497 7,479 8,010 108 73 48 29 14 54
CO2 Emission CO,-kton 64,453 79,640 95,640 112,090 131,460 148,760 43 37 32 32 25 34
Total Primary Energy Supply ktoe 38,498 44,771 55,455 66,551 75,862 83,307 31 44 37 27 19 31
Coal ktoe 5190 7,373 8,696 10,581 13,598 16,572 73 34 40 51 40 438
Natural Gas ktoe 2,504 2,797 3,600 3,716 3,740 3,786 22 52 06 01 02 17
Qil ktoe 14,430 16,400 19,718 22,993 25,741 27,841 26 38 31 23 16 27
Geothermal ktoe 8,516 9,327 13,426 18,006 20,296 21,381 18 76 60 24 10 38
Hydro ktoe 2,088 2661 3,543 4,690 5836 6,983 50 59 58 45 37 49
Nuclear ktoe 0 0 0 0 0 0
Renewables ktoe 3 312 630 769 880 961 1509 151 41 27 18 257
Commercial Energy ktoe 32,731 38,871 49,614 60,756 70,092 77,524 35 50 41 29 20 35
Non-commercial Energy ktoe 5,766 5901 5840 5795 5770 5,784 05 -02 -02 -01 00 00
Coal % 135 16.5 15.7 15.9 17.9 19.9
Natural Gas % 6.5 6.2 6.5 5.6 4.9 45
Oil % 375 36.6 35.6 34.6 339 334
Others % 27.6 275 317 35.3 35.6 35.2
Non-commercial Energy % 15.0 13.2 10.5 8.7 7.6 6.9
Final Demand (excl. Non-Con ktoe 17,402 21,787 27,120 32,363 37,148 41,273 46 45 36 28 21 35
Agriculture ktoe 313 254 297 337 373 402 40 31 26 20 16 10
Industry ktoe 4,084 4551 5590 6,677 7,785 8,870 22 42 36 31 26 32
Energy Intensive ktoe 2,653 3,071 3674 4311 4957 5591 30 37 32 28 24 30
Other ktoe 1,430 1,480 1,916 2,366 2,828 3,279 07 53 43 36 30 34
Commercial ktoe 1,660 2,187 2,878 3,638 4,429 5,218 57 56 48 40 33 47
Residential ktoe 2,405 2,763 3,556 4,434 5342 6,219 28 52 45 38 31 39
Transport ktoe 8,940 12,032 14,800 17,277 19,220 20,563 61 42 31 22 14 34
Energy Net Import ktoe 18,112 21,502 25,700 31,118 37,209 42,416 35 36 39 36 27 35
Coal ktoe 3,710 5139 6,019 7,363 9,672 11,945 67 32 41 56 43 48
Natural Gas ktoe 0 0 0 798 1,832 2,667 181 78
Oil ktoe 14,402 16,363 19,682 22,957 25,705 27,804 26 38 31 23 16 27
Energy Import Ratio % 55.3 55.3 51.8 51.2 53.1 54.7
Coal % 715 69.7 69.2 69.6 711 721
Natural Gas % 0.0 0.0 0.0 215 49.0 70.4
Qil % 99.8 99.8 99.8 99.8 99.9 99.9

Al-16



1.17 Revised Price Case at $70/Bbl

Economic Indicators

Population

Real GDP in 1985 price

RGDP per capita
Energy Prices

Crude oil

Coal

Natural Gas

LPG

Gasoline

Kerosene

Jet Fuel

Diesel

Fuel Oil

Electricity (Average)

Energy Indicators
TPE per capita
TPE per GDP
Electricity per capita
Passenger Cars
Utility Vehicles
Trucks
Buses
Motorcycles/Tricycles
CO2 Emission

Total Primary Energy Supply

Coal

Natural Gas

Oil

Geothermal

Hydro

Nuclear

Renewables
Commercial Energy
Non-commercial Energy

Coal

Natural Gas

Oil

Others

Non-commercial Energy
Final Demand (excl. Non-Con

Agriculture

Industry

Energy Intensive
Other

Commercial

Residential

Transport

Energy Net Import
Coal
Natural Gas
Oil

Energy Import Ratio
Coal
Natural Gas
Oil

Unit

Million

Billion PHP
PHP/person

Peso / litter
Peso / kg

Peso / mmBtu

Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / kwh

kgoe/person

toe/mil. PHP
kWh/person
1,000 units
1,000 units
1,000 units
1,000 units
1,000 units
CO,-kton

ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
%
%
%
%
%
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe

ktoe

ktoe
ktoe

2005
85.3
1,210
14,198

17.8

2.0
347
19.1
30.7
29.5
32.6
28.8
18.9

6.8

384
27.0
530
788
1,792
267
31
2,158
64,453

38,498
5,190
2,504
14,430
8,516
2,088
0
3
32,731
5,766
135
6.5
375
27.6
15.0

17,402

313
4,084
2,653
1,430
1,660
2,405
8,940

18,112
3,710
0
14,402
55.3
715
0.0
99.8

2010
93.0
1,647
17,708

19.8
3.2
440
18.5
39.0
38.6
45.5
36.3
24.1
8.2

436
24.6
627
951
2,434
358
31
3,610
84,520

46,320
7,416
2,858
17,922
9,327
2,661
0
329
40,513
5,807
16.0
6.2
38.7
26.6
12.5

22,933

307
4,729
3,183
1,546
2,291
2,879
12,727

23,024
5,139
0
17,885
56.8
69.3
0.0
99.8

2015
101.1
2,177

21,536

21.9
3.6
477
21.6
44.2
43.8
51.7
41.0
26.9
9.0

509
23.6
743
1,220
3,238
437

32
5,134
101,470

57,150
9,304
3,608
20,872
13,426
3,543
0
666
51,419
5731
16.3
6.3
36.5
30.9
10.0

28,528

360
5,797
3,802
1,995
3,005
3,693
15,673

27,332
6,497
0
20,835
53.2
69.8
0.0
99.8

2020

108.7
2,772
25,491

24.0
4.1
523
24.6
49.8
49.4
58.6
46.2
29.8
9.9

548
215
860
1,492
3,944
505

34
6,497
124,710

65,281
12,824
3,729
24,177
13,667
4,425
0

789
59,611
5,670
19.6
5.7
37.0
28.9
8.7
33,925
405
6,912
4,454
2,457
3,788
4,593
18,228

34,190
9,239
811
24,141
57.4
72.0
21.7
99.8

Al-17

2025

115.9
3,413
29,456

26.1
45
569
21.7
56.0
55.5
66.2
51.8
32.8
10.8

586
19.9
971
1,768
4,470
558

35
7,479
144,100

73,551
15,187
4,529
27,204
14,812
5,307
0

881
67,920
5,631
20.6
6.2
37.0
28.6
7.7
38,825
444
8,045
5114
2,931
4,601
5,520
20,216

40,774
10,982
2,625
27,167
60.0
72.3
58.0
99.9

2030

122.4
4,079
33,332

28.2
4.9
615
30.8
62.9
62.3
74.7
58.1
36.0
11.7

614
18.4
1,074
2,034
4,784
595

37
8,010
163,540

80,728
18,575
4,615
29,420
15,354
6,189
0

942
75,095
5,633
23.0
5.7
36.4
27.9
7.0
43,027
476
9,153
5,762
3,391
5,409
6,413
21,576

46,487
13,604
3,500
29,383
61.9
73.2
75.8
99.9

05-10

Growth Rate (%)

10-15 15-20 20-25 25-30 05-30

1.8
6.3
4.5

2.1
9.9
4.9
-0.7
4.9
55
6.9
4.7
5.0
3.8

2.6
-1.9
34
3.8
6.3
6.0
-0.2
10.8
5.6

3.8
7.4
2.7
44
1.8
5.0

153.5
44
0.1

5.7
-0.3
3.0
3.7
1.6
6.7
3.7
7.3

4.9
6.7

4.4

17
5.7
4.0

2.1
2.4
1.6
3.1
2.5
2.5
2.6
2.5
2.2
1.9

3.1
-0.8
3.5
51
5.9
4.1
11
7.3
3.7

4.3
4.6
4.8
3.1
7.6
5.9

15.2
4.9
-0.3

4.5
3.2
4.2
3.6
52
5.6
5.1
4.3

3.5
4.8

3.1

15
5.0
3.4

1.9
2.3
1.9
2.7
2.4
2.4
2.5
2.4
2.1
1.9

15
-1.9
3.0
4.1
4.0
2.9
0.9
4.8
4.2

2.7
6.6
0.7
3.0
0.4
4.5

3.4
3.0

-0.2

3.5
2.4
3.6
3.2
4.3
4.7
45
3.1

4.6
7.3

3.0

1.3
4.3
2.9

1.7
2.1
1.7
2.4
2.4
2.4
2.5
2.3
2.0
1.7

13
-1.5
2.5
3.5
2.5
2.0
0.8
2.9
2.9

24
3.4
4.0
2.4
1.6
3.7

2.2
2.6
-0.1

2.7
1.9
3.1
2.8
3.6
4.0
3.7
2.1

3.6
3.5

26.5
2.4

11
3.6
2.5

1.6
1.8
1.6
2.1
2.3
2.3
24
2.3
1.9
1.6

0.9
-1.5
2.0
2.8
1.4
13
0.7
1.4
2.6

1.9
4.1
0.4
1.6
0.7
31

1.3
2.0
0.0

2.1
1.4
2.6
2.4
3.0
3.3
3.0
13
2.7
4.4
5.9
1.6

1.5
5.0
35

1.9
3.7
2.3
1.9
2.9
3.0
3.4
2.8
2.6
2.2

1.9
-1.5
2.9
3.9
4.0
3.3
0.7
5.4
3.8

3.0
5.2
2.5
2.9
2.4
4.4

25.6
3.4
-0.1

3.7
17
3.3
3.1
35
4.8
4.0
3.6

3.8
5.3

2.9



1.18 Revised Price ($70/Bbl) and Economic Growth (4%6) Case

Economic Indicators
Population

Real GDP in 1985 price

RGDP per capita
Energy Prices
Crude oil
Coal
Natural Gas
LPG
Gasoline
Kerosene
Jet Fuel
Diesel
Fuel Qil

Electricity (Average)

Energy Indicators
TPE per capita
TPE per GDP

Electricity per capita

Passenger Cars
Utility Vehicles
Trucks

Buses

Motorcycles/Tricycles

CO2 Emission

Total Primary Energy Supply

Coal

Natural Gas

Qil

Geothermal

Hydro

Nuclear

Renewables
Commercial Energy

Non-commercial Energy

Coal
Natural Gas
Qil

Others

Non-commercial Energy
Final Demand (excl. Non-Con

Agriculture
Industry
Energy Intensive
Other
Commercial
Residential
Transport

Energy Net Import
Coal
Natural Gas
Qil

Energy Import Ratio
Coal
Natural Gas
Qil

Unit

Million

Billion PHP
PHP/person

Peso / litter
Peso / kg

Peso / mmBtu

Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / litter
Peso / kwWh

kgoe/person

toe/mil. PHP
kWh/person
1,000 units
1,000 units
1,000 units
1,000 units
1,000 units
CO,-kton

ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
%
%
%
%
%
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe
ktoe

ktoe
ktoe
ktoe
ktoe
%
%
%
%

2005

85.3
1,210
14,198

17.8
2.0
347
19.1
30.7
29.5
32.6
28.8
18.9
6.8

384
27.0
530
788
1,792
267
31
2,158
64,453

38,498
5,190
2,504
14,430
8,516
2,088
0
3
32,731
5,766
135
6.5
375
27.6
15.0

17,402

313
4,084
2,653
1,430
1,660
2,405
8,940

18,112
3,710
0
14,402
55.3
71.5
0.0
99.8

2010

93.0
1,498
16,110

19.8
3.2
440
18.5
39.0
38.6
455
36.3
24.1
8.2

421
26.1
604
887
2,293
355
31
3,622
80,620

44,946
7,303
2,832

16,692
9,327
2,661

0
320

39,136

5,810
16.2
6.3
37.1
27.4
12.9
22,034
348
4,451
3,034
1,417
2,101
2,884
12,250

21,794
5,139
0
16,655
55.7
70.4
0.0
99.8

2015

101.1
1,872
18,523

21.9
3.6
477
21.6
44.2
43.8
51.7
41.0
26.9
9.0

480
25.9
686
1,059
2,921
422
32
4,979
93,140

54,183
8,548
3,055

19,308

13,426
3,543

0
625

48,506

5,677
15.8
5.6
35.6
32.5
10.5
26,297
393
5,257
3,631
1,726
2,600
3,620
14,427

25,290
6,019
0
19,272
52.1
70.4
0.0
99.8

2020
108.7
2,286

21,021

24.0
41
523
24.6
49.8
49.4
58.6
46.2
29.8
9.9

499
23.7
766
1,238
3,466
478

34
6,163
106,540

59,749
9,855
3,716

21,827

13,667
4,425

0
722

54,212

5,537

16.5
6.2
36.5
31.5
9.3

30,342

431
6,094
4,056
2,038
3,139
4,413
16,264

29,526
6,938
798
21,790
54.5
70.4
21.5
99.8

Al-18

2025
115.9
2,736

23,612

26.1

45

569
21.7
56.0
55.5
66.2
51.8
32.8
10.8

525
22.2
842
1,422
3,878
520

35
7,016
121,520

66,194
12,216
3,741
23,924
14,812
5,307
0

794
60,794
5,399
18.5
5.7
36.1
31.6
8.2
33,997
465
6,958
4,595
2,363
3,707
5211
17,656

34,470
8,750
1,833

23,887

56.7
71.6
49.0
99.8

2030
122.4
3,222

26,331

28.2

4.9

615
30.8
62.9
62.3
4.7
58.1
36.0
11.7

540
20.5
914
1,608
4,131
549

37
7,497
134,440

71,416
14,436
3,787
25,520
15,354
6,189
0

842
66,128
5,288
20.2
53
35.7
31.3
7.4
37,176
496
7,835
5,140
2,695
4,298
5,957
18,590

38,579
10,428
2,668
25,483
58.3
72.2
70.5
99.9

Growth Rate (%)

05-10 10-15 15-20 20-25 25-30 05-30

1.8
4.4
2.6

2.1
9.9
4.9
-0.7
4.9
55
6.9
4.7
5.0
3.8

1.9
-0.7
2.7
2.4
5.1
5.9
-0.2
10.9
4.6

3.1
7.1
2.5
3.0
1.8
5.0

152.2
3.6
0.2

4.8
2.2
17
2.7

-0.2
4.8
3.7
6.5

3.8
6.7

3.0

17
4.6
2.8

2.1
24
1.6
3.1
2.5
2.5
2.6
2.5
2.2
1.9

2.7
-0.2
2.6
3.6
5.0
3.5
11
6.6
2.9

3.8
3.2
15
3.0
7.6
5.9

14.3
4.4
-0.5

3.6
2.4
3.4
3.1
4.0
44
4.7
3.3

3.0
3.2

3.0

15 13

41 37

26 24

1.9 17

23 21

19 17

27 24

24 24

24 24

25 25

24 23

21 20

19 17

08 1.0

-1.7  -13
22 19

32 28

35 23

25 17

09 08

44 26

27 27

20 21
29 44

40 0.1

25 19

04 16

45 37

29 19

22 23

-05 -05
29 23
19 16

3.0 27

28 25

34 30

38 34

40 34

24 17

31 31
29 48

18.1

25 19

11
3.3
2.2

1.6
1.8
1.6
2.1
2.3
2.3
24
2.3
1.9
1.6

0.6
-1.6
1.6
2.5
13
11
0.7
13
2.0

1.5
34
0.2
13
0.7
3.1

1.2
1.7

-0.4

1.8
13
2.4
2.3
2.7
3.0
2.7
1.0
2.3
3.6
7.8
1.3

15
4.0
2.5

1.9
3.7
2.3
1.9
2.9
3.0
3.4
2.8
2.6
2.2

1.4
-1.1
2.2
2.9
3.4
2.9
0.7
51
3.0

25
4.2
1.7
2.3
2.4
44

25.1
2.9
-0.3

3.1
1.9
2.6
2.7
2.6
3.9
3.7
3.0

3.1
4.2

2.3



Appendix-2
Sample of Summary Sheet
This summary sheet is produced for each case to state summary of the supply/demand optimization for all

years from 2005 through 2030. However, because of limited paper size, only several sample years are
printed in this Appendix-2. Please refer to the excel sheet on PC for detail annual figures.






Reference Case

(Economic and Energy Indicators)

<= /cctual ===l [orecasl =——————
Reference Summary sheet G ROWTH RATE (%)
TERM 1 TERM 2 TERM 3 Unit 2005 2006 2007 2008 2009 2030/ 05->10[10->15[15->20[ 20 -> 2525 -> 30(/ 05 -> 30
Economic Indicators [Population Million 85.26 86.97 88.45 89.95 91.46 122.37 1.8 1.7 1.5 1.3 1.1 1.5
GDP at 1985 price on PHP base Billion PHP 1,210.5 1,276.4 1,364.6 1,450.6 1,543.8 4,078.8 6.3 5.7 5.0 4.3 3.6 5.0
GDP per capita on 1985 PHP base PHP/person 14,198 14,676 15,428 16,127 16,880 33,332 4.5 4.0 3.4 2.9 2.5 3.5
Energy Indicators  [TPE per capita kgoe/person 383.9 377.5 372.8 407.9 416.5 689.9 2.7 3.7 2.1 1.9 15 2.4
TPE per GDP TOE/million PHH 27.0 25.7 24.2 25.3 24.7 20.7 -1.8 -0.3 -1.3 -1.0 -1.0 -1.1
Electricity per capita kWh / person 530 525 543 575 604 1,251 3.7 4.2 3.7 3.2 2.7 3.5
Vehicle number Total 1000Unit 5,036 5,308 5,777 6,213 6,723 15,283 7.7 6.4 4.4 2.8 1.6 4.5
Passenger Cars 1000Unit 788 792 812 801 823 1,857 1.8 4.9 4.2 3.6 3.0 3.5
Utility Vehicles 1000Unit 1,792 1,791 1,946 2,098 2,260 4,784 6.3 5.9 4.0 2.5 1.4 4.0
Trucks 1000Unit 267 286 303 320 338 595 6.0 4.1 2.9 2.0 1.3 3.3
Buses 1000Unit 31 29 30 30 30 37 -0.2 1.1 0.9 0.8 0.7 0.7
Motorcycles/Tricycles 1000Unit 2,158 2,409 2,685 2,964 3,271 8,010 10.8 7.3 4.8 2.9 1.4 5.4
Total No. of vehicle per persofunit/1000psn 59.1 61.0 65.3 69.1 73.5 124.9 5.8 4.6 29 1.5 0.5 3.0
Passenger Cars unit/1000psn 9.2 9.1 9.2 8.9 9.0 15.2 0.0 3.2 2.7 2.3 1.8 2.0
Utility Vehicles unit/1000psn 21.0 20.6 22.0 23.3 24.7 39.1 4.5 4.1 25 1.2 0.3 25
Trucks unit/1000psn 3.1 3.3 3.4 3.6 3.7 4.9 4.2 2.3 15 0.7 0.2 1.8
Buses unit/12000psn 0.4 0.3 0.3 0.3 0.3 0.3 -1.9 -0.6 -0.5 -0.4 -0.3 -0.8
Motorcycles/Tricycles unit/1000psn 25.3 27.7 30.4 33.0 35.8 65.5 8.9 5.5 3.3 1.6 0.3 3.9
CO2 Emission CO2-kton 64,453 59,619 65,892 77,100 79,480| 195,130 5.7 4.6 5.1 3.9 3.4 4.5
Total Primary Energy Commercial Total kTOE 32,731 32,830 32,975 36,685 38,094 84,428 4 5.4 3.6 3.2 2.6 3.9
Domestic Requirement Coal kTOE 5,190 4,889 5,210 7,350 7,401 23,903 7.5 6.0 8.0 5.0 4.9 6.3
excluding Stockpiling Natural Gas kTOE 2,504 2,363 2,821 2,322 2,842 4,632 2.7 4.8 1.0 3.6 0.4 2.5
Oil kTOE 14,430 14,096 13,992 15,858 16,279 33,288 4.6 3.8 3.4 2.9 2.3 3.4
Crude Oil Processing kTOE 10,493 10,543 10,022 14,621 14,621 14,621 6.9 0.0 0.0 0.0 0.0 1.3
Petroleum Products Import [kTOE 3,937 3,554 3,970 1,236 1,658 18,666 -2.5 15.8 9.2 6.2 4.3 6.4
Fossil total kTOE 22,124 21,349 22,022 25,529 26,521 61,823 5.1 4.5 4.6 3.7 3.1 4.2
Fossil ratio % 67.6 65.0 66.8 69.6 69.6 73.2 0.6 -0.9 1.0 0.4 0.5 0.3
Geothermal kTOE 8,516 9,000 8,785 8,785 8,785 15,354 1.8 7.6 0.4 1.6 0.7 2.4
Hydro kTOE 2,088 2,475 2,132 2,309 2,485 6,189 5.0 5.9 4.5 3.7 3.1 4.4
Nuclear kTOE 0 0 0 0 0 0
Renewables kTOE 3 7 35 62 303 1,061 153.2 15.8 4.1 2.9 2.0 26.2
Non-Commercials kTOE 5,766 5,652 5,561 5,829 5,804 4,818 0.1 -0.7 -0.8 -1.0 -1.1 -0.7
Total kTOE 38,498 38,483 38,535 42,514 43,898 89,245 3.9 4.8 3.2 2.9 2.4 3.4
Final Energy Demand Total kTOE 17,402 16,814 18,494 20,570 21,600 49,668 5.7 5.2 4.3 35 2.8 4.3
Agricluture kTOE 313 281 134 256 259 485 -3.0 3.8 3.3 2.7 2.2 1.8
Industry (Energy Insentive) |kTOE 2,653 2,753 2,645 2,970 3,109 6,772 4.2 4.4 3.9 3.5 3.1 3.8
Industry (Other) kTOE 1,430 1,385 1,282 1,364 1,458 3,944 1.8 6.0 5.0 4.3 3.7 4.1
Commercial kTOE 1,660 1,749 1,689 2,010 2,153 6,278 6.9 6.3 5.5 4.7 4.0 55
Residential kTOE 2,405 2,277 2,338 2,546 2,718 7,463 3.9 5.9 5.2 4.5 3.8 4.6
Transport kTOE 8,940 8,369 10,406 11,422 11,903 24,724 7.1 4.9 3.9 2.9 2.1 4.2
Energy Net Import Total kTOE 18,112 18,145 18,046 21,095 21,567 54,688 51 4.4 5.3 4.4 3.3 4.5
Coal kTOE 3,710 4,073 4,079 5,274 5,324 17,937 6.7 6.3 8.8 5.7 5.0 6.5
Natural Gas kTOE 0 0 0 0 0 3,500 24.6 5.9
Oil kTOE 14,402 14,072 13,967 15,821 16,242 33,251 4.6 3.8 3.4 2.9 2.3 3.4
Import Ratio Total % 55 55 55 58 57 65 0.6 -1.0 17 1.2 0.7 0.6
(excl. oil stockpiling) Coal % 715 83.3 78.3 71.8 71.9 75.0 -0.7 0.3 0.7 0.6 0.0 0.2
Natural Gas % 0.0 0.0 0.0 0.0 0.0 75.6 20.2 55
Oil % 99.8 99.8 99.8 99.8 99.8 99.9 0.0 0.0 0.0 0.0 0.0 0.0

A2-1



Reference Case

(Oil & Gas Sector)

~g==mm——m Acctual

Emssseeie- < Forecast =i

Reference Qil and Gas Sector G ROWTH RATE (%)

TERM 1 TERM 2 TERM 3 Unit 2005 2006 2007 2008 2009 2030 (05 ->10]10->15|15->20(20 -> 25|25 ->30( 05 -> 30
Oil & Gas sector Primary Energy Supply |Total kTOE 16,376 15,062 16,925 17,790 18,968 38,587 4.9 4.3 3.2 3.0 2.1 3.5
Natural gas kTOE 2,504 2,363 2,821 2,322 2,842 4,632 2.7 4.8 1.0 3.6 0.4 25
Final demand kKTOE 12 53 77 78 80 199 46.6 3.0 3.2 4.8 7.0 11.8
For electricity KTOE 2,492 2,310 2,743 2,243 2,762 4,434 2.2 4.8 1.0 3.6 0.1 2.3
including Biofuel|Petroleum Products Total kKTOE 13,872 12,699 14,104 15,468 16,127 33,955 5.3 4.2 3.5 2.9 2.3 3.6
LPG kKTOE 1,063 1,008 1,074 1,385 1,520 3,218 9.4 8.0 4.8 0.4 0.4 4.5

LPG substitute KTOE 0 0 0 0 0 2,025 37.1 12.7
including Bio-ethanol| Gasoline kKTOE 2,928 2,737 2,795 3,280 3,478 7,318 4.9 53 3.9 2.7 1.8 3.7
Ethanol kKTOE 1 1 2 0 177 748 167.0 21.0 3.9 2.8 1.8 28.6
Gasoline KTOE 2,926 2,736 2,793 3,280 3,301 6,570 3.8 4.2 3.9 2.7 1.8 3.3
Jet fuel kTOE 1,000 1,003 1,125 1,168 1,228 2,989 5.3 4.8 4.5 4.1 3.7 4.5
Kerosene kKTOE 285 222 200 193 185 90 -9.0 -3.9 -3.5 -3.2 -2.8 -4.5
including Bio-diesel| Diesel kTOE 5,582 5,230 5,553 6,295 6,616 13,066 5.0 4.6 3.5 2.6 1.7 3.5
Final demand kTOE 5,377 5,082 5,404 6,174 6,494 12,940 5.1 4.9 3.7 2.6 1.7 3.6
Bio-Diesel kTOE 0 1 28 53 113 214 304.3 4.8 3.4 2.3 1.3 35.3
Diesel kTOE 5,377 5,082 5,376 6,121 6,382 12,726 4.7 4.9 3.7 2.6 1.7 3.5
For electricity kTOE 205 148 149 121 121 126 2.2 -6.9 -5.4 0.4 0.4 -1.9
Fuel oll kKTOE 3,014 2,499 3,358 3,147 3,099 5,249 5.8 0.6 0.8 1.9 2.3 2.2
Final demand kTOE 1,796 1,606 2,453 2,519 2,471 4,506 7.2 3.4 3.2 2.7 2.2 3.7
For electricity kTOE 1,218 893 905 627 628 743 3.4 -5.5 -7.2 -2.8 2.7 -2.0
Crude oil Production (crude oil) kTOE 28 24 25 37 37 37 5.6 0.0 0.0 0.0 0.0 1.1
Production (condensate) kTOE 582 535 601 777 951 379 10.4 4.8 -4.1 -8.1 -10.0 -1.7
Import kTOE 10,465 10,518 9,997 14,584 14,584 14,584 6.9 0.0 0.0 0.0 0.0 1.3

Export KTOE 0 0 0 0 0 0

Processing kTOE 10,116 10,054 9,694 14,621 14,621 14,621 7.6 0.0 0.0 0.0 0.0 1.5
Net Balance (export) KTOE 582 535 601 777 951 379 10.4 4.8 -4.1 -8.1 -10.0 -1.7
Natural gas Production KTOE 2,701 2,529 3,033 2,322 2,842 1,132 1.1 4.8 -4.1 -8.1 -10.0 -3.4

Import kTOE 0 0 0 0 0 3,500 24.6 5.9

Export kKTOE 0 0 0 0 0 0

Consumption kTOE 2,504 2,363 2,821 2,322 2,842 4,632 2.7 4.8 1.0 3.6 0.4 2.5
Net Balance (export) KTOE 197 166 212 0 0 0 -91.8 31.7 14.8 -25.2 | -232.7| -165.8
Oil & Gas product net imp Total KTOE 13,819 13,537 13,366 15,044 15,291 36,372 4.4 3.8 4.5 4.3 2.8 3.9

Natural gas KTOE 0 0 0 0 0 3,500 31.7] -1346.2 24.6 5.9
Crude oill KTOE 10,465 10,518 9,997 14,584 14,584 14,584 6.9 0.0 0.0 0.0 0.0 1.3
Condensate KTOE -582 -535 -601 =777 -951 -379 10.4 4.8 -4.1 -8.1 -10.0 -1.7
LPG KTOE 695 665 820 675 809 2,360 6.6 12.6 6.4 0.0 0.0 5.0

LPG substitute KTOE 0 0 0 0 0 2,025 37.1 12.7
Gasoline KTOE 1,150 1,140 1,333 556 577 3,846 -6.9 14.8 9.5 5.4 3.2 4.9
Jet fuel KTOE 259 291 359 -38 0 1,589 | -100.0 21.7 11.2 7.7 7.5
Kerosene KTOE 94 79 52 0 14 90 -4.8 14.6 -3.5 -3.2 -2.8 -0.2
Diesel KTOE 2,024 1,873 2,128 756 1,017 7,366 -5.6 16.5 8.5 5.2 3.1 5.3
Fuel ol KTOE -286 -495 -720 -712 -760 1,390 -184.4 14.0 12.2 14.6 10.8] -206.5
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Reference Case

(Electric Power Sector)

<g====—m Acctua| =———————fgE——— Corecgst S—
Reference Electric Power Sector GROWTH RATE (%)
TERM 1 TERM 2 TERM 3 Unit 2005 2006 2007 2008 2009 203005 ->10|10->15(15->20|20 -> 25|25 -> 30 05 -> 30
Electric Power Secto|Power Generation GWh 56,477 56,545 60,430 63,600 67,916 | 187,741 5.2 5.9 5.2 45 3.8 49
Electricity Tariff Average PHP/KWh 6.8 7.4 8.0 11.5 11.9 16.1 12.0 1.6 1.5 1.4 1.3 3.5
Residential PHP/kKWh 7.0 7.8 8.5 12.2 12.7 16.8 12.8 15 1.4 1.3 1.2 3.6
Commercial PHP/kWh 7.2 7.7 8.2 11.8 12.3 16.5 11.4 1.6 1.5 1.4 1.3 3.4
Industrial PHP/kWh 6.2 6.6 7.4 10.7 11.1 14.9 12.5 1.6 15 1.4 1.3 3.6
Electricity per capita kWh/person 662 650 683 707 743 1,534 3.4 4.2 3.7 3.2 2.7 34
Sectoral Demand Total GWh 45,159 45,672 48,009 51,697 55,214 | 153,135 5.5 6.0 5.2 45 3.8 5.0
Agriculture GWh 491 480 493 533 572 1,298 4.4 5.0 4.1 3.5 2.9 4.0
Industry (Energy Insentive) |GWh 8,008 8,119 8,456 8,744 9,071 17,751 3.3 3.7 3.4 3.1 2.7 3.2
Industry (Other) GWh 7,404 7,505 7,783 8,332 8,954 26,486 5.4 6.5 5.5 4.7 4.0 5.2
Commercial GWh 13,134 13,642 14,795 15,761 16,926 51,950 6.8 6.6 5.7 4.9 4.2 5.7
Residential GWh 16,031 15,830 16,376 18,218 19,580 55,494 5.7 6.1 5.3 45 3.8 5.1
Transport GWh 91 97 107 109 111 156 45 1.9 1.7 1.5 1.3 2.2
Power Supply Total GWh 56,568 56,784 59,613 63,600 67,916 | 187,741 5.2 5.9 5.2 45 3.8 49
Coal GWh 15,257 15,294 16,837 25,613 25,613 | 111,461 10.9 8.1 10.5 6.1 5.9 8.3
Natural Gas GWh 16,951 16,605 19,442 15,807 19,363 29,323 2.7 4.7 0.6 3.3 -0.2 2.2
Qil GWh 6,051 4,426 4,495 2,586 2,589 3,096 -0.1 -5.4 -7.3 -2.9 2.8 -2.6
Geothermal GWh 9,902 10,465 10,215 10,215 10,215 17,854 1.8 7.6 0.4 1.6 0.7 2.4
Hydro GWh 8,387 9,939 8,564 9,272 9,981 24,858 5.0 5.9 45 3.7 3.1 4.4
Nuclear GWh 0 0 0 0 0 0

Renewables GWh 19 55 59 107 154 1,150 60.4 16.8 9.0 6.2 4.7 17.8

Power Capacity Total MW 15,803 15,803 37,353 4.3 4.6 5.0 3.7

Coal MW 4,177 4,177 18,177 8.1 10.5 6.1 5.9

Natural Gas MW 2,763 2,763 5,763 6.4 2.5 4.3 1.8

Qil MW 3,602 3,602 3,152 0.0 0.0 0.5 -3.2

Geothermal MW 1,978 1,978 3,078 2.9 1.7 1.6 2.8

Hydro MW 3,257 3,257 5,757 2.3 1.0 3.8 3.9

Nuclear MW 0 0 1,000 0.0

Renewables MW 26 26 426 0.0 0.0 37.1 27.6
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Reference Case

(Coal Sector, Non-Commercial)

<= /\cctual =g CgrgCcqSt =—————f
Reference Coal & Renewable Energy Sector GROWTH RATE (%)
TERM 1 TERM 2 TERM 3 Unit 2005 2006 2007 2008 2009 2030 05->10(10->15|15->20(20->25| 25 -> 30/ 05 -> 30
Coal sector Demand Total kTOE 5,190 4,889 5,210 7,350 7,401 23,903 7.5 6.0 8.0 5.0 4.9 6.3
General KTOE 1,056 1,175 1,238 1,326 1,394 3,213 6.8 4.7 4.2 3.7 3.3 4.5
For electricity KTOE 4,134 3,714 3,972 6,024 6,006 20,690 7.7 6.3 8.8 5.3 5.2 6.7
Export kTOE 0 0 0 0 0 0
Supply Total kKTOE 5,230 5,317 5,874 7,350 7,401 23,903 7.4 6.0 8.0 5.0 4.9 6.3
Production kTOE 1,520 1,243 1,795 2,076 2,076 5,966 8.8 5.3 6.1 3.2 4.8 5.6
Import KTOE 3,710 4,073 4,079 5,274 5,324 17,937 6.7 6.3 8.8 5.7 5.0 6.5
Reference Non-commercial Energy Sector
Non-commercial EndSupply & Demand Total kTOE 5,766 5,652 5,561 5,829 5,804 4,818 0.1 -0.7 -0.8 -1.0 -1.1 -0.7
Rice hull kTOE 48 48 48 51 53 111 2.7 4.1 3.8 3.4 3.0 3.4
Charcoal kTOE 677 684 691 670 648 32 -1.6 -4.5 -6.7 -11.3 -30.1 -11.5
Fuel wood kTOE 3,669 3,527 3,404 3,324 3,229 608 -3.1 -3.8 5.4 -8.1 -13.9 -6.9
Bagasse kTOE 711 740 769 1,132 1,212 3,105 12.8 5.6 4.8 4.0 3.3 6.1
Agriculture waste kTOE 646 638 632 646 655 946 0.6 1.8 1.8 1.8 1.7 15
Animal waste kTOE 15 16 16 6 6 16 -15.5 55 4.8 4.2 3.6 0.1
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Appendix-3
Sample of Energy Balance Table
This energy balance table is produced for each case to state summary of the supply/demand optimization

for all years from 2008 through 2030. However, because of limited paper size, only several sample years
are printed in this Appendix-3. Please refer to the excel sheet on PC for detail annual figures.






Reference Case

2008

ktoe
Coal Nzt:sral COZS:nS Crude |Gasoline Kerce)sen Diesel | Fuel Oil| LPG |Jet Fuel (AEZ'is.e:Iii(r)w’; Hydro Ge:]:‘c:lwer Nuclear Rir;::va Bioztlhan Biodiesel Elec;ricit Biomass| Total
lIndigenous production 2,076 1,986 488 37 0 0 0 0 0 0 Oof 2309 8,785 0 9 0 0 0 5900 21,590
Import 5218 0 O] 14584 440 0 548 0 609 0 4 0 0 0 0 0 0 0 0] 21,403
Export 0 0 —488 0 0 0 0 -756 0 -75 0 0 0 0 0 0 0 0 0] -1318
Total Primary Energy Supply 7,294 1,986 o] 14621 440 0 548 —756 609 -75 4] 2309] 8785 0 9 0 0 0 5,900 41,674
Transformation Sector -6,024] -1,907 ol 14,621 2,724 193 5,365 3,231 711 1,207 0] -2309] -8785 0 -9 0 51 4,281 0| -15,894
Electricity Plants -6,024] -1,907 0 0 0 0 —121 -627 0 0 0] -2309f -8785 0 =9 0 0 5,266 0| -14.517
Petroleum Refineries 0 0 0] —14.036 2,724 193 5,486 3,859 711 1,207 0 0 0 0 0 0 0 0 0 143
Bioethanol Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Biodiesel Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 51 0 0 51
Energy Sector 0 0 0 —-585 0 0 0 0 0 0 0 0 0 0 0 0 0 -986 0] -1,570
Petroleum Refineries 0 0 0 —-585 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -585
LNG Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Own Use in Electricity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 —392 0 -392
Distribution Loss 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 —-593 0 —-593
Total Final Consumption 1,270 78 0 0 3,164 193] 5913 2,475 1,319 1,132 4 0 0 0 0 0 51 4,281 5,900| 25,780
Total Industry 1,270 71 0 0 0 16 326 997 61 0 0 0 0 0 0 0 0 1,410 1,697 5,854
Energy Intensive Industry 1,242 0 0 0 0 16 221 613 33 0 0 0 0 0 0 0 0 720 1,481 4,325
Other Industry 28 77 0 0 0 0 105 384 29 0 0 0 0 0 0 0 0 690 216 1,529
Total Transport 0 1 0 0] 3164 0 5,357 1,300 65 1,132 4 0 0 0 0 0 51 9 0] 11,084
Road 0 1 0 0 3,164 0 5,057 0 65 0 0 0 0 0 0 0 51 0 0] 8338
Rail 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 9
Water 0 0 0 0 0 0 300 1,300 0 0 0 0 0 0 0 0 0 0 0 1,600
Air 0 0 0 0 0 0 0 0 0 1,132 4 0 0 0 0 0 0 0 0 1,136
Total Other Sectors 0 0 0 0 0 177 229 179 1,193 0 0 0 0 0 0 0 O] 2862 4203 8843
Residential 0 0 0 0 0 172 0 0 775 0 0 0 0 0 0 0 0 1,514] 3904 6,365
Commercial 0 0 0 0 0 0 70 141 419 0 0 0 0 0 0 0 0 1,304 299 2233
|Agriculture 0 0 0 0 0 5 159 37 0 0 0 0 0 0 0 0 0 44 0 246
Electricity Output in ktoe 2,203 1,156 0 0 0 0 222 0 0 0 0 797 879 0 9 0 0 0 0 5,266
Installed Capacity of Power Plant in MW 4177 2,763 0 0 0 0 2,952 650 0 0 0 3,257 1,978 0 26 0 0 0 0] 15,803
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Reference Case

2010

ktoe
Coal Ngt:sral COZS:nS Crude |Gasoline Kerzsen Diesel | Fuel Oil| LPG |Jet Fuel (A;;/'i:;cliizr; Hydro Ge:]’;ilwer Nuclear Rebr;:;/va Bioztlhan Biodiesel Elec;ricit Biomass| Total
lIndigenous production 2,234 2,797 687 37 0 0 0 0 0 0 0 2,661 9,327 0 17 0 0 0 5901 23,662
Import 5,139 0 O] 14584 638 17 1,081 0 846 0 4 0 0 0 0 0 0 0 0] 22310
Export 0 0 -687 0 0 0 0 —-808 0 0 0 0 0 0 0 0 0 0 0] -1.495
Total Primary Energy Supply 7373 2,797 o] 14621 638 17 1,081 —-808 846 0 4] 2,661 9,327 0 17 0 0 0 5901 44476
Transformation Sector -5988] -2,715 of —14,621 2,724 159 5,365 3,231 711 1,240 0] -2661] -9327 0 -17 181 114] 4816 0| 16,789
Electricity Plants -5988] -2715 0 0 0 0 —121 —-627 0 0 0] -2661f -9327 0 -17 0 0 5,923 0] -15,535
Petroleum Refineries 0 0 0f 14,036 2,724 159 5,486 3,859 711 1,240 0 0 0 0 0 0 0 0 0 143
Bioethanol Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 181 0 0 0 181
Biodiesel Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 114 0 0 114
Energy Sector 0 0 0 —-585 0 0 0 0 0 0 0 0 0 0 0 0 0| -1,107 0] -1,692
Petroleum Refineries 0 0 0 -585 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -585
LNG Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Own Use in Electricity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 —439 0 -439
Distribution Loss 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 —-668 0 —668
Total Final Consumption 1,384 82 0 0 3,362 177 6,445 2,424 1,556 1,240 4 0 0 0 0 181 114 43816 5901| 27,687
Total Industry 1,384 77 0 0 0 16 362 1,067 94 0 0 0 0 0 0 0 0 1,550 1,929 6,480
Energy Intensive Industry 1,353 0 0 0 0 16 244 654 40 0 0 0 0 0 0 0 0 763 1,681 4,752
Other Industry 31 77 0 0 0 0 117 413 55 0 0 0 0 0 0 0 0 786 248 1,728
Total Transport 0 5 0 0] 3362 0 5,852 1,191 72 1,240 4 0 0 0 0 181 114 10 0] 12,032
Road 0 5 0 0 3,362 0 5,594 0 72 0 0 0 0 0 0 181 114 0 0] 9329
Rail 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 10
Water 0 0 0 0 0 0 258 1,191 0 0 0 0 0 0 0 0 0 0 0 1,449
Air 0 0 0 0 0 0 0 0 0 1,240 4 0 0 0 0 0 0 0 0 1,245
Total Other Sectors 0 0 0 0 0 160 232 165 1,390 0 0 0 0 0 0 0 0| 3257 3971 9,176
Residential 0 0 0 0 0 155 0 0 882 0 0 0 0 0 0 0 0 1,725| 3,689 6,451
Commercial 0 0 0 0 0 0 70 127 507 0 0 0 0 0 0 0 0 1,482 283 2470
Agriculture 0 0 0 0 0 5 162 38 0 0 0 0 0 0 0 0 50 0 254
Electricity Output in ktoe 2,203 1,629 0 0 0 0 222 0 0 0 919 933 0 17 0 0 0 0 5,923
Installed Capacity of Power Plant in MW 4177 2,763 0 0 0 0 2,952 650 0 0 3,357 1,978 0 26 0 0 0 0] 15,903
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Reference Case

2015

ktoe
Coal Nzt:sral COZS:nS Crude |Gasoline Kerce)sen Diesel | Fuel Oil| LPG |Jet Fuel (AEZ'is.e:Iii(r)w’; Hydro Ge:]:‘c:lwer Nuclear Rir;::va Bioztlhan Biodiesel Elec;ricit Biomass| Total
lIndigenous production 2,678] 3,600 884 37 0 0 0 0 0 0 Of 3543[ 13426 0 38 0 0 0 5,840 30,046
Import 6,019 0 O] 14584 1,260 144| 2526 0 1,498 117 4 0 0 0 0 0 0 0 0] 26,152
Export 0 0 -884 0 0 0 0 -451 0 0 0 0 0 0 0 0 0 0 0] -1,336
Total Primary Energy Supply 8,696 3,600 o 14621 1,260 144| 2,526 —451 1,498 117 4] 3543[ 13,426 0 38 0 0 0 5,840 54,862
Transformation Sector -7,013] -3,506 ol —14,621 2,724 0 5,365 3,231 711 1,400 0] -3,543| -13,426 0 —-38 453 140| 6,222 0] —21,902
Electricity Plants -7,013] -3,506 0 0 0 0 —121 -627 0 0 0| -3543| -13426 0 -38 0 0 7,647 0] -20.628
Petroleum Refineries 0 0 0] —14.036 2,724 0 5,486 3,859 11 1,400 0 0 0 0 0 0 0 0 0 143
Bioethanol Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 453 0 0 0 453
Biodiesel Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 140 0 0 140
Energy Sector 0 0 0 —-585 0 0 0 0 0 0 0 0 0 0 0 0 0] -1424 0] -2,009
Petroleum Refineries 0 0 0 —-585 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -585
LNG Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Own Use in Electricity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 —561 0 -561
Distribution Loss 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 —-863 0 —-863
Total Final Consumption 1,683 94 0 0 3,984 144 7,891 2,780] 2,208 1,517 4 0 0 0 0 453 140 6,222 5,840 32,960
Total Industry 1,683 71 0 0 0 18 452 1,237 194 0 0 0 0 0 0 0 0 1,929 2,531 8,121
Energy Intensive Industry 1,644 0 0 0 0 18 305 761 61 0 0 0 0 0 0 0 0 885 2,205 5,880
Other Industry 39 77 0 0 0 0 147 476 132 0 0 0 0 0 0 0 0 1,044 326| 2241
Total Transport 0 17 0 0] 3984 0 7,183 1,401 91 1,517 4 0 0 0 0 453 140 11 0| 14,800
Road 0 17 0 0 3,984 0 6,825 0 91 0 0 0 0 0 0 453 140 0 0] 11,509
Rail 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 11 0 11
Water 0 0 0 0 0 0 358 1,401 0 0 0 0 0 0 0 0 0 0 0 1,759
Air 0 0 0 0 0 0 0 0 0 1,617 4 0 0 0 0 0 0 0 0 1,521
Total Other Sectors 0 0 0 0 0 126 256 142 1,924 0 0 0 0 0 0 0 O 4282 3,309 10,040
Residential 0 0 0 0 0 120 0 0 1,190 0 0 0 0 0 0 0 O] 2246 3074 6,629
Commercial 0 0 0 0 0 0 70 99 734 0 0 0 0 0 0 0 0 1,976 236 3114
|Agriculture 0 0 0 0 0 6 186 44 0 0 0 0 0 0 0 0 61 0 297
Electricity Output in ktoe 2,730] 2,090 0 0 0 0 222 0 0 0 1,224 1,343 0 38 0 0 0 0 7,647
Installed Capacity of Power Plant in MW 5177 3,763 0 0 0 0 2,952 650 0 0 3,757 2,278 0 26 0 0 0 0] 18,603
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Reference Case

2020

ktoe
Coal Nzt:sral COZS:nS Crude |Gasoline Kerzsen Diesel | Fuel Oil| LPG |Jet Fuel é:j::liizr; Hydro Ge:]:‘c:lwer Nuclear Ri?::va Bioztlhan Biodiesel Elec;ricit Biomass| Total
lIndigenous production 3422 2922 718 37 0 0 0 0 0 0 Of 4425 13667 0 58 0 0 0 5795 31,044
Import 8,599 798 O] 14584 1,945 18] 3,757 o] 2198 424 4 0 0 0 0 0 0 0 0] 32428
Export 0 0 -718 0 0 0 0 -74 0 0 0 0 0 0 0 0 0 0 0 -792
Total Primary Energy Supply 12,021 3,720 o] 14621 1,945 118 3,757 —74] 2,198 424 4] 4425 13,667 0 58 0 0 0 5,795 62,679
Transformation Sector -10,020] -3,612 ol 14,621 2,724 0 5,365 3,231 711 1,400 0] -4425| -13,667 0 -58 531 160| 7,760 0| —24,522
Electricity Plants —-10,020] -3,608 0 0 0 0 —121 -627 0 0 0| -4425[ -13,667 0 -58 0 0 9,528 0] -22,998
Petroleum Refineries 0 0 0f 14,036 2,724 0 5,486 3,859 11 1,400 0 0 0 0 0 0 0 0 0 143
Bioethanol Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 531 0 0 0 531
Biodiesel Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 160 0 0 160
Energy Sector 0 -4 0 -585 0 0 0 0 0 0 0 0 0 0 0 0 0] -1,768 0] -2,357
Petroleum Refineries 0 0 0 -585 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -585
LNG Plants 0 -4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -4
Own Use in Electricity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 —693 0 —693
Distribution Loss 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0] -1.076 0] -1,076
Total Final Consumption 2,001 108 0 0] 4669 118 9,122 3,157 2,909 1,824 4 0 0 0 0 531 160 7,760[ 5,795[ 38,157
Total Industry 2,001 77 0 0 0 19 546 1,388 316 0 0 0 0 0 0 0 0 2,330 3,203 9,880
Energy Intensive Industry 1,954 0 0 0 0 19 369 869 89 0 0 0 0 0 0 0 0 1,012 2,790 7,101
Other Industry 47 77 0 0 0 0 177 520 227 0 0 0 0 0 0 0 0 1,318 412 2778
Total Transport 0 31 0 0] 4669 0] 8297 1,643 106 1.824 4 0 0 0 0 531 160 12 0| 17,277
Road 0 31 0 O] 4669 0 1,797 0 106 0 0 0 0 0 0 531 160 0 0] 13,294
Rail 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12 0 12
Water 0 0 0 0 0 0 500 1,643 0 0 0 0 0 0 0 0 0 0 0] 2,143
Air 0 0 0 0 0 0 0 0 0 1,824 4 0 0 0 0 0 0 0 0 1,828
Total Other Sectors 0 0 0 0 0 99 279 125 2,486 0 0 0 0 0 0 0 of 5418 2,592| 11,001
Residential 0 0 0 0 0 93 0 0 1,523 0 0 0 0 0 0 0 0o 2818 2,408 6,842
Commercial 0 0 0 0 0 0 70 76 964 0 0 0 0 0 0 0 0] 2528 185 3822
Agriculture 0 0 0 0 0 7 209 49 0 0 0 0 0 0 0 0 72 0 337
Electricity Output in ktoe 4,238] 2,115 0 0 0 0 222 0 0 0 1,529 1,367 0 58 0 0 0 0 9,528
Installed Capacity of Power Plant in MW 81771 4263 0 0 0 0 2,952 650 0 0 3,957 2,478 0 26 0 0 0 0] 22,503
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Reference Case

2025

ktoe
Coal Nzt:sral COZS:nS Crude |Gasoline Kerce)sen Diesel | Fuel Oil| LPG |Jet Fuel (AEZ'is.e:Iii(r)w’; Hydro Ge:]:‘c:lwer Nuclear Rir;::va Bioztlhan Biodiesel Elec;ricit Biomass| Total
lIndigenous production 4,064 1917 471 37 0 0 0 0 0 0 O] 5307[ 14812 0 78 0 0 0 5770 32457
Import 10,515 2,544 Of 14584 2442 99 4654 292 2,878 752 4 0 0 0 0 0 0 0 0| 38,763
Export 0 0 —-471 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 —-471
Total Primary Energy Supply 14,579 4,461 o 14621 2,442 99 4654 292 2,878 752 4] 5307| 14812 0 78 0 0 0 5,770 70,750
Transformation Sector -12,252] -4,328 ol —14.621 2,724 0 5,362 3,212 748 1,400 0] -5307] -14.812 0 -78 588 173 9,362 0| —27,831
Electricity Plants -12,252] -4315 0 0 0 0 -124 —647 0 0 0| -5307| -14.812 0 -78 0 0| 11,486 0] —26,050
Petroleum Refineries 0 0 0] —14.036 2,724 0] 5486 3,859 748 1,400 0 0 0 0 0 0 0 0 0 180
Bioethanol Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 588 0 0 0 588
Biodiesel Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 173 0 0 173
Energy Sector 0 -13 0 —-585 0 0 0 0 0 0 0 0 0 0 0 0 0] -2,125 0] -2,722
Petroleum Refineries 0 0 0 —-585 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -585
LNG Plants 0 —-13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -13
Own Use in Electricity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 —827 0 -827
Distribution Loss 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0| -1.298 0] -1,298
Total Final Consumption 2,327 133 0 0 5,166 99( 10,016 3,504] 3,626 2,151 4 0 0 0 0 588 173 9,362 5,770[ 42919
Total Industry 2,327 71 0 0 0 20 639 1,517 460 0 0 0 0 0 0 0 0 2,745 3911 11,696
Energy Intensive Industry 2,272 0 0 0 0 20 433 973 121 0 0 0 0 0 0 0 0 1,139 3,409 8,365
Other Industry 55 77 0 0 0 0 207 545 339 0 0 0 0 0 0 0 0 1,606 503[ 3,331
Total Transport 0 55 0 0] 5166 0 9,078 1,874 118 2,151 4 0 0 0 0 588 173 13 0] 19,220
Road 0 55 0 0 5,166 0] 8411 0 118 0 0 0 0 0 0 588 173 0 0] 14511
Rail 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 0 13
Water 0 0 0 0 0 0 667 1,874 0 0 0 0 0 0 0 0 0 0 0] 2,541
Air 0 0 0 0 0 0 0 0 of 2151 4 0 0 0 0 0 0 0 0] 2,156
Total Other Sectors 0 0 0 0 0 79 299 113 3,048 0 0 0 0 0 0 0 0] 6,605 1,859| 12,003
Residential 0 0 0 0 0 72 0 0 1,863 0 0 0 0 0 0 0 0| 3407 1,726 7,068
Commercial 0 0 0 0 0 0 70 59 1,185 0 0 0 0 0 0 0 0 3,115 132| 4562
|Agriculture 0 0 0 0 0 7 229 54 0 0 0 0 0 0 0 0 0 83 0 373
Electricity Output in ktoe 5,367 2,497 0 0 0 0 230 0 0 0 0 1,833 1,481 0 78 0 0 0 0] 11,486
Installed Capacity of Power Plant in MW| 10,177 5,263 0 0 0 0 3,052 650 0 0 0] 4757 2,678 0 126 0 0 0 0] 26,703
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Reference Case

2030

ktoe
Coal Nzt:sral COZS:nS Crude |Gasoline Kerce)sen Diesel | Fuel Oil| LPG |Jet Fuel (AEZ'is.e:Iii(r)w’; Hydro Ge:]:‘c:lwer Nuclear Rir;::va Bioztlhan Biodiesel Elec;ricit Biomass| Total
\Indigenous production 4,825 1,132 278 37 0 0 0 0 0 0 Of 6,189 15354 0 99 0 0 0 5784 33,698
Import 13,143 3,394 O] 14584 2739 84 5175 602 3,525 1,090 4 0 0 0 0 0 0 0 0] 44341
Export 0 0 -278 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 278
Total Primary Energy Supply 17,968] 4526 o 14621 2,739 84 5,175 602 3,525 1,090 4 6,189 15,354 0 99 0 0 0 5,784 77,761
Transformation Sector —-15,315] -4,348 of —14,621 2,724 0 5360, 3,193 795 1,400 0] -6,189] -15,354 0 -99 622 178| 10,950 0] —-30,705
Electricity Plants -15,315] -4331 0 0 0 0 -126 —666 0 0 0| -6.,189( -15.354 0 -99 0 0| 13425 0] -28.656
Petroleum Refineries 0 0 0f —14,036 2,724 0 5,486 3,859 795 1,400 0 0 0 0 0 0 0 0 0 227
Bioethanol Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 622 0 0 0 622
Biodiesel Plants 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 178 0 0 178
Energy Sector 0 -17 0 —-585 0 0 0 0 0 0 0 0 0 0 0 0 0] -2475 0] -3,076
Petroleum Refineries 0 0 0 -585 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -585
LNG Plants 0 -17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -17
Own Use in Electricity 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 —957 0 -957
Distribution Loss 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o[ -1518 0| -1518
Total Final Consumption 2,653 178 0 0 5,463 84| 10,535 3,795 4,321 2,490 4 0 0 0 0 622 178| 10,950 5,784 47,056
Total Industry 2,653 77 0 0 0 21 728 1,617 620 0 0 0 0 0 0 0 0 3,154 4,620 13,490
Energy Intensive Industry 2,591 0 0 0 0 21 494 1,068 157 0 0 0 0 0 0 0 0 1,260] 4,029 9,620
Other Industry 62 77 0 0 0 0 234 548 464 0 0 0 0 0 0 0 0 1,894 591 3,871
Total Transport 0 101 0 0] 5463 0 9,492 2,075 124] 2490 4 0 0 0 0 622 178 13 0] 20,563
Road 0 101 0 0 5463 0| 8647 0 124 0 0 0 0 0 0 622 178 0 0] 15,136
Rail 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 13 0 13
Water 0 0 0 0 0 0 845 2,075 0 0 0 0 0 0 0 0 0 0 0] 2920
Air 0 0 0 0 0 0 0 0 of 2490 4 0 0 0 0 0 0 0 0] 2494
Total Other Sectors 0 0 0 0 0 63 315 103 3,576 0 0 0 0 0 0 0 0 7,783 1,163 13,003
Residential 0 0 0 0 0 56 0 o] 2,186 0 0 0 0 0 0 0 0| 3977 1,080 7,299
Commercial 0 0 0 0 0 0 70 46 1,389 0 0 0 0 0 0 0 0 3,713 83| 5301
Agriculture 0 0 0 0 0 8 245 57 0 0 0 0 0 0 0 0 0 93 0 402
Electricity Output in ktoe 6,949 2,466 0 0 0 0 237 0 0 0 0 2,138 1,535 0 99 0 0 0 0] 13,425
Installed Capacity of Power Plant in MW| 13,177 5,763 0 0 0 0 3,152 650 0 0 0 5,757 3,078 0 426 0 0 0 0] 32,003
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Appendix-4 Operation Manual for Demand Forecasting Model

1. Model Configuration

Demand forecasting model was developed on Microsoft Excel using Simple.E (regression tool) as Add-in
soft developed by the Institute of Energy Economics, Japan (IEEJ). Demand forecasting model consists of 3
model operation sheets and 13 table and graph sheets. Three model operation sheets are composed of
“Data”, “Model”, and “Simulation” sheets. “Data” sheet contains many necessary data for the model.
Model equations are in “Model” sheet. “Simulation” sheet shows the results of demand forecasting model.
Other 13 sheets show the table and graph of each sector for analysis.

45 | 45 |PSY Government Expenditure Million pesos 57,042 55,826 55,337 58,746 62,3
46 46 [PSY Fixed Capital Formation Million pesqFCF 172,951 143,047 154,252 166,397 150, 7¢
47 | 47 |Psy Export of Goods & Services Million pesqExXP 217,865 | 231,515 | 241,471 256,451 307,20
45 | 45 |PSY Import of Goods & Services Million pesqIMP 269,145 | 266,139 289,273 322,548 369,30
49 | 49 |psy Statistical Discrepancy Million pesos 10,205 3,485 -4,315 -3,479 -14,7¢
50 50 (PSY Gross Domestic Expenditure Million pesqiGDE 720,690 0 716,522 716,941 734,156 766, 3
51 51

52 | 52 |ADB IIF Production Index {Manufackuring) 1975=100|IIF 07,7 920.4 9519 10259 1120
53 | 53

54 | 54 |ADE |Price Exchange Ra Exchange rate (Average of period) Peso/lUS$ |EXRA 24.3 275 25.5

55 55 |ADE Price index | WPL 1995=100[WPI 558.9 £9.0 71.6

56 56 [PSY CPI (fixed for projection) 1994=100|CPI 47.2 55.6 60,0

57 | 57 |ADE — v P 108100 BODE lao o 124 188.0

44| M Data / Model £ Simulation £ Bin and & Ol fTPES / dericulture £EI Mg /Gen Mfg,(Oomp(Res,(TransFueléElectric P0u|ﬂ>

BEGEE® - & &\ -tr7u- N N OOCEHEJ4A D - ¥-A-==o8a -

N

Model Operation Sheets Table and Graph Sheets

2. Data Entry
(1) Data sources

There are many data such as ADB (Asian Development Bank), PSY (Philippine Statistical Yearbook), IEA
(International Energy Agency), EPPB (Energy Policy and Planning Bureau, DOE), etc. in “Data” sheet. Data
sources are shown in column F in “Data” sheet. When you update future data, refer to these data sources.

Data Sources

E1 Microsoft Excel - DFM Feef 080708
B e LB REE/ETW BADQ ER0 YD F-80) 0w ALFH Adobe PDF(ED

|
DS/ RY iR - @ &85 Ma™ -0,
rcanr/ < =[ 5785
E | FF| & | H [ I [ 0 | K AC
1 TREND 18
2 |E F G H I J TIME 2007
3
4 4 |ADE |Economy |Populakion  Population {as of July 1) rmillicon POPL 83,45
5 5 Growth rate % 1.70%:
f & |ADE IUrban Population: UEMNPOP UBMPOP 43,16
7 7 IUrban Population Ratio UBMPOR, 43.8%
] &

(2) Data update
This “Data” sheet contains actual data up to 2007. To use this model in the future, some data should be
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updated every year. The followings are data to be updated.

Population (Row 4/ADB)

Labor force (Row 9-14/ADB)

Average income per family (Row 18/PSY)

Average expenditure per family (Row 19/PSY)

GDP (Row 22-32 and 38/PSY)

GDE (Row 44-50/PSY)

1P (Row 52/ADB)

Exchange rate and price index (Row 54-58/ADB, PSY)

Energy prices (Row 68-79/EPPB)

Sectroral data of energy intensive industries (Row 125-157 except Row 135, 137, and 139/PSY, ADB,
WWW.psma.com)

Household energy use (Row 160-165/EPPB)

Number of vehicles (Row 169-183 except Row 175/PSY)

Fuel consumption for transport (Row 214-220/EPPB)

Data for railway (Row 222-227/PSY, EPPB)

Data for marine (Row 229-237 except Row 233-234/PSY, EPPB)
Data for air (Row 239-246/PSY, EPPB)

Energy data for Agriculture (Row 256 and 265-271/EPPB)
Energy data for Energy Intensive Industry (Row 275 and 291-297/EPPB)
Energy data for Other Industry (Row 301 and 310-316/EPPB)
Energy data for Commercial (Row 320 and 329-335/EPPB)
Energy data for Residential (Row 339 and 349-355/EPPB)
Energy data for Transport (Row 359-369/EPPB)

Losses of power sector (Row 395 and 398/EPPB)

Generation mix (Row 402-408/EPPB)

Primary energy for power (Row 427-436/EPPB)

Traditional non-commercial energy (Row 442-480/EPPB)
Energy for Energy Intensive Industries (Row 529-641/EPPB)

(3) Enter formula
In addition to actual data, some formulas should be entered every year. These formulas are same as

previous year. The followings are formulas to be entered every year.

Energy Indicators (Row 105-122)

Real price for major industries (Row 135, 137, and 139)

Passenger car and truck equivalent (Row 175 and 184)

Diffusion rate and mileage (Row 186-200) Note: Only row 192 and 197 in 2006 are exogenous
variables because something is wrong with actual data.

Gasoline and diesel consumption for transport (Row 202 and 208)

Electricity ratio and Price mix factor of commercial energy (Row 257, 259, 276, 285, 302, 304, 321,
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- After EEC and Price Effect for transport (Row 359-373)
- Final Energy Consumption (Row 376-391)
- Composition of power generation mix and thermal efficiency (Row 411-424)

- Total Primary Energy Supply (Row 491-527)

x4 Microsoft Excel - DFM Ref 080708

|@ 7B WEO phter formula \
|23 27 |8 A= - —8

DEHa@RY|[spRS o-o- @z atlilmas -0. Yo .
= O 6@ RN | e m O:¥Fwﬁ%§mﬁ£",lb~—:?¥JIOP.;WE)¥2UUB$E¥%E)§:3§1&§E§¥-‘\_ |

AC223 4| = \

RS T w1 0 P =DV =00 24 1 24 =

E|F | & [ H | [ 40 | =k AB [ Ao\ [ ]
1 TREND 17 19
eE F G H I h] TIME 2006 2007 2008
181 | 191
192 19z Milage Gasoline Milage before EEC per PC Equiv. TOE GAMLEE 1.462
183 | 193 Curnmulative Price Elaskicity Fackor PCFGA 100, 00%: 100, 00§
184 194 Cumnrulative EEC Fackar ECFiaf 100, 00%: 100, 00§
195 | 195 Gasoline Milage after EEC & Price Effect TOE GAMLAE 1.330
196 196 0.00
197 | 197 Diesel Milage before EEC per Truck Equivalnet TOE DEMLEE 10,800
198 | 195 Curnmulative Price Elaskicity Fackor PCFDE 100, 00%: 100, 00§
189 199 Cumnrulative EEC Fackar ECFDU 100, 00%: 100, 00§
200 | 00 Diesel Milage after EEC & Price Effect TOE DEMLAE 9.007
2m | 201
20z | 202 Fuel Gasoline Type Tokal incl, Ethanol and Others ETOE TRGTTO 27381 2836
203 | 203 Gasopline Fuel Conversion Rate
204 | 204 iz “fa TRGYER 0,00%: 0,00%: 0.01%:
205 | 205 Data update B TRGLFR 0.15% 1.56% 2.00%
206 | 206 Ethanol “a SETR. 0.00%, 0.00%, 0.00%:
207 | 207
208 | 208 Diesel Tvpe Total incl. Bio-Diesel and Cthers KTOE TRDTTO
208 | 209 Digsel Fuel Coreversion Rate
210 210 ChiG e TROMGR,
211 211 LPia “a TROLPR
el 212 Bio-diesel a TROEDR
213|213
214 214 NG KTOE TRROCH 0.0 1 1]
215 | 215 LPia ETOE TRROLP 4.0 445
216 | 216 Gasoline KTOE TRROGA 2,732.6 2,76945
21T 217 Ethanol KTOE TRROET 1.4 A0
e1s | 218 Diesel KTOE TRRODI 3,900.3 4,904 9
214 219 Bio-diesel KTOE TRROBD 0.0 1 1]
2en| 220 Takal ETOE TRROTO G,635.4 BT 1
221 221

(4) Assumptions

To estimate future energy demand, it is necessary to set up some assumptions such as GDP, population,
energy prices, etc.  The followings are some assumptions to be entered up to 2030.

- Population (Row 4,7 and 17)

- GDP (Row 22-32 and 38)

- GDE (Row 44-50)

- Exchange rate and price index (Row 54-58)

- Energy prices (Row 68-79)

- Household energy use (Row 160-165)

- Gasoline and diesel conversion rate (Row 204-206 and 210-212)

- Losses of power sector (Row 395 and 398)

- Generation mix (Row 402-408/EPPB)
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change these assumptions, you should enter your assumptions on the above rows.

- Energy for power plants (Row 435-436)

JICA team set up these assumptions on the “Data” sheet by each case study. However, if you want to

(5) Working Assumptions

This forecasting model can evaluate impacts of energy prices and energy conservation.

In this case, you

can change working assumptions such as price elasticity and annual EEC (Energy Efficiency and

Conservation) promotion on row 83 to 102.

EA Microsoft Excel - DFM Ref 080708

|E] 774 L) REE #TW FAD 2@ w-u@ F-RO 2EOW AJLHH Adobe PDF(E!

% 07 |[B By rram- B

DEHS SRV BRI o -

@ = £ 4% e

'El,|

J Tahoma

= 1

B I L

= 00| aa s

TEENIG) -

] || C¥BRBEIRER 1)) —.I0A 1) - ¥00BE EHEE AR - _|

AF107 | =
E | F G| H [ | ] 3 A AD AD AE AF

1 TREMND 17 18 19 20
_e |E F G H 1 i TIME 2006 2007 2008 2009 2010

a1 31
88 | 82 Price Elasticities Transportation Seckor Y | e ————
&3 | a3 Gasoline Yehicle Milage i GAFELS 0.00 0.00 0,10 0.10 -0,
84| o4 Digsel Yehicle Milage e CIPELS 0.00 0,00 0.10 0,10 -0,
.88 | @5 Marine Fuel k] MFPELS 0.00 0.00 0,10 0.10 -0,
.86 | 86 Avitation Fuel Yo AVFPELS 0.00 0.00 0.10 0.10 -0,
_&¥ | ar Aaricultural Seckar k] AGPELS 0.00 0.00 0,10 0.10 -0,
.88 | &8 Energy Intensive Industry W IIPELS 0.00 0.00 0.10 0.10 0.
_89 | &9 Other Manufacturing k] IOPELS 0.00 0.00 0,10 0.10 -0,
4o 90 Commercial Seckar Yo COPELS 0.00 0.00 0.10 0.10 -0,
a9 Residential Sector o REPELS 0.00 0.00 0.10 0.10 -0,
(92| 92
a3 93 Annual EEC Promotion | Transportation Sector
94 94 Gasoline Vehicle Milage o EECGAM 0.0%. 0.0% 0.5% 0.5% 0!
95 | 95 Diesel ¥ehicle Milage o EECDIM 0.0% 0.0% 0.5% 0.5% a.!
(48 | 96 Marine Fuel o EECMF 0.0%. 0.0% 0.5% 0.5% 0!
ar | 97 wiation Fuel o EECAVYF 0.0% 0.0% 0.5% 0.5% a.!
48 | 93 Agricultural Seckor o EECAG 0.0%. 0.0% 0.5% 0.5% 0!
88 99 Energy Intensive Industry o EECIT 0,0% 0.0% 0.5% 0,5% 0!
oo 100 Other Manufacturing o EECIO 0.0% 0.0% 0.5% 0.5% 0.
Ao 101 Commercial Sector e EECCO 0.0% 0.0% 0.5% 0.5% 0!
Aoz 10z Residential Sectar i EECRE 0.0% 0.0% 0.5% 0.5% 0.
1inal 1n
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3. Model running

After enter necessary data, click M|, then click

ALL THROUGH

PSS AR D EOM ~)LHH)  Adobe PDF(ED
a JIF_ILI Iﬁ =ah ﬁ
[o57 @ = A 83 '@,| | Tahoma -1 .
3+ | ]| CHRRBEHRRL L% JICAD- L2008 EVEE AR ~
I T w T m [ =
TREMD 17 18 19 :
2007 2008 2009

Lion Seckor
Wehicle Milage
zhicle Milage
‘uel

1 Fuel

Seckor

ansive Induskr,
IFacturing
Seckor

Seckor

kion Seckor
Wehicle Milage
shicle Milage
‘uel

Fuel

Seckar

znsive Industry,
JFacturing
Seckar

Seckar

ansive Induskry
skry per MFg Gl

ISimplEE

BLATH I&aphlﬁmelaﬂmlSwﬁnﬁt_‘rl
Main Flow

Simulate

Check & Solve | ! olve & Simulate

C ALL THROUGH | )

™ Link Single Flow [=ah]

Sheets Names | Additioal Data Sheets |
Data Sheet (Source #0)  Kodel Sheet

| Data = | Moce

Simulation

=] | simuiation

=

Create Simple E Worksheeis

Audd to Mew Workhook | Add to Active Workhook |

-0.10
-0.10
-0.10
-0.10

-0.10
-0.10
-0.10
-0.10

0. 5%
0,5%:
0,5%
0.5%
0. 5%
0,5%:
0,5%
0.5%
0. 5%

Simple Econometric Simulation System by IEE

| TIEJFESD |I'LUkJUI" | LoZd
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4. Result of simulation

After running the model, you can see the results of model simulation on “Simulation” sheet. Red figures
show the results of model equation.  Pink figures show the figures that are estimated by Simple.E using linear
trend automatically.  Black figures show the figures defined in “Data” sheet.

DeEagRy sadd o o o= s 8lzl@e™ -@. | -1 -|B I U=
[« 5|0 B @@ sxcnn - | B0 - | | CHRIEES) —T+I0A0 L REE R ARREY - _|

ADE52 =] = 0.000

E | F | G H | 1 [0 T K Ad | AE | AC | AD | AE |
1 TREND 16 17 18 19 20

2 |E F G H I 3 TIME 2005 2006 2007 2008 2009

135 | 135] I I Food at re_a| price 1994=100|RYIFO 156.6 155.0 169.2 151.2 1939
136 Products 1994=100|%ICC 360.3 3505 3555 427.9 473.0
1]l Forecast by model equation TTTTE TR oo | s 286.3 294.8
138 | ks 1994=100|¥IPP 153.4 195.3 2120 229.4 249.3
134 | i 1994=100|RYIPP 152.1 150.5 164.7 179.7 197014
140 140 |Quarterly Economic IndiqGross Rewve Food 1978=100[GRFC 12,725 13,625 14,530 15,433 16,335
A4 | 141 (GQET Paper & paper products Rele= =S a0 o > 2,094 2,107 2,120 2,133
A42 | 142[QEI Chermical & chemical products 1975=100)GRCC 5,955 6,305 6,625 6,949 7,269
143 | 143|0FEI Ferrous 1978=100|GRFE 19,614 = SR
d44| 144 Ferrous at real price 1975=100|RGRFE 15,111 15,342 16,572 17,895 19,4587
145 | 145 [www,psma,com.ph Production Raw sugar production Lon EEESE ‘iﬂ.ﬂﬁ 2,254,636 | 2,415,886 | 2,577,132 [ 2,758,361
146 | 146 (ADE Cement 1,000 ton |PRCE 12,368 12,033 13,099 13,763 14,475
147 147 Steel: PRST
A48 | 148 Paper: PRPE
149 149
150| 150(PSY Building Building Mo, of Residential building
151 | 151|P3Y Mo, of Non-residential building MONRE 11,464 14,086 14,470 14,854 15,238
152 1 I repait) building
163 1 : LICTE, Lo A & 97,425 100,549 103,873
154] 1 Forecast by Simple.E L buiding 1,000 m2 B
185 1 enitial building 1,000 mz |FANRE 5,234 6,025 6,112 6,199 6,267
156 | 156 [PSY Floor area of Alkeration andfor repair building 1,000 mz2
187 | 157 [PSY Floor area of Total building 1,000 m2 |FATE 14,234 14,653 15,022 15,392 15,762
158| 158
159 159 Household Energy Use
160| 160 Household Using Energy HHs Electricity Users million ELHPOP 13.62 13.91 14,30 14,70 15.11
61| — million LPGHPOP 9.35 9.57 10,35 10.95 11.53
A6z 1 . million KERHPOP 9,45 o, 9.29 9.13 §.99
16| 1| Assumptions milior_|FWHPOP 949 9‘% 9.76 9.62 9.49
164 1 million CHPOP 5.91 6,00 6.12 6.23 6,34
165 | 185 | HHs AQH residues Tsers mrillion RESHPOP 3.1 3.05 2,94 2.54 273
166 1AR

However, it is very difficult to check the model results from “Simulation” sheet only. So, we added 13
table and graph sheets for analysis.

45 | 45 |PSY Government Expenditure Million pesos 57,04z 55,526 55,337 55,746 B, 5
46 | 45 |P3Y Fixed Capital Formation Million pesqFCF 172,951 | 143,047 | 154,252 166,397 150,7¢
47 | 47 |PSY Export of Goods & Services Million pesqExP 217,865 | 231,515 241,451 256,451 307,20
4% | 48 |PoY Import: of Goods & Services Million pesqIMP 269,148 | 266,139 | 289,273 322,548 36,3
48 | 49 |PSY Skatistical Discrepancy Million pesos 10,208 §,455 -4,315 -3,479 -14,7¢
80| 50 |PSY Gross Domestic Expenditure Million pesqGDE Fan,e90 | 716,522 718,941 734,156 7G5
51 a1
B2 | 52 |ADB P Production Index {Manufackuring) 1975=100|IIP a07.7 9z0.4 951.9 1025.9 1120
53 53
54 | 54 [ADB |Price Exchange Ra Exchange rate (Average of period) PesofllS$ |EXRA 24.3 27.5 25.5 27.1 26
85 | 55 |ADE Price index | WPL 1995=100|WPI 55.9 B59.0 71.6 71.5 77
86 | 56 |PDY CPI (fieed for projection) 1994=100|CPI 47,2 55.6 &0.0 63.3 68
57 57 [ADE GOP Deflator 1ASE=10R L COODE Lin o 124 155.0 200.5 220

W]« [» [pI]} Data {Model {Simulation
| EREOERE - b & AW N N OO

\_ Table and Graph Sheets

When you open these table and graph sheet, it is easy for you to check the simulation results on each sector.
These table and graph sheets are linked to the “Simulation” sheet.
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Appendix-5-1 Operation Manual of Optimization Model

1. Import Demand Data into Optimization Model
There are many case studies in Holder of “optimization model (philippines) as following figure.
After you open “ref” Holder, you can find “input-data.xls”.  Then, double-click for open.

@@Zatinn model (p@ Freight-csv
BaT GAMS1.PUT
) E20 %heat-value.csv
impark. csy
E EEE < : input-data xls e
|- Highrowth #4 linkerest. csv
I HighPrice =] kt_kboe.inc A
I LowiErowth Inad_min.u:sv ouble clic
55 LawPrice #)merge_cons_min.csv
I3 nuclear-LMGFix Emerge-hranch-set.csv
[T Muclear-LMGFree E]mErgE-EDns-max.csv
[ REZ Ejmerge-cnns-min.csv
) merge-max.csv
) RefCapz 8 merge-prd-mas, csv
I 5-EEC Emerge-set.csv
) s+HighPrice Emining-max.csv
2 et 0T BALANCE TAREKICE ..

Next, click Enable Macro

Ed Microsoft Excel

JEiIe Edit Wiew Insert Format Tools Data Window Help

IDeda|gRY|sBR|o-|@= 2 Mmd 2

| = =

Microsoft Excel

C:¥Documents and Settings¥NPC-09%T A4 v f¥aptimization model
{philippines¥ref¥input-data, xls contains mafros,

Macros may contain viruses, It is always $afe to disable macros, but if the
macros are legitimate, you might lose sorfe Functionality,

Enable Macros ) More Info |
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Then, open “demand-sec” sheet.  This sheet contains energy demand data.

o ZU0E (Who e U . DY4E L0424, /{04, 32/ U035 4410,/ /1
16 2019 whole 104.1104 2764.460 1 4.327157 4645 .49
17 2020 whole 108.3749 2908.537 4,327202 4668.74.
G048 3060.873 4.3272724 4784 34
Open demand-sec L9494 .327254 14891 .84°
7664 333N486 4.327232 4991114
T T T . /645 3481 N B8 4.377/741 B08Z.0
27 2025 whole 132.709% 3625, Q11 4.327243 5165. 80¢
23 2026 whole 147 .0393 3766. 087 4.327243 b741.27
24 2027 whole 151.2468 3907.27\ 4.327243 b3038.b0¢
2h 2028 whole 160.3307 4046.5N4.327243 b367.67.
7B 2079 who |l e 169.79 4184 . 5358\ . 8377744 54718 . 94!
27 2030 whole 178.1238 43720.63 X.327244 5462 .65t
28 |[fontext
?9 |Data comes from f
30 [ line no=464 comme

Rearks

Next, open Reference Case of Energy Demand Forecasting Model, DFM Ref.xls.

Open DFM Ref.xls

Open “Simulation” sheet and select final energy consumption from Coal to Fuel Qil from 2006 to
2030, AB376:AZ386.

365 365 1O e IEEEL ] 1,003 1,125 1,132 1,184
366 | 366 . KTOE  |TRFKE 0 i i 0
367 | 367 2. SeleCt AB3 76AZ386 KTOE  |TRFDI 4,210 5,053 5,357 5,538
368 | 368 KTOE  |TRFED 0 [i] St 108
369 | 369 KTOE ___|TRFFO 406 1,351 1,300 1,166
370| 370 Peroleum Products Total KTOE [TRFPP 60 10,369 11,073 11,404
371 | 371 Fassil Fuel Total KTOE  |TRFFE g, 10,369 11,074 11,408
372 372 Electricity KTOE  |TRFEL ] ] 10
373| 373 Tatal KTCE  |TRFTO 5,368 W__ 10,378 11,084 11,416
374 374 \

375 | 375 Final Energy Consumption

376| 376|EPPE Coal KTOE  |FECO 1,175 235 1,270 1,323
377| 377|EPPE Matural Gas KTOE  |FENG 53 77 78 a0
378| avs|errs LPG KTOE  |FELP 1,008 1, 1,319 1,431
370| 379|EPPB Aviation gasoline KTOE  |FEAWG 3 4 4 4
380| 350|EPPE Gasoline KTOE  |FEGA 2,73 2,789 3,164 3,168
381| 331|EFFE Ethanal KTOE  |FEET 1 z 1] 170
382| 352|EPPE Jet fuel KTOE  |FEF 1,003 1,125 1,132 1,184
383| 353 EPPE Kerosene KTOE  |FEKE z22 200 193 184
384| 304 EPPE Diesel KTOE  |FEDI 5,082 5,376 5,913 6,108
385| 365 Bio-diese! KTOE  |FEBD 0 0 51 108
386| 386 EFFB Fuel ail KTOE  |FEFO 1,606 2,453 2,475 2,365
87| 387 Petroleum Products Tatal includ — = 13,022 14,252 14,722
388 | 388 Fossil Fuel Tatal 556 14,337 15,600 16,124
389 | 389 EFPB Electricity : : 928 4,129 4,281 4,528
300 390 EFPE Grand Total 1. Open Slmulatlon 514 18,466 19,580 20,652
391 | 391 | Fossil FughR.atio

392 | 392 Power Sector Balince

393 | 393 Pawwer Plank

394 | 394 Pawier Supply Pawer Demand KTOE  |PWDTO 3,907 4,129 4,261 4,528
306 | 395 TransmissionjDelivery Loss KTOE  |PWTDL 592 530 649 683
398 | 395 T/D Lass Ratio % PYTDLR. 13.2% 13.1% 13.0% 13.0%
397| 397 Power Demand Ex-Power Station KTOE PWEXPS 4,499 4,809 4,982 5,265
388 | 398 Crin Use KTOE  |PwoL 423
380 | 399 Cran use Ratio % PYWOLR

A
[ERERICAN) \Data.{Mod‘ :Simu\ation i’ummarg.{Sugglg.ﬂ.Fina\ Demand & Qil {2.Final Demand b Sector,] 4
Ready | Bum=03623 I
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Then, click “Edit” on menu bar and select “Copy”.

£ Microsoft Excel - DFM Ref.xls

J File | Edit “iew Insert Format Tools Data Window Help

JD @ <2 Can' Uydo ChrlHZ EEJ o - > £ A

] Can't Bepeat  CEREY ST
Al ST Select Copy
E ¥ cu AN
1 =
: | G2
360 36 [, paste i
361 | 36 .
562 | A Paste Special... o Gasaline
363 | 36 Paste as Hyperlink Le
364 | 36 bl
365 | 3A Fill (N
368 36 Cegr (il

Next, open “input-data.xls” file again and click “demand-sec” sheet. ~After that, set cursor on Cell
C3, then, select “Paste Special” on “Edit” menu.

E Microsoft Excel - input-data.xls
J Filz | Edit Wiew Insert Format Tools DataNindow Help

& %3 Can't Und Chr4-2 - '
J O = ant: U 2 El| bk M‘ﬂl 1. Open input-data.xls

L CantRepeat G [175 0765026

4 o Chrlx C | 0

B Copy i [ .
% ‘ar " - | UE 4. Select Paste Special
3 Paste as Hvpetlink
4 3. Set cursor on C3
5 Fill
6 Clear

ange-rate ,{séleg—pr ice G 2. Open demand-sec sheet

Check “Values” and “Transpose”. Then, click “OK”. Fossil energy data is copied into
“input-data.xIs”.

N c | o | E |

1 |* demand KTOE KTOE KTOE KTOE P

S % Coal gas LPG ;
_3 | 2006 who l e L 175.077!52.56434 1007 .862 .
4| TR el 1070 L
5 | - /25508 1319 245 | 1. Check Values
i Lol P Comments 10011431 .215
7 W) e " Yalidation 3143 15h6. 241 .
8 ﬁ@ Al exeept borders 1697 1692 735 .
L Olf" F:rmal;s  Column widths 11892/1871.3
10 P . YZ75 T950.5 2. Check Transpose
a1 m fe Ausioon | i
12 ]  Sublract _ 3409 2208, 203 -
18 Bh38 2344 403 .
14 I™ Skip blarks 7408|724
:11—5 Paste Link | Cancel I ?104 271 3 Cth OK

17 AN b | [ornt 1e21na 2740 p0ng mao
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Next, you should import electricity data and non-commercial energy data from “Energy Demand
Forecasting Model” same as fossil energy before as follows.

e
E2 Microsoft Exce! - DFM Ref.xls

J@ File Edit Wiew Insert Format Tools Data Window  Hems

ID2Ee gRY|(iba - &z s @e?”

1. Open DFM Ref xls again

J Taharm

AB389 v! =| 3027.8068845
E | F |0 [ ok AB | Aac | AD

1 . 17 18 1
2 E F 3. Select AB389:AZ389 1\ 2006 2007 2008
| 380 | 350|EPPE KTOE 2,733 2,759 3,164
| 381 | 351[EPPE KTOE 1 2 C
| 382 | 352|EPPE Jet Fuel KTOE 1,003 1,125 1,132
| 383 | 353 EPPE Kerosens KTOE ZZ2e 200 192
| 384 | 354 EPPE Diesel KTOE 5,082 5,376 5,91
| 385 | 335 Bio-diesel KTOE 1] u] 51
| 386 | 356 EPPE Fuel il KTOE 1,606 2,433 2,47t
| 387 | 387 Petraleumn Products Total including Bio-Fuel KTOE 11,655 13,022 14,252
| 388 | 388 Fassil Fuel Takal KTOE 12 586 14 337 15 600
389| 359 EPPE Electricity KTOE 3,925 4,129 4 251
| 3890 | 390 EPPE Grand Total KTOE 16,514 18,466 19,580
1301 | 391 | Fossil Fuel Ratia e
202 | 302 Power Sector Balance
1393 393 Power Plant . .
| 394 394 Power Supply Power Demand 2 Open Slmulatlon ,907 4,129 4,281
| 395 | 395 Transmission/Delgery Lass gaz 630 648
| 396 | 396 T/D Loss Ragh 3.2% 13.1% 13.0%
| 397 | 397 f KTOE PWERPS 4,499 4,509 4,952
398 | 395 KTOE Pl 364 358 401
[« [» [n]Data fMode]

Reardy

£4 Microsoft Excel - DFM Ref.xls

J File lﬁ Wiew Insert Format Tools Daka Window Help
|0 @ cantlnds Corlez
Y L3 CantRepeat el VAEE
[ T

Select Copy

| =z ¢ <G | D1
[60] 50 6 pote 2T
361 | 36 )
E 36; Paste Special... n Gasoline
363 36 Paste as Hypetlink e
364 | 36 I
B Fill b El
366 | 36 Clear » fne

Ed Microsoft Excel - input-data.sls
J Eil= | Edit View Insert Format Tools D3 Window  Help

|0 @ 2 canftldo cidiz _E, é| = \I.Q, > & 2Ll

3 Cant Repeat  Chrly 597 AOGER4E
2o Chrl M N | [l

: Lasy Ctri+c KT 1 LE .| 4. Select Paste Special
e — [Fuel oil

1606.218 657,358

1. Open input-data.xls

Paste as Hyperlink

Fl | 12475455 428061 500( 3. Set cursor on N3

Clear "| |2366.015 4b27.925 5900+

Delete, ..

Delete Sheet

Mrwe nr Camse She

2. Open demand-sec sheet

OO0 [ 0| O] = | QD -0 —
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23 Microsoft Exc =l - DFM Ref.x);

A B Mo N [ o
1 |* demand KTOE KTOE KTOE KTOE
2 |x X Fuel oil el RE
3 2006 whole 1606.213]392/.80/15652
[oYe et N — [ R e Yo B o W Yo S e = U =T
;e TR 20— | 1. Check Values
6 | . " Comments 255900
7 l \Talidation 1165900
3 Al except borders 3716840
g i ormats " Column widths ﬁ%—
0 | O';fraN“m —— / 57 E565 2. Check Transpose
11 | 2 SR 112 b851
12 = o |93 5340
13 84 b333
14 I Skip blanks 73 5870
15 f Pasio ik | r34 5316 3. Click OK
16 — b5 5306
17 2020/whole [3166.80217759.944 5794

;J@ File Edit Wiew Insert Format Tools Does

IDzRaaRY & 2@

U

T e

1. Open DFM Ref.xls again

AB4B0 | =| 5652 33256150457

E] ¢ T & T w ] . T B ]
KN TREND 17 18 19
2 E F G H 1 b TIME 2006 2007 2008
472 | 473 [ [
474 474 (il TR— KTOE  [RERH i i 0.0
|475 | 475 |EPPB — RECH 541.6 546.0 539.0
1476 | 476 |[EPPE 3. Select AB488:AZ488 KTOE \ REFW 3227.0 3100.4 30605
1477 | 477 |[EFPB KTOE EBA 0.0 0.0 0.0
1472 | 473 |EPPB KTOE R 326.8 308.3 304.4
1479 | 479 |EPPE finimal waste KTOE  |REWwW 0.0 0.0 0.0
1430 430 Mar-commercial Tatal KTOE  |REE 4095, 4 3954.7 3904,2
481 | 481
|482 | 482 [EPPB Total MonOcommercila En - Rice hull KTOE FERH \ 45,1 45.4 51.0
1483 | 433 |EPPB Charco LloE.  |FECH 654.0 690.7 681.9
| 434 | 434 |EFPB FEFW/ 3526.9 34041 3377.7
1485 | 435 |EFPE Bagasse] 2. Open Simulation FEBA 7397 769.3 1132.4
| 486 | 436 [EPPB Agricultus FECR 638.1 632.1 £51.3
1487 | 487 [EPPE Animal . FEAW 15.6 16.2 5.8
488| 458 Mon-cormmercial Tokal BFETC . 2 -
488 | 489
490 490
1491 | 491 TESCO . . .
492 | 492 TESNG ] . 23623 . 2820.7 1 2901.9.
493 | 493 TESLP 1007.9 1073.5 1318.2

TESAG 3.3 3.8 4.1

Ed Microsoft Excel - DFM Ref.xls

494 | 494 Aviation gasoline
Data £ Maode| it lat oA S0 mar

J Eile IH Wiew Insert Farmat

Tools Daka Window Help

:J [0 @ “* CantUndo hrl+Z Select C
Al ¥ Cantt Fepeat  Ghrl+y 1 TE.D?EI elect Copy

1 E ¥ cut crofl | '

L E I

360 | 36! [ paste Chrl+y

3611 36 Paske Special

362 | 36 =RiE Lo n Gasoline

363 | 36 Paste as Hyperlink. he

364 | 36 bl

365 [ 30! Fill kL

265] 36 e e

Ab-1-5




FA Microsoft Excel - input-data.xls

J File E Wiew Insert Format Tesls Dats Window Help
BV = Mz A8 im @ 2
O Cathered St 1652332081 60407 1. Open input-data.xls
¥ oo Chrl4+x M | 0 |
1 [:B2 Copy Chri+C KTOE kL TOE
R — 0 4. Select Paste Special
3 ] Paste Special. ..
Faste as Hymerlin
P 4128.777 Boo0-
D Fll" : 4¥80.61 5300.119 3. Set cursor on 03
6 | 4527.925 5900. 174 —
ol 4816.416 5900.638
§ Mowe or Copy Sheet... - 2. Open demand-sec sheet

rate fzales—price

R N D
1 % demand KTOE KTOE KTOE
2 |x X el RE
3 2006 whole 89%27.607|b652. 333
4 2007 whole 4128.777 bhol.73b
5 f’?lﬁll’-\lo vl | Ao 21 Eﬁﬁl;l ; 'Ig
2 ; Pase = -~ é ; 1. Check Values
I - S 69
g I w " all except borders 104
10 ' " Formats " Colurnn widths Fhe
11 | Cpeilien 4L 2. Check Transpose
17 v % Mone  mulkiply ¥

. " Divide

] 3 e gsstract e ] 3
14 72
} g T Sp ks Z fisaotag] 0/
1 7 - Paste Link | “ Cancel | 8? 3. Click OK
18

YU T who le RI7H BATTH /89 A8

Now, you have imported energy demand data of Reference Case from “Energy Demand Forecasting
Model” into “Optimization Model”. The above procedure is the same in cases of BAU, High
Growth, Low Growth, EEC, S-EEC, Vehicle-plus, E20, and E85. However, in cases of High Price,
Low Price, and S-High Price, you need to import price data from “Energy Demand Forecasting
Model” into “sale-price” sheet in “Optimization Model” in addition to energy demand.

Moreover, in case of nuclear-LNGfree, nuclear-LNGfix, RE2, and RefCap2, you have to change
assumption of “base-sup-el”, “capacity”, and “merge-cons-max” sheets. Specialized experience is
needed for this assumption setting.

_g— —  — S—
. - i . N N =
City #Eaeamtﬁ own— & Azalez-price ). demand-zec {faze-zup-e XYool t @€meree—cons—max) merge—
—
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After you finish importing necessary data into “input-data.xls”, click “Save File”.

“input-data.

xlIs” as follows.

E3 Microsoft Excel - input-data.xls

B Fle Edit Yew Insert Formot Jook Deta Window Help

Then, close

DzE 4= N w6 =
L] . . —
Click Save File [ [NF_ T @ |
T x d E S
VARES X el RE - ~,
| 3 | 2006 whole 3927.807 bBbh7.33
| 4 2007 whole |4128.7775560.734 Save File
| 5 | 2008 whole 4780.61 6900.11
| B | 2008 whole 4527.976 6900174
| 7 2010 whole 4816.416 5300.638
18] 2011 whole 5097 .6837 5890.669' _|
9 3012 whole |5372.017 5879.404
0 2013 whole 648 052 h8RH 753
| KTOE KTOE KTOE i
% el RE / Click Yes
iwhole 3927.807/5652.333 4
"whole 4128.777 5660.730 Save File
twhole 4280.61/5900.119
1whole 427,925 5900.174
] WhO|e MiCI‘DS'HEl T il
whole
*whole i & file named 'C:¥Documents and Settings¥Npg#0o¥ T 24 -y ¥optimization model (philippines)¥ref¥input-data. s’
twhaole \‘) =" 4
-whole
vwhole 5 A3 0880 T
iwhole 6b21.984 5833.613
Pl A rROTER 072 R0OOR 077 .
Click Yes
011 | whole 5082 .832 5830.669
012 whole 5372.017 5879.404
013\ whole 5648.052 5865. 753
014 whole 5928.412 5851.794
[]15 Micrnsn[tExceI LI
8 } g xpg : E A‘Filedname_dt‘c_:¥choc|i|me|?ts arlsd Settings¥NEZ 9‘¥:T"7_\t§ Iy F¥aptimization model (philppines ¥refédemand-sec. csv'
already exists in this location. Do you wany® replace it7
018 whole P
019 whole <> e |
020 whole 77069.944 5794 587
021 whole 8078.641 5789.058
022 whole 8398.574 57/83.534
023 whole 8718.802 ©7/78.322
N7 4 lwhnle GN3R 4RRIR773 4NR
S S I Click X, close Excel
i -lBru|l===
o [ p | o [ R I*
KTOE
RE
7 5662.333 |
7 5560.735§ Save File
15900.119,
5 5900. 174
6/5900.638
25890, 669
t | L | ¥l | 14 | U r
TOE KTOE  KTOE KTOE KTO Click No
iesel |bio diesiFuel oillel
J81.8561 01606.213 3927 .80/0602.333
375 =7 [aREs N A=Es TN atay | A 10m R e el o T 5 S
3192 Microsoft Excel x| 19 av
3 ] 08 bu made ko 'demand-sec.csy'? 4
445, 8
750 Cancel | 9
J49 . 309 170, U351 Z000. 265 037 2. 017 05/9. 504
334.417 130.0162 2630.171 5648.052 5365.753
512.271134.8092  2703.58 5928.412 58H1.794

Ab-1-7



2. Run Optimization Model (GAMS)
After setting input-data, you can run “Optimization Model” as follows.
Double-click IDE icon ,E to open GAMS.

Double Click

{9 gamside: C:¥optimization model (phlippines)¥refiName.gpr
File Edit Search Windows Utilities Help

Ec:wptmuzatmn model {phlippines)¥ref{PEP2008.Ist (=]
pepellBgms pepiolst |
FGAME Fev 135 Mcrosoft Wndow 10/26/08 1218 50 Paﬂ

eneral Algebraic Modeling Systen

ampilation

4

g

6

7

8 Fhi | ippines Enerey Master Plan

9 {2005-—--2030)

10 Enerey Al location optinization

11

12 by TEEJ (T, foakural

13 by DE in Vietnam (M. Mchael)

14 #f

15

16 file out_test fout_test. cevs:

17 put out_test:

18 out_test. pw = 266;

19 out_testrm=10

20 out_test lw=10 ;

21 scalar a total;

1] [insert [T

Final destination of both
In this case, specified holder is “ref”.

S -

Iﬁ:-"l YU T T o T e e o

Two patterns will appear according to model condition as follows.
patterns is the same to specify the holder.

He Search Windows Utiitiss  Help

=lolx|

Open in Mew Window  Shift+Cerl+0

Yref{PEP2008.Ist

A A - T —-1
Reopen Al4+R

-

R 5

18 out test ow= 265

Ab5-1-8

Compile Shift+Fg [ptimization model {phiippines)¥ref¥Name. gpr
—5 P 2 C:¥fitimization model (philippines ¥EAL¥NameZ. gor
;VE " 3 Cr¥ilbcuments and Settings¥NPC-09%F A4 by F¥aptimization model (philippine
5::: :: atrchs 4 C:¥lbcuments and Settings¥NPC- Ug¥719h7¥uuumzatmn model (phippine
3 : 5 C:¥0fcum 3
Select drive that contains dose e b
Options . .
pti i zati on F 1 _
. . it 1le -> Project
input-data.xls g o
B am (M. M ch .
0 Select New Project
16 file out_test Jout_test. csw/
17 put out_test;



:

C/_ Select “ref” holder

-

1. Give a name

2. Click '\
O

-
< L

Ab-1-9

Select “ref” holder

S L

1. Give a name

2. Click '\




After previous operation, you can find the below screen.

O—_

1. Click File

2. Select Open

1. Select “ref” holder

2. Double-click “PEP2008.gms”

A5-1-10




When you click M , “Optimization Model” is running.

Click

The below figure is the result after Model run.

I T ] 5]~ I S 1 1~ T 5 TR I I /o
% gamside: C:¥optimization model {phlippines)$refName.gpr - |EI |£|
File Edit 3Zearch Windows Utlities Help

FECEN BB 5y
pep200 | A

Putfile out flow C:ZOPTIMIZATION MODEL (PHLIPPINES)'\REF),OUT FLOW.CS
Putfile out electricicy C:VOPTIMIZATICN MODEL (PHLIFPPINES)'REF)OUT
Putfile out cost swaary C:WOPTIMIZATION MODEL (PHLIPFPINES)'REF' QU
Putfile out pair pc C:VOPTIMIZATION MODEL (PHLIPPIMES)'EREFYQUT FAIL
Putfile out refinery C:WOPTIMIZATION MODEL (FHLIPPINES)'\EEF'OUT REI
Putfile out ref rate C:WOPTIMIZATION MODEL (FELIPPINES)'\EREF'OUT REI
Putfile out check Xcon C:VWOPTIMIZATICN MODEL (PHLIFFINES)'REF)OUT ¢
Putfile out check Xprd C:VOPTIMIZATICN MODEL (PHLIFFINES)'REF)OUT ¢
Putfile out uniteost C:VWOPTIMIZATICON MODEL (PHLIPPINES)'REF)OUT UM
Putfile out_import C:VWOPTIMIZATION MODEL (PHLIPPINES)'REF)OUT IMPOI
Putfile out export C:%OPTIMIZATION MODEL (PHLIFPINES)'\REF'OQUT EXPOCL
Putfile out swwmeary C:\OPTIMIZATION MODEL (PHLIPPIMES)'REFQUT ZUNI
Putfile out unit conv C:VWOPTIMIZATICN MCDEL (FHLIPFIMES)\REFOUT_UT
Putfile out durrey C:VOPTIMIZATION MODEL (PHLIPPINES)'REF)OUT DUMMY,
Putfile out EXCEL flow C:\OPTIMIZATICN MODEL (PHLIFPFINES)'REF)OUT I
Putfile out demand C:\OPTIMIZATION MODEL (PHLIPPINES)'REF)OUT DEMAD
Putfile out_C0O2_ 302 C:\OPTIMIZATION MODEL (PHLIPPINES)'REF)OUT COZ_
Putfile out stock piling C:VOPTIMIZATION MODEL (PHLIPPINES)'REF)OU"
Putfile out check cost C:ZOPTIMIZATION MODEL (PHLIFPIMEZ)\REF'OUT (
Putfile out COZ detail C:ZOPTIMIZATICN MODEL EPHLIPPINES]\REF\OUT_;ZI

|

Tierde S T maedn i m o lm e T ST T b OTUTTAT T AT AR WLATLTRT  ATTTT T TRTTOL 'nwwi

»

Insert |_|
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After running model, Optimization Model (GAMS) created many CSV files, “OUT _******* CS\/”
Of which, “OUT_WS.CSV” file is used by “Outlook Summary Model” described in

as follows.
“Attachment-6",

FRIZADE)

IrHE REE #T

W= AL

GE;& T \._.:'l y Ljr‘

)
- ’FE

o |13 (37 X 9 |-

FELAD) I_J' C:¥optimization model (phlippines)¥ref

)l

|C5) Documents and Settings

|) DRIYERS

I 1386

[C5) IBMSHARE
25 IBMTOOLS
uﬂ icans

| OfficeScan NT

[l 1) optimization madel {phiippine
23 BALU
I EZ0
=) EZS
[C5) EEC
|25) HightGrowth
|53 HighPrice
| LowGrowkh
I LowPrice
[25) nuclear-LMGFix
|53 Muclear-LMGfree
|5 REZ
) ref
IC5) Refcapz
I5) S-EEC
|5 5-HighPrice
I vehicle-plus

[ S

47 | FE2E

1 QUT_ELECTRICIT
OUT_EP_CAPACITY
LulH] t_
QOUT_E
QUT_F
QUT_IMP
OUT_LOAD

OUT_REFINE
OUT_REF-RATE.C

QUT_S
CUT_TEST.C!
QUT_UMIT
QUT_UMITE

MO-LISERLCS

Dwn—use—crude.csv
Fln-Factar.cov

Ab-1-12

3KB
373 KB
3KE
142 KB
12 KB
ZKB
ZKE
40 KB
9KB
ZKB
234 KB
3KE
ZKB
7KE
103 KB
104 KB
1KB
131 KB
TOKE
Z3KB
23 KB
1KE
1KE

N EFT=T=
o
mcroad GAMS created .. 5
Microsy  these CSV files [£1?
Micros 2:19

Microsaft Excel Canm..
Micrasoft Excel Com...
Microsoft Excel Com...
Microsoft Excel Com,..
Microsoft Excel Com...
Micrasoft Excel Com...
Microsoft Excel Com...
Microsoft Excel Com,..
Microsoft Excel Com...
Micrasoft Excel Com...
Microsoft Excel Com...
Microsoft Excel Com...
Microsoft Excel Com...
Micrasoft Excel Com...
Microsoft Excel Com...
Microsoft Excel Com...
Microsoft Excel Com...
Micrasoft Excel Com...
Microsoft Excel Com...
Microsoft Excel Com...
Micrasaft Excel Cam...

TG ores 12:19
200810428 12:19
200810425 12:19
20050805 10:50
2005/10/25 12:19
200810428 12:19
200810425 12:19
2008/10/25 12:19
2005/10/25 12:19
200810428 12:19
200810425 12:19
200810425 12:19
2005/10/25 12:19
200810428 12:19
200810425 12:19
200810425 12:19
2005/10/25 12:19
2008/10/26 18:16
20080610 21:12
20050601 11:56
2008/07114 13:45

o R R TR T RN TRNT o TENY IP RN L)

] oUT_SUMMARY_KTOE,
) ouT_TEST.Cov
) OUT_UNIT_Cohy.CSy

m OWn-Uuse, CsY

Zi19



3. Out_Summary Sheet for Energy Balance
CSV file only is not enough to check the results of the model.  So, “out_summary_kton_***.xIs” is
prepared. This file is very useful to check energy balance.

Fd Microsoft Excel

JEiIe Edit Wiew Insert Format Tools Data Window Help

= | Double click

@ s t|me

—_—

IDEEHS ERY | BB -

Microsoft Excel AL {

:¥optimization model {phlippines ¥ref¥out_summar
macros,

Macros may contain viruses, It is alwaws

kkon re

Click Enable Macro

fe to disable macros, but if the

macros are leqgitimate, you might lose soge Functionality,

E3 Microsoft Excel - out_summary_kkton_ref.xls

Enable Macros

J File Edt Wiew Insert Format Tools Data Window Help

Mare Info

IDEEa 8RRy smelo @ = 8@l 2 vsew -u-lBrul===
A111 = =]
A [ B ¢ [ b AB [ ac [ ap [ ae [ aF [ ac |
1 |year Bnergy term unit 20259 2030
| 2 2006 cruds production kton 35 35
| 3 | 2006 cruds import kton 1380244 13901.48
4 2006 | crude export kton 0 0
|5 2006 crude to stock pilkion 1253 1158
| &6 2006 cruds consumpdir kion 13924892 1392492 a ‘
| 7| 2006 coal production kion 830046 B8662.53
| 8 2006 L £ Lot 1o 1822822
| 9 | 2006 . 0
10| zoo6) Click Macro Execute 2313768
| 11 | 2006 0
12 2006 N T = 477438
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-4 Microsoft Excel - DUT_COAL.CSY

E\\e Edit Wiew Insert Format Tools Data ‘Window Help

1l -

J MS Pfh

NSES|ERY | mRa|o-|&= s sl||mE 2

wear

year production export import total cons.in EPCkion?
2 domestic coal impart coal
E. ktan kton ktan kton current e total current new total on
[4 | 2006 2355 67 0 651712 887279 24108 0 24108 546448 0 546448
E 2007 3736 0 813185 11667.65 172438 0 172438 7943.86
2008 3736 0 763391 11369.91  1537.4 ] SE R ET
2003 3736 T — 3 B Cth Yes
[ & | 2010 401825
“ 2011 412487 There is a large amount of information on the Clip#ard. Do you want to be able ta pa: (o] B 3]
(10| 2012 451544 i another program later? 5 1
28}3 3?}32; \) -Toza\‘re \to;\theihphloard 50 that you pastei: \:ter, click es. 2 }
« To delste it From the Cliphpastembige@memory, click ko,
[13 | 2015 481883 R
EBd 2018 520886 ) w | _cansl | i
15 | 2017 531764 0 1014663 1546447 —==a®®%  E650  D0R24 796267 £76416 1014665 1
16 | 2018 570827 0 1150702 1721520 149203 84684 233886 734065 416637 11507.02 1
2019 595725 0 1216796 181252 148756 98564 24732 731868 484927 1216796 1
m 2020 615625 0 1256066 1873892 143331 112378 255708 705177 55288 1258068 1
| Eile Edit ¥iew Insert Format Tools Data Window Help
DsEg|eR¥|iaao- &= s |az > Click ¥
hd = 1C es
A [ B [ e [ b E [ F [ cJT u | T

1 lyear energy term unit. 2006 2007 ZIJB 20093 T ™ 12
95 | 2006 el EP.FO  [GWh 374166 o o o 0 11388 0
96 | 2006 el EP_nuclear GiWh 0 0 0 0 0 0
i 2006 al EP burdm (S GO30 41 RRAR G5 OORNT7G 1NARRS 21 11367 A2 121 NF N
96 | 2006 el [SMicrosoft Excel x|
% Sggg z: ﬁ i A file named 'C:¥optimization model (phlippingfi¥ref¥out_summary_kkon_ref.x|s' already exists in this location. Do
E o0 al . ou warl: ta replace it?
102 | 2006 e| o Cancel
103 ] 2006 el t S— b
104 2006 sl demand |GWh 4567217 4B009.04| 4977453 5265029 5600404 5921098 6246532
105 2006 e surplus |(GWh 841,82 0 0 0 0 o o
106 | 2006 bio_sthanol product |1 000k 253 354 0 30456 32347 681.2 7151
107] 2006 bin_diesel |product |1 000k 0 0 6306 135 14281 14968 1563
108 2006 COZ Miton 56.41 71.02 7491 76.48 7964 837 58
108 2006 502 kton 738.83| 105654 104644 104411 105403 108053 1126.09
110 2006 year total cost(1 076 peso) 3968164 3742104 6312824 6660430 7141476 T79591 SO3T082
total costimillion peso) 10833325
113!

4 | 2144946 253 1474145 -54.4555 —-3217.44 1000k @ production @ hioathanal

5 | 3199.297 3.54 83.01351 0 -3285.84 , Gasoline
6 | 3200624 0| 5222027 0| -3723.01 Wimport Bexport

7 | 3200824 3J04.56 | 524.3784 0 -4029.76 10 Odemand

8 | 3200824 32347 755.0405 0 -4279.32 2000

9 | 3200824 G81.2 7401081 0 -462213

10 | 3200824 7151 59355 0 -4851.42 5000

11 | 3197.378 74758 1126149 0 -5071.12

12 | 3200824 77916 1304581 0 -5284.57 4000

13 | 3200824 81061 148573 0 -548716

14 | 3200824 841.29 1662.351 0 -5704.47 2000

15 | 3200824 87074 1831.838 0 -5903.39 - 0

16 | 3200824 898.75 1593189 0 -6092.8
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Appendix-5-2 Guidance for Supply/Demand Optimization Model

1 Summary of Supply and Demand Optimization Model

1.1 Objective

The aobjective of the energy demand and supply optimization model (hereinafter called as “optimization
model”) is to calculate a logically correct and consistent supply and demand balance of various energies.
Demand is forecasted by the demand forecasting model and given to this model as input data. This
optimization model decides the amount of each energy supply with minimum total cost under the condition
that the given demand should be satisfied. Linear Programming theory is used as the optimization method.

Furthermore, this optimization model can be used as a tool to examine how the energy balance would
change under various conditions. In order to facilitate easy comparison study, the program is designed to
produce summary sheets of the calculation results.

1.2 Objectives of Optimization Model

1.2.1 Objective Energies
Since the objective of developing the optimization model is to provide basis for formulating the Energy Plan
of Philippines, any energy to be used in the country in principle becomes the objective of this optimization
model. Thus, 38 types of energy are incorporated in this model, which are as follows.
- Crude oil : Domestic crude oil 1, Import crude oil for distillate and for oil stockpiling
- Coal: Domestic, Import (import coal)
- Gas: domestic (raw gas) and import (PNG, LNG)
- Petroleum products : LPG, LPG substitute, gasoline, kerosene, jet fuel, gas oil, heavy oil
- By product at refinery : off gas, whole range naphtha, light naphtha, heavy naphtha,
condensate ,raw kerosene, fine kerosene, raw gas oil, fine gas oil,
atmosphere residue from topper, vacuum gas oil, vacuum residue,
light cycle oil
- Electricity
- Biofuel (bio-ethanol, bio diesel)

1.2.2 Objective Facilities (Energy Transforming Facilities)
Three kinds of energy transforming facilities are incorporated in the model; they are oil refinery, power plant,
and gas processing plant.
- Oil refinery
An oil refinery composes of topper (atmospheric pressure distillation unit), vacuum distillation unit,
reformer, cracking unit, hydro-desulphurization unit, and others. They make up an oil refinery as a
package. This model contains the Petron refinery and shell refinery, plus hypothetical general oil
refineries.
- Power Plants
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Power plants are classified into eight kinds based on the energy source as follows.
Hydro, domestic coal, import coal, gas, fuel oil, diesel, nuclear, and renewable energies
- Gas Processing Plant
At the gas processing plant, raw natural gas sent from offshore is processed. At first, condensate (C5+)
is extracted and then the rest of the gas will be natural gas (C1, C2).

1.2.3 Objective Period
The objective period is 25 years from 2006 through 2030 to be covered by the Philippine Energy Plan.

1.2.4 Decision Items

These items are called as variables in the optimization model. The optimization model shall decide the value
of these variables in order that the objective function gives the optimum value. These variables are typically
production, consumption, import, export and cost of each energy items. The energy consumption quantities
calculated by the model indicate the quantities fed to each transformation plant plus those straightly directed to
the final consumption.

1.2.5 Objective Function

In the standard case such as the Reference Case, the objective function is defined as the net present value at
2006 of the total cost incurred during the projection period. This objective function can be defined applying
other criterion subject to the purpose of analysis.

1.3 Energy Flow

Energy flow is the basic information in compiling an optimization model and is supposed to explain the
current and future energy flow of Philippines. Of course, consideration is made on simplification and
easiness to understand. Primary energy is produced from mines or oil/gas fields and transformed to
secondary energies before delivered to the users via several routes and finally consumed. The energy flow
chart illustrates such flow of energy. As it is difficult to show all of them in one figure, they are shown in
several figures stage by stage hierarchically in Figure 1~Figure 3.

1.3.1 Total Model Flow

Figure 1 shows the total flow incorporated in this optimization model. This figure shows that demand data is
given as input from the result separately forecasted by the demand forecasting model.
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Figure 1 Energy Demand and Supply Optimization Model Total Flow

1.3.2 Model Flow by Energy Sector
The refinery part is composed of three plants.  Figure 2 shows the hypothetical flow of No.1 through No.3
refineries incorporated in the model assuming processing of import crude oils.
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Figure 2 Refinery Plan
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Figure 3 is the flow chart including flows of coal, natural gas and power plants.  As shown here, produced
domestic coal will be directly use for power plant or general users. The raw natural gas is separated at gas
processing plant into condensate and natural gas. Among them, the flow chart shows that natural gas will be
consumed at power plants and end users.

It is of course possible that, subject to future study, items and types of input/output energies and composition
of transforming plants would be changed and the energy flow chart should be modified. Then, the supply
optimization model should also be revised to these adjustments, accordingly.

1.3.3 Special Treatment
In this model, special treatments for simplification purpose are made in expression of flows of several energies

as follows.

1) As there is no firm plan to utilize propylene produced from RFCC, they are delivered in the model to gasoline and
diesel gas oil by 50/50 percents.

2) Whole quantity of BTX produced in the refining process is converted into gasoline.

3) Whole quantity of condensate produced at the gas processing plant is merged to light naphtha.

Coal*Gas* Electricty flow
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EP_coal_imp_C
EP_coal_imp_N

A -
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....... EP_coal_dom_C >
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Figure 3 Coal, Gas, Electricity Energy Flow

1.4 Modeling Tool
The basic theory of modeling is LP (linear Programming). In this LP model, all constraints and one

objective function should be represented in the form of linear equation. The solution in which an objective
function is maximum or minimum under conditions of satisfying all constraints is called as the optimum
solution. In case of linear analysis, the solution is mathematically guaranteed as optimal. In case of
non-linear analysis, however, there is no mathematical assurance of optimum.
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GAMS is used as a modeling tool. GAMS stands for General Algebraic Modeling System and is a
product of GAMS Company. A commercial contract is required to use the GAMS official version, while the
company distributes a student version GAMS as a free software. Though we can handle a huge model with
the official version, there is a limitation on size for the student version, which is maximum 300 variables and
300 constraints. This model is designed that, if we operate it only for one year, we can handle it by the
student version for demonstration.

Input(csv format)

Modeling Tool

Figure 4 Tool for Model Building

This aims to make the technical transfer easier and familiarization of the Counterpart faster.

Input file is written in EXCEL. One sheet contains one data item. These sheets are housed in one book
and there are 36 sheets. As GAMS cannot directly handle a book form of EXCEL, we need to convert them
from an EXCEL sheet to a CSV (Comma Separated Value) file one by one. To make this easier, a macro
program is added in this input EXCEL book with a function to automatically convert one sheet to one CSV
file by one click.

Regarding the output file, over 10 output tables are generated in the CSV file form so that it is easy to read
the output tables by EXCEL. The configuration of these tools is shown in Figure 4.

1.5 System Block Flow
Figure 5 shows the system block flow from receiving the demand forecast results to obtaining the final
solutions.  Extraction from the forecasting model can be done by cut & paste into the input_data.xls. The data
from the forecasting model are as follows;
1) Demand by energy, by year
2) Sales price
3) Generation by power plant using RE such as hydro, geothermal, nuclear and RE.
4) Biofuel quantity
5) Non commercial energy(RE)
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Other data are those peculiar to optimization model and should be input through key in.

- Data Base (historical data)
(Excel+SimpleE)

Forecating model

Demand forecasted by energy

(Excel | Conversion program

W nput cata

Supply & Demand model

(GAMS)
Optimized
‘H”H”HI"I balance data
(Excel)l Creating outputs program

W outeut

Figure 5 System Flow
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1.6 Input Data

There are 43 kinds of data, which is shown in Table 1.  The left column “file name’ is the name of input file
to GAMS model with extension name ‘csv’.  The data of No31, 32, and 33 come from forecasting model file
by cut & paste.

Table 1 The Input Data

NO file name content input method
1|dummy—control.csv  [Control whether balance includes dummy variable. |key in
2|el-data—-control. csv |Control whether PDPAT data is used or not key in
3|cost-unit. csv Define the unit of cost in output key in
4|unit-data Define the constant of unit conversion key in
5|SG. csv specific gravity key in
6|mining—max. csv max of production of fossil domestic energy key in
7|EP-capacity. csv power plant development plan (data is increment) |key in
8|capacity. csv capacity of facility exclude power plant key in
9|own-use-crude fuel amount used in refinery key in

10{import. csv import min/max key in

11[export. csv export min/max key in
12|own-use. csv own-use ration in power plant key in
13|dist-loss distribution loss of electricity key in
14|p—factor. csv power plant factor (load rate %) key in
15|heat-value. csv heat_value of energy key in
16|therm-eff. csv thermal efficiency of power plant key in
17]yield. csv yield of facility key in
18|pp—-max-rate petroleum products of maximum rate key in
19|C02-max. csv C02 emission max in regulation key in
20(co2—-emission. csv 002 emission rate key in
21|S-content sulphur content ratio key in
22|stock-init. csv initial value of oil stockpiling key in
23|stock—-day. csv oil stockpiling day key in
24|unit-FOB Unit of FOB key in
25|unit-op Unit of operation & maintenance cost key in
26|cost-op. csv Operation/maintenance cost in facility key in
27\unit-freight unit of freight key in
28|freight cost of freight key in
29|interest. csv interest by year key in
30/exchange-rate. csv  |exchange rate key in
31|sales—price cut & paste
32|demand-sec. csv Demand of final users cut & paste
33|base-sup-el power generation by hydro, RE, nuclear =fix cut & paste
34|connect definition of connection among energies key in
35|merge-set definition input & output in merge virtual plant |key in
36|mer ge—cons—max max feed in topper key in
37|merge—cons—min min feed to plant key in
38|coal-dom-rate ratio of domestic coal in coal plant key in
39|diesel-rate ratio of disel oil in diesel power plant key in
40|EP-load-min minimum load of plant key in
41|brach-set definition input & output in branch virtual plant|key in
42|prd-fix production data fixed in past year 2006 key in
43|domestic-cost cost of distribution in domestic market key in

The above EXCEL file is EXCEL book and has many sheets. Each sheet has macro command icon and csv
file with the same sheet name is automatically created by clicking the icon.

All data file are always required. Each data has following meanings.
1) dummy-control.csv : In order to avoid infeasibilities, dummy variables are incorporated in a balance
equation. Mainly this dummy variables are used in oil product balance equation.
2) el-data-control.csv : Basically generation and fuel consumption data are given by PDPAT. In this case these
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data are all fixed. But sometimes power source allocation should be free and the model should select the best
power allocation. This control data indicates whether PDPAT data is used or not.

3) cost-unit.csv: These data are for output and means the pair of cost name and unit.

4) SG.csv : The energy which is usually measured by volume should be converted to weight base. In order to
convert the unit from volume to weight, the SG(Specific gravity) is used.

5) mining-max.csv: It means the maximum of production of crude oil, coal, gas per year.

6) imp-crude-ratio.csv: This data is regarding an oil refinery. It means the minimum and maximum of import
crude oil ratio to total feed to topper.

T)EP-capacity.csv: This data are the increment of power plant. The current capacity should be assigned at the
first year (2006).

8) capacity.csv: This data are the capacity of each facility/unit excluding power plant.

9) own-use-crude.csv: The oil refinery uses oil as fuel, which the oil refinery produces by it self.
This data means the ratio of crude oil to be used for fuel in its oil refinery.

10) import.csv: The minimum and maximum of import energy

11) export.csv : The minimum and maximum of export energy

12) own-use.csv: The power plant uses part of electricity generated as utility. Own use data is given as ratio
to total generation. But in the Vietnamese statistics generation amount is measured at the point of sending
end, so this data is always 0.

13) dist-loss.csv: Some of electricity distributed is lost during transmission / distribution.
This amount is also proportional to generation, so this data is a ratio to generation.

14) p-factor.csv : Plant factor by power plant class (P-factor means the percentage of capacity use) or plant
load

15) heat-value.csv: Every energy emits heat when it is burnt. That is heat value. This data is used for unit
conversion from weight/volume to ton oil equipment (toe) or calculating fuel consumption in power plant. But
in the case that PDPAT is used, this calculation is not done.

16) therm-eff : Thermal efficiency by power plant type

17) yield.csv : Yield means the ratio of products to one unit feed. For example, if 1 bbl of crude oil is fed into
topper, the ratio of the amount of gasoline produced is gasoline yield.

18) pp-max-rate.csv: This data means the maximum the product rate of gasoline & diesel. This data is defined
in order to match the calculated rate of petroleum product with the actual data. If the rate of gasoline and diesel
are similar to the actual data, another petroleum product’s rate will be similar.

19) CO2_max.csv: The specified value of CO2 emission max as regulation. If there is no regulation, this
value should be very large.

20) CO2-emission.csv: In order to calculate total CO2 emission, the CO2 emission ratio of each energy per
unit weight is required.

21) S-content.csv: In order to calculate SO2 emission, the sulfur emission rate of each energy per unit weight
is required.

22) stock-init.csv: In order to calculate the oil stockpiling, the oil inventory of oil previous year when oil
stockpiling calculation begins should be given as the initial stock(inventory)

23) stock-day.csv: The oil for stockpiling should be stocked for specified days of the total consumption of oil
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products.  This specified day is called stock_day.

24) unit-FOB.csv : The unit of sales-price

25) unit-op.csv : The unit of operation and maintenance cost

26) cost-op.csv : Cost of operation / maintenance of facilities

27) unit-freight.csv : The unit of freight

28) freight.csv : Cost of freight

29) interest.csv : Interest by year

30) exchange-rate.csv : Exchange rate by year

31) sales-price.csv : Sales price of each energy

32) demand-sec.csv : Demand by sector or total demand by energy

33) bas-sup-el.csv : Generation by power plant(hydro, nuclear, geothermal, RE)

34) connect.csv : This data represents the connection of every energy. The connection means here production
(plant, feed), consumption(plant), import and export (permitted or allowed?)

35) merge-set.csv : Definition of product energy and feed energy in merge plant

36) merge-cons-max.csv : The plant with 2 different name but the only one plant like coal power plant with
domestic and import coal as feed fuel has the maximum feed quantity.

37) merge-cons-min.csv : The plant with over 2 feeds has to be consumed a specified quantity.

38) cost-dom-rate.csv : The maximum rate of domestic coal feed to total feed into coal power plant.
39) diesel-rate.csv : The maximum rate of diesel oil feed to total feed into diesel oil power plant.
40) EP-load-min.csv: Minimum load of a specified power plant.

41) branch-set.csv : Definition of product energy and feed energy in branch plant

42) prd-fix.csv : Production data fixed in 2006

43) domestic-cost.csv : Expenditures of energy in order to deliver to users.

1.7 Constraints

There are 29 kinds of constraints. Table 2 shows all constraint lists. All these constraints are not always used.
Sometimes some equations are not used. Sometimes the constraint is defined, but it has no meaning. For
example if there is no CO2 emission regulation, input data CO2 emission max is very large value. So CO2
max constraints is substantially useless.

In the following explanation on equations , a rule applies that a blue letter means the variable which the
model can decide with optimal objective function, and black letters mean data given as input data.
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Table 2 Constraint List

No name target content

1 [eq_connect all energies Def of energy flow(prod, cons, import, export)

2 |eg_dummy all dummy variables Def of plus and minus dummy variable

3 |eg_branch energy in branch plant Def input and output of virtual plant 'branch

4 |eg_merge energy in merge plant Def input and output of virtual plant "merge

5 |eq_merge_cons_max crude feed to topper total of domestic & import crude feeding to topper
6 |eg_merge_cons_min gas EP feed minimum feed to gas EP

7 |eg_merge_prd_max gen max from coal EP Total of generation from dom and imp coal in EP

8 |eg_trans_heat coal Unit conversion from weight to calorie in coal

9 |eg_pp_max_rate PP=petoleum products Final petroleum products max rate constraints

10 [eq_yield topper, gas plant production = yield*(feed to plant)*(1-own_use_crude)
11 |eg_power EP=power plant Def of the relation of fuel quantity and generation

12 |eq_coal_dom_max

dom coal in EP_coal

Def of the max consumption of dom coal in EP-coal

13 |eg_EP_coal _fix

coal in EP_coal

Def of total genaration from coal EP at 2006

14 |leg_EP_DO_fix feed in EP_DO Def of total genaration from diesel EP at 2006
15 |eq_EP_DO_rate DO max in EP_DO Def of the maximum consumption of DO in EP-DO
16 |eq_EP_load_min diesel oil EP Def of load min of EP

17 |eg_own_use

own use electricity

Def of own use electricity in EP itself

18 |leg_dist_loss

power distribution loss

Def of power loss in sending& distribution line

19 |eq_bal_stockpiling

crude imp for SP

import of crude oil for stockpiling

20 |eq_stock_piling

crude inventry for SP

the necessary oil stockpiling this year

21 |eq_co2_gas gas C02 emission calculation from gas consumption

22 |eq_co2_coal coal C02 emission calculation from coal consumption

23 |eq_co2_oi | petroleum production C02 emission calculation from PP consumption

24 |eq_co2_max total co2 Def of total co2 emission by year

25 |eq_so2 all energy S02 emission calculation from all energy

26 |eq_cost cost cost by each year

27 |eq_cost_real cost cost exclude dummy cost

28 |eg_obj_cost eq_obj_cost obj cost including dummy cost = objective function

29 |eq_obj_cost_real

eg_obj _cost_real

obj cost excluding dummy cost

1) eg_connect (Balance equation of every energy)

production + import — export — consumption = 0

These constraints should be defined for every energy. All information for creating these equations are stored
in connect.csv. Production, consumption, import, and export should all not always require to exist. Elements of
these constraints are sometimes production and consumption, sometimes import and consumption, sometimes
production and export like condensate. Production and consumption sometimes have over 2 elements. For
example, feed materials are domestic crude and import crude oil. So energies produced from topper have 2
routes depending on feed energy. Sometimes consumption has also over 2 elements. For example, energies

consumed in final user and power plant has 2 consumptions.

Coding :

eg_connect(y,class,c)$connect_cc(y,class,c)..

sum((p,xc,f.xf xclass,xp)$connect(y,c,class,p,xc,f xf,xclass,xp),

(Xprd(y,class,p,xc,c) + p01(f)*Ximp(y,c)-p01(xf)*Xexp(y,c) -

Xcon(y,xclass,xp,c))) +

coeff_dum(y,c)*Xdum(y,c) =e=0;
If this energy ¢ can be imported, then p01(f) = 1 else p01(f) = 0;
If this energy ¢ can be exported, then p01(f) = 1 else p01(f) = 0;

Xprd(y,class,p,xc,c) : production ,

y means year

class means petron or shell or whole

p means plant where energy c is produced

xc means feed material to plant p

€ means target energy

Ximp(y,c)

: import
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Xexp(y,c) : export

Xcon(y,xclass,xp,c) : consumption, xp means plant where energy c is
consumed
Xdum(y,c) - dummy

If energy ¢ has dummy element, then coeff_dum(y,c)=1, else 0
Example : energy = diesel
- Input data  (connect.csv)-

Energy class plant feedenergy import export class plant ----—----- heading
Diesel whole M_DO dummy yes yes whole  demand @)
Diesel whole NP dummy none none whole EP DO C (9)]
Diesel whole NP dummy none none whole EP_DO_N ()

- Inputdata  (dummy-control.csv)-

year energy
2006*2030 diesell <+— coeff_dum(y,diesel)
The energy flow of diesel is as follows Diesel
. demand
Diesel P
Petron refinery > dumm Diesel
——»| M.DO » EP_DO_C
Shell refinery Diesel S Diesel N
EP_DO_N

The meaning of the above energy flow
Diesel il can be produce at plant M_DO with feed material dummy
Dummy = diesel P+diesel S  (P:petron, S: Shell)
This issue is defined in merge.csv
This equation is represented in another equation name later.
M_DO : merging plant (virtual plant)

Diesel oil can be imported and exported because the data have both yes under the import and export heading.
Also diesel oil is consumed in final use. Demand means a kind of plant and means consumption in final user in
this model.

Diesel oil is consumed in diesel current power plant, EP_DO_C.

NP means No Plant, that is the production is already defined in (a), so no need to define the production in
this line.(NP is key word in this model.)

Diesel oil is also consumed in diesel new power plant, EP_DO_N.

Thus above 3 lines define the diesel oil balance. That is the diesel oil is produced from M_DO plant and can
be imported / exported and is consumed in final user, current and new power plant.
GAMS develops the above equation definition as follows;

Example in 2030
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eq_connect(2030,whole,diesel)..
Xprd(2030,whole,M_DO,dummy,diesel)
- Xcon(2030,whole,EP_DO_C,diesel) - Xcon(2030,whole,EP_DO_N,diesel)
+ Ximp(2030,diesel) - Xexp(2030,diesel) + Xdum(2030,diesel) =E=
9089.50633333333 ;
| > demand(input data)

2) eq_dummy

Sometimes the system cannot get optimal solution. This thing is called infeasible. If infeasible phenomenon
happens, the cause of infeasibility should be found out. Sometimes it is very easy to find the cause. Sometimes
it takes much time to find out it. There is no royal road to find out the infeasible cause. It depends on the
experience of model analyzer. In order to avoid the infeasibility each balance equation can include the dummy
variable. Even if there is actually no feasible solution, the surplus or deficit can be absorbed in the dummy
variable. So there is no infeasibility on the surface.

Of course after finishing calculation, the check whether every dummy variable has positive value or not
should be done. If a dummy variable has positive variable, it means that there is no feasible solution. This
Philippines model is not so complex comparing with usual LP system. So it is not so difficult to find the cause
which the dummy variable has positive value.

There are 2 reasons that dummy variables have positive values. One is that there is surplus of energy,
another is that deficit of energy. That means the energy cannot be balanced.

If surplus is positive, deficit is minus.
So 3 kinds of dummy variables should be defined like  Xdum_P, Xdum_M and Xdum.
Xdum_P(non negative variable) : If the deficit occurs, Xdum_P has positive value.

Xdum_M(non negative variable) : If surplus occurs, Xdum_M has positive value.

Xdum(free variable) = Xdum_P — Xdum_M

Xdum can have positive value, 0, negative value.

It will not occur that both Xdum_P and Xdum_M have positive.

So Xdum = Xdum_P or Xdum = - Xdum_M.

These dummy variables are used as follows;

Xdum is used in the energy balance equation. Xdum_P and Xdum_M are used in cost definition equation. If
dummy variables have positive value, the model is supposed that the cost will be very large. The objective
function should be minimum. So if there is feasible solution, dummy variable should be = 0.

From above explanation, this equation is the technical and artificial equation.

coding :eq_dummy(y,c)$(target_year(y) And

coeff_dum(y,c)>0)..
Xdum(y,c) =e= XdumP(y,c) - XdumM(y,c);

GAMS develops the above equation definition as follows;

Example electricity in 2030
eq_dummy(2030,el).. - XdumP(2030,el) + XdumM(2030,el) + Xdum(2030,el) =E=0;

3) eq_branch (target : material which branches into over 2 materials)
consumption(feed to branch virtual plant) = production(energy1) + production(energy?2) + .....
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Examplel : kerosene can be evaluated as kerosene and jet fuel based on objective function.
Example2 : Some of the residue from topper goes to Vacuum distillation and fuel oil blend.

#
: -
—

consumption (feed to branch plant) = sum(branch amount ai)
coding: eq_branch(y,class,c,p)$(target_year(y) And
branch_cp(y,class,c,p))..
Xcon(y,class,p,c) =e= sum(xc$branch(y,class,c,p,xc),Xprd(y,class,p,c,xc));

Example kerosene in petron refinery branches into kerosene and jet fuel

KO _KHT KO M kerosene P
— » MLKO ——» S
—

KO HC | jet fuel P

The meaning of above flow.
KO_KHT : kerosene after hydro treating operation
KO_HC : kerosene after Hydro cracking operation
KO_M  :kerosene merged by KO_KHT and KO_HC
(KO_KHT+KO_HC =KO_M)
kerosene_P : kerosene from petron refinery
jet_fuel P jet fuel from petron refinery

GAMS develops the above equation definition as follows;

Example B_KO petron refinery in 2030

eq_branch(2030,petron,KO_M,B_KO)..

- Xprd(2030,petron,B_KO,KO_M kerosene_P)

- Xprd(2030,petron,B_KO,KO_Mjet fuel P) + Xcon(2030,petron,B_ KO,KO_M)

The equation regarding M_KO is defined in equation eq_merge explained in the next paragraph “eq_merge”.

4) eq_merge (target : merge virtual plant)

Merging

The merging operation is the reverse to branch operation. That is, many feed materials are merged into 1

material.
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This data is defined in input data, merge.csv

The sample of M_KO

year class feed plant output

2006*2030 petron KO KHT M_KO KO M
merge(y,class,xc,p,c),

2006*2030 petron KO_HC M_KO KO_M
(input data)

coding:eq_merge(y,class,p,c)$(target_year(y) And

merge_pc(y,class,p,c))..
Xprd(y,class,p,'dummy',c) =e= sum(xc$merge(y,class,xc,p,c),Xcon(y,class,p,xc)) ;
GAMS develops the above equation definition as follows;
Example M_KO of petron refinery in 2030
eq_merge(2030,petron,M_KO,KO_M)..
Xprd(2030,petron,M_KO,dummy,KO_M)
- Xcon(2030,petron,M_KO,KO_KHT) - Xcon(2030,petron,M_KO,KO_HC)=E=0;

5) eq_merge_cons_max (target : topper plant)
consumption in (domestic crude oil feed + import crude oil) =< maximum feed crude oil
The topper plant consumes simultaneously both domestic crude oil and import crude oil. But the yield of
topper plant depends on feed crude oil. But topper plant’s capacity is defined as the maximum total feed
crude oil. This maximum capacity is defined in this equation.

domestic crude oil

import crude oil

@ topper_

Total feed has the maximum which is the capacity of topper.

input data

sample (petron refinery)

*year class plant feed value
2006*2030 petron topper  crude_dom 180
2006*2030 petron topper  crude_imp 0
In this case the topper capacity is 180 + 0 = 180 (bpsd)

coding: eq_merge_cons_max(y,class,p)$(target_year(y) And

merge_cons_max1(y,class,p))..
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sum(xc$set_merge_cons_max(y,class,p,xc),Xcon(y,class,p,xc)) =I=
sum(xc$set_merge_cons_max(y,class,p,xc),merge_cons_max(y,class,p,xc));
GAMS develops the above equation definition as follows;
Example petron refinery in 2030
eq_merge_cons_max(2030,petron,topper)..
Xcon(2030,petron,topper,crude_dom)
+ Xcon(2030,petron,topper,crude_imp) =L=8983.818 — v
=180bpsd=8983kton/year
6) eq_merge_cons_max (target : gas power plant)

The gas power plant has to consume a specified amount of ga as fuel. This specifid amount is the maximum
possible production. From 2019 gas max possible production begins to decrese, so the gas power plant
possibly begins to work-down, but it is not preferable. In order to keep the specified load of gas power plant,
thes constraint is required.

Equation eq_merge_cons_min(y,seq,class);
eg_merge_cons_min(y,seq,class)$(target_year(y) And
merge_cons_minl1(y,seq,class))..
sum((p,c)$set_merge_cons_min(y,seq,class,p,c),Xcon(y,class,p,c)) =g=
sum((p,c)$set_merge_cons_min(y,seq,class,p,c),merge_cons_min(y,seq,class,p,c));
GAMS develops the above equation definition as follows;

eq_merge_cons_min(2020,1,whole)..
Xcon(2020,whole,EP_gas_C,gas) + Xcon(2020,whole,EP_gas_N,gas) =G=3964.36 ;

The consumption of total of domestic gas and LNG import in gas power plant should be greater than a
specified value=3964.36.

7) eq_merge_prd_max (target : domestic coal)
production from (domestic coal power plant +import power plant) =< maximum generation

The coal power plant uses simultaneously both domestic coal and import coal. But these 2 kinds of coal has
different heat value. The formula between fuel consumption and generation in power plant includes the heat
value of fuel. So the coal power plant has to be handled separately corresponding to the fuel kind. So there are
2 kinds of coal power plant, domestic coal power plant and import coal power plant. But the coal power
plant’s maximum capacity is defined by the maximum generation as just only coal power plant. This rule is
represented by this eq_merge_prd_max constraint.

domestic coal electricity

maximum generation

import coak—| |electricity

The information of coal power plant capacity is given in input data (EP-capacity.csv).
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coding: eq_merge_prd_max(y,seq,class,c)$(target_year(y) And
merge_prd_max1(y,seq,class,c))..
sum((p,xc)$set_merge_prd_max(y,seq,class,p,xc,c),Xprd(y,class,p,xc,c)) =l=
sum((p,xc)$set_merge_prd_max(y,seq,class,p,xc,c),merge_prd_max(y,seq,class,p,xc,c)*p_factor(y,p,xc)/100)
* (365*24/1000);
Power capacity is given in MW unit. But generation unit = GWh. So the maximum generation has to be
transformed from MW to GWh like the above equation.
Xprd(y,class,p,xc,c) : generation by individual power plant
class =whole
p = domestic coal power plant and import coal power plant
x¢ = domestic coal and import coal
c = electricity
merge_prd_max(y,seq,class,p,xc,c) : automatically calculated from EP_capacity input data
maximum generation of individual power plant
seq : current power plant and new coal power plant
other indexes are the same to ones of Xprd(y,class,p,xc,c)
unit= MW
p_factor(y,p,xc) : input data (p_factor.csv)
plant factor = load factor (unit= %) means the utilizing rate per year.
The conversion formula from MW to GWh
=MW * plant factor/100 * 365 days/year * 24 hours/day /1000

GAMS develops the above equation definition as follows;
Example in 2030
eq_merge_prd_max(2030,1,wholeel)..
Xprd(2030,whole,EP_coal_dom_C,coal_dom.el)
+ Xprd(2030,whole,EP_coal_imp_C,coal_imp,el) =L=25613.364 ;
maximum generation (GWh)

8) eq_trans_heat(y,p,xc,c) (target : domestic and import coal)

heat of coal to demand = weight of coal to demand * heat_value

Coal demand is given in input data with unit “ktoe”.  This demand is the total of domestic coal and import

coal. Both coal have different heat value. So in order to create the constraint to satisfy the demand should be
represented by the ktoe unit. The coal production is measured by weight base, kton. So these weight base
should be converted to calorie base. This conversion can be represented by this eq_trans_heat

part 1 part 2 part 3
import_coal | Tyans H imp coal_imp_H
M coal coal demand
domestic_coal Trans H_do coal_dom_H s
consumption in weight base production in calorie base
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coding : eq_trans_heat(y,p,xc,c)$(target_year(y) And
trans_heat(p,xc,c))..
Xprd(y,' whole',p,xc,c) =e= heat_value(y,xc)/10000 * Xcon(y, whole',p,xc);

Xprd(y,'whole',p,xc,c): coal after unit conversion = calorie base
p = conversion operation for domestic and import
(Trans_H_dom, Trans_H_imp)
xc¢ = domestic coal and import coal in weight base
¢ = domestic coal and import coal in calorie base
heat_value(y,xc) : conversion factor = heat value of individual coal
Xcon(y,'whole',p,xc) : coal before conversion — weight base

GAMS develops the above equation definition as follows;
Example in 2030
eq_trans_heat(2030,trans_H_dom,coal_dom,coal_dom_H)..
Xprd(2030,whole,trans_ H_dom,coal_dom,coal_dom_H)

- 0.5557*Xcon(2030,whole,trans_ H_dom,coal dom) =E=0;

for reference)
Part 1 is represented by eq_trans_heat
Part 2 is represented by eq_merge.
Part 3 is represented by by eq_connect.

9) eq_eq_pp_max_rate(y,c) (target : petroleum products)
calculated rate of petroleum product <= petroleum product/ crude_oil consumed * (1-0.96)

The yield data cannot be gotten in this model. So they are estimated data. But there are data regarding the
rate of final refinery products. In order to match the rate of calculated petroleum products with the actual data,
the actual data must be given by input data as maximum rate of refinery products. In this model main product,
gasoline and diesel oil product’s rates are given. Then yields should be adjusted in order that rates of other
products will automatically match with actual data.

diesel P

dummy M DO | diesel ,actual rate =0.38

diesel S

crude_oil consumed * (1-0.96)
The rate of refinery product is calculated by the equation
calculated rate of diesel <= diesel / crude_oil consumed * (1-0.96)
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coding : eq_pp_max_rate(y,c)$set_pp_max_rate(y,c)..
sum(p$pp_max(p,c), Xprd(y, whole',p,'dummy’,c)) =I=
sum((class,p)$(topper(p) And
not whole(class)),
(Xcon(y,class,p,’crude_dom")+Xcon(y,class,p,'crude_imp')) *
own_use_crude(class,p)/100)) * pp_max_rate(y,c)/100;
Xprd(y,' whole',p,'dummy',c) : production of petroleum product
p : merging plant of petron and shell products
C : petroleum product
Xcon(y,class,p,'crude_dom")+Xcon(y,class,p,'crude_imp") : total feed of crude oil
own_use_crude(class,p) : 4% of crude oil is consumed as utility in refinery
pp_max_rate(y,C) : actual rate of petroleum product

GAMS develops the above equation definition as follows;
Example in 2030

eq_pp_max_rate(2030,diesel)..
Xprd(2030,whole,M_DO,dummy,diesel)
- 0.3456*Xcon(2030,petron,topper,crude_dom)
- 0.3456*Xcon(2030, petron,topper,crude_imp)
- 0.3456*Xcon(2030,shell,topper,crude_dom)
- 0.3456*Xcon(2030,shell topper,crude_imp) =L=0;
refl) own_use_crude = 4%
pp_max_rate of diesel = 38%
Then (1-0.04)*0.38 = 0.3456
ref2)This method is not recommendable.
If actual yield can be gotten, this constraints should be deleted.

10) eq_yield (target : refinery unit, gas plant)
production = yield * feed to plant * (1-own_use_crude/100)

A feed material is crude oil in the case of topper plant. The feed material is oil which is produced in this

refinery in the case of refinery units excluding topper. The feed material is raw gas in the case of gas plant.

An oil refinery uses oil as utility, which is produced in oil refinery itself. This self use oil is assumed as a linear

proportion to the total feed crude oil. This proportional rate is assumed at 4% defined in input data. The

own-use-crude data is defined only for topper. It is O for gas plant.

coding:  eq_yield(y,class,p,xc,c)$(target_year(y) And
set_yield4(y,class,p,xc,c))..
Xprd(y,class,p,xc,c)
—e=

yield(y,class,p,xc,c)*Xcon(y,class,p,xc)*(1-own_use_crude(class,p)/100);
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Xprd(y,class,p,xc,c) : production from plant p of class unit, feed material is xc,
target material is ¢
(class means petron or shell in refinery, whole in gas plant)
yield(y,class,p,xc,c) : yieldin plant p of class unit, feed material is xc,
target material is ¢
Xcon(y,class,p,xc)  : consumption in plant p of class unit, feed is xc
own_use_crude(class,p) : fuel rate to crude oil consumed in refinery plant : input data

GAMS develops the above equation definition as follows;
Example LGO_top of petron topper in 2030
eq_yield(2030,petron,topper,crude_imp,LGO _top)..
Xprd(2030,petron,topper,crude_imp,LGO_top)
- 0.08(|54*Xcon(2030,petron,topper,crude_imp) =E=0;

» yield(input data)

11) eq_powver (target : electricity)
fuel consumption=generation * 860/(heat value*thermal efficiency)
This equation is the formula between fuel consumption and generation
unit : 1KWh = 860kcal

coding : eq_power(y,p,c)$(target_year(y) And
elp(p) And
pair_pc(p,c) And

therm_eff(y,p,c)>0 And

(capacity(y,'whole',p,c)>0 or merge_prd_max2(y,p,c)))..
Xcon(y, whole',p,c)
—e=
Xprd(y,' whole',p,c,'el)*860/(heat_value(y,c)*therm_eff(y,p,c)/100);

fuel electricity
— | power plant |——»

Xcon(y, whole',p,c) : consumption of fuel in power plant
p : power plant excluding geothermal, hydro, nuclear, RE

¢ = electricity
Xprd(y,' whole',p,c,'el’) : generation from power plant p unit=GWh
heat_value(y,c) - heat value
therm_eff(y,p,c) : thermal efficiency

GAMS develops the above equation definition as follows;
Example domestic coal power plant in 2030
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eq_power(2030,EP_coal_dom_C,coal_dom)..
- 0.396254393050397*Xprd(2030,whole,EP_coal_dom_C,coal_dom,el)
+ Xcon(2030,whole,EP_coal_dom_C,coal_dom) =E=0;

860/(heat_value(y,c)*therm_eff(y,p,c)/100);

12) eq_coal_dom_max (target:coal power plant)

domestic coal / (domestic + import) in power plant <= a specified value
The domestic coal in Philippines includes an alkali material. So when domestic coal is burned in power
plant, import coal should be mixed. This rate is given as input data.

coding : equation eq_coal_dom_max(y,seq);
eq_coal_dom_max(y,seq)$(target_year2(y) And
ord(seq)<3)..
sum((p,c)$(pair_pc_seq(p,c,seq)  And
coal_dom(c)), Xcon(y,' whole',p,c)/heat_value(y,c))
=I=coal_dom_rate(y)/100 * sum((xp,c)$(pair_pc_seq(xp,c,seq)),
Xcon(y,' whole',xp,c)/heat_value(y,c));
GAMS develops the above equation definition as follows;
eq_coal_dom_max(2007,1)..
0.00014396256973187*Xcon(2007,whole,EP_coal _dom_C,coal_dom)
3.125E-5*Xcon(2007,whole,EP_coal_imp_C,coal_imp) =L=0;
13) eq_EP_DO fix (target : EP-DO)

The rate of diesel oil in feed to DO power plant is specified at 15%.

Actually DOE staff insists that this rate is maximum. But if it is maximum, the diesel oil has high value, LP
model does not use diesel but fuel oil, so it is not realistic. So at present the model adopts that this rate is fixed.
coding : equation eq_EP_DO_rate(y,p);

diesel oil / (diesel oil + fuel oil) in power plant = a specified value(=15%)

eq_EP_DO_rate(y,p)$set_diesel_rate(y,p)..
Xcon(y,'whole',p,'diesel’) =e= diesel_rate(y,p)/100*sum(c$pair_pc(p,c),Xcon(y, whole',p,c)));

GAMS develops the above equation definition as follows;
eq EP_DO rate(2007,EP_DO_C).. 0.85*Xcon(2007,whole,EP_DO_C,diesel)
- 0.15*Xcon(2007,whole,EP_DO_C,fuel oil) =E=0;

14) eq_own_use (target : electricity)
OWN USe power = OWn_ use_ * generation
Since Generation is measured at generating end in Philippines, this equation is required. But if power
generation is measured at the sending end, this equation is not necessary.
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coding : eq_own_use(y)$target_year(y)..
Xcon(y, whole',own','el’)
—e=
sum((p,c)$(elp(p) And
pair_pc(p,c)),Xprd(y,' whole',p,c,'el))*own_use(y)/100 ;
GAMS develops the above equation definition as follows;
Example in 2030
eq_own_use(2030)..
- 0.07125487106*Xprd(2030,whole,EP_coal_dom_C,coal_dom,el)
- 0.07125487106*Xprd(2030,whole,EP_coal imp_C,coal_imp,el)
- 0.07125487106*Xprd(2030,whole,EP_coal_dom_N,coal_dom,el)
- 0.07125487106*Xprd(2030,whole,EP_coal_imp_N,coal_imp,el)
- 0.07125487106*Xprd(2030,whole,EP_gas_C,gas.el)
- 0.07125487106* Xprd(2030,whole,EP_gas_N,gas,el)
- 0.07125487106*Xprd(2030,whole,EP_DO_C,diesel el)
- 0.07125487106*Xprd(2030,whole,EP_DO_C,fuel_oilel)
- 0.07125487106*Xprd(2030,whole,EP_DO_N,diesel,el)
- 0.07125487106*Xprd(2030,whole,EP_DO_N,fuel_oil.el)
- 0.07125487106*Xprd(2030,whole,EP_FO,fuel_oil,el)
+ Xcon(2030,whole,own,el) =E= 3125.32136662563 ;
L
generation from nuclear, hydro, geothermal, RE s fixed.
15) eq_dist_loss (target : electricity)
distribution loss = loss rate*((generation -own_use) + import + export)
coding : eq_dist_loss(y)$target year(y)..
Xcon(y,'whole', distribution’,'el)
—e=
dist_loss(y)/100 *(sum((p,c,xc)$(elp(p) And
ellc) And
pair_pc(p,xc)),Xprd(y, whole',p,xc,c))
sum(c$el(c),Ximp(y,c)+Xexp(y,C))) ;
GAMS develops the above equation definition as follows;

Xcon(y,' whole','own’,'el’) +

Example in 2030

eq_dist_loss(2030)..

- 0.121752*Xprd(2030,whole,EP_coal_dom_C,coal_dom.el)
- 0.121752*Xprd(2030,whole,EP_coal_imp_C,coal_imp,el)
- 0.121752*Xprd(2030,whole,EP_coal_dom_N,coal_dom,el)
- 0.121752*Xprd(2030,whole,EP_coal_imp_N,coal_imp,el)
- 0.121752*Xprd(2030,whole,EP_gas_C,gas,el)
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- 0.121752*Xprd(2030,whole,EP_gas_N,gas,el)

- 0.121752*Xprd(2030,whole,EP_DO_C diesel el)

- 0.121752*Xprd(2030,whole,EP_DO_C,fuel_oilel)

- 0.121752*Xprd(2030,whole,EP_DO_N,diesel,el)

- 0.121752*Xprd(2030,whole,EP_DO_N,fuel_oil,el)

- 0.121752*Xprd(2030,whole,EP_FO,fuel_oil,el)

+0.121752*Xcon(2030,whole,own,el) + Xcon(2030,whole,distribution,el) =E=
5340.18406557767 ;

\—> generation from nuclear, hydro, geothermal, RE s fixed

16) eq_stock_piling (target : Arabian light crud oil)
oil stockpiling to be put * 0.95 = stock day * demand of refinery
Crude oil is evaluated as equivalent to 95 % of oil products after considering processing loss.  This amount
of crude oil should be stocked as oil stockpiling.
(95% is the Japanese specification)
coding : eq_stock_piling(y,c)$(target_year(y) And
crude_stock(c))..
Xstk(y,c)*0.95 =g= sum(xc$refc(xc),demand_tot_kt(y,xc)*stock_day(y,xc)/365);
Reason that operator is "g" is that Xstk should always be >=0.

If the consumption of target of oil stockpiling products of this year is very large, oil stockpiling will be also
large. But if that demand of the next year is smaller than this year, the oil stockpiling required will be smaller
than one of this year. If operator is =, oil to be stocked should be minus.

The minus means to extract from stockpiling. But from the viewpoint of the objective of oil security
extract is not recommendable. Furthermore the minus value of variables is not allowed in LP system.

GAMS develops the above equation definition as follows;
Example in 2030
g_stock piling(2030,crude_stock)..
0.95*Xstk(2030,crude_stock) =G=1024.76103466522 ;
Calculated from demand and stock oil day for refinery products.

17) eq_bal_stockpiling(y,c) (target : Arabian light crud oil)
import crude oil for oil stockpiling = Increment of stockpiling from this year to last year
GAMS develops the above equation definition as follows;
Example in 2030
eq_bal_stockpiling(2030,crude_stock)..
Ximp(2030,crude_stock)
+ Xstk(2029,crude_stock) - Xstk(2030,crude_stock) =E=0;
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18) eq_co2_gas (target : gas)
This equation calculates the total CO2 emission by some of oil product and gas
CO2 emission = emission rate * (demand + consumption in EP) * 44/12
This result is measured by CO2 kton.
coding : eq_co2_gas(y,c)$(target_year(y) And
gas_rep(c))..
Xco2(y,c) =e=CO2_emission(y,c)*44/12 *
(sum(p$EP_gas(p),Xcon(y,' whole',p,c)) +  from gas power plant
demand_tot_kt(y,c)); from demand
GAMS develops the above equation definition as follows;
Example in 2030
eq_co2_gas(2030,gas)..
- 2139.0369*Xcon(2030,whole,EP_gas _C,gas)
- 2139.0369*Xcon(2030,whole,EP_gas_N,gas) + Xc02(2030,gas) =E=
1075421.42860743 ;

19) eq_co2_coal (target :coal)
This equation calculates the total CO2 emission by coal.
CO2 emission = emission rate * (production of coal + import coal - export)*44/12
This result is measured by CO2 kton.
coding : eq_co2_coal(y,c)$(target_year(y) And
coal_rep(c))..
Xco2(y,c) =e= co2_emission(y,c)*44/12*
(sum((p,xc)$(elp(p) And
coal(xc) And from power palnt
pair_pc(p,xc)),Xcon(y, whole',p,xc))+
sum((p,xc,xxc)$trans_heat(p,xc,xxc),
Xcon(y,'whole',M_coal',xxc)/(heat_value(y,xc)/10000))); from demand
GAMS develops the above equation definition as follows;
Example in 2030
eq_co2_coal(2030,coal)..
- 4117.37333333333*Xcon(2030,whole,EP_coal_dom_C,coal_dom)
- 4117.37333333333*Xcon(2030,whole,EP_coal_imp_C,coal_imp)
- 4117.37333333333*Xcon(2030,whole,EP_coal_dom_N,coal dom)
- 4117.37333333333*Xcon(2030,whole,EP_coal_imp_N,coal_imp)
- 7409.34557015176*Xcon(2030,whole,M_coal,coal_dom_H)
- 6023.95513289442*Xcon(2030,whole,M_coal,coal_imp_H) + Xc02(2030,coal) =E=0

20) eq_co2_oil (target : oil)
This equation calculates the total CO2 emission by some of oil products.

Ab5—2-23



CO2 emission = emission rate * (demand + consumption in EP) * 44/12
coding : eq_co2_oil(y,c)$(target_year(y) And
refc(c))..
Xco2(y,c) =e= co2_emission(y,c)*44/12*(demand_tot_kt(y,c) + from demand
sum(p$(elp(p) And
pair_pc(p,c)),Xcon(y,' whole',p,c))) ; from power plant
GAMS develops the above equation definition as follows;
Example fuel_oil in 2030
eq_co2_0il(2030,fuel_oil)..
- 3371.3298666666 7*Xcon(2030,whole,EP_DO_C,fuel_oil)
- 3371.3298666666 7*Xcon(2030,whole,EP_DO_N,fuel_oil)
- 3371.32986666667* Xcon(2030,whole,EP_FO,fuel_oil) + Xc02(2030,fuel_oil)
=E=21146893.2749419
21) eq_so2 (target : s02)
This equation calculates total SO2 emission.
total SO2 emission= 32/16*sulfur content ratio * (demand + consumption in EP)
coding : eq_so2(y,r,c)$(target_year(y) And s_content(y,c)>0)..
Xs02(y,r,c) =e= 32/16*s_content(y,c)/100*(demand_tot_kt(y,r,c) +
sum(p$pair_pc(p,c),Xcon(y,r,p,c)));
GAMS develops the above equation definition as follows;
Example in 2030

eq_s02(2030,coal_dom).. -0.032*Xcon(2030,petron,EP_coal_dom_C,coal_dom)
- 0.032*Xcon(2030,petron,EP_coal_dom_N,coal_dom)
- 0.032*Xcon(2030,petron,trans_H_dom,coal_dom)
- 0.032*Xcon(2030,shell,EP_coal_dom_C,coal_dom)
- 0.032*Xcon(2030,shell,EP_coal_dom_N,coal_dom)
- 0.032*Xcon(2030,shell trans_H_dom,coal_dom)
- 0.032*Xcon(2030,whole,EP_coal_dom_C,coal_dom)
- 0.032*Xcon(2030,whole,EP_coal_dom_N,coal_dom)
- 0.032*Xcon(2030,whole,trans_H_dom,coal_dom) + Xs02(2030,coal_dom) =E=0

22) eq_cost (target : cost)
This equation calculates the cost by year
cost = import cost*import + acquisition cost*production + operation cost*feed to facility +
export price * export
coding : eq_cost(y)$target_year(y)..
Xcost(y) =e=
sum((r,c)$(crude(c) Or refc(c) Or import_gas_coal(c) Or el(c)), Ximp(y,r,c)*cost_imp(y,r,c)) +
sum((r,p,c)$(mine(p) And mine_pc(p,c)),Xprd(y,r,p,earth’,c)*cost_prd(y,c)) +
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sum((r,p,c)$(pair_pc(p,c) And elp(p)),cost_op(y,r.p)) +
sum((r,p,c)$(pair_pc(p,c) And not elp(p)), Xcon(y,r,p,c)*cost_op(y.r,p)) -
sum((r,c)$export(c),Xexp(y,r,c)*sale_exp(yr.c));

GAMS develops the above equation definition as follows;
Example in 2030
eq_cost(2030).. - 51.9819418604651*Xprd(2030,whole,mine,earth,crude_dom)
- 4.4594459* X prd(2030,whole,mine,earth,coal_dom)
- 30.3712965487227*Xprd(2030,whole,mine,earth,gas_raw)
- 54.8837209302326*Ximp(2030,crude_imp)
- 57.7906976744186*Ximp(2030,crude_stock) - 6.664*Ximp(2030,coal_imp)
- 72.970479704797*Ximp(2030,LPG) - 135.405405405405*Ximp(2030,gasoline)
- 109.322660098522* Ximp(2030,kerosene)
- 148.048090523338*Ximp(2030,jet_fuel)
- 101.954976303318*Ximp(2030,diesel)
- 76.8240850059032*Ximp(2030,fuel_oil) + 71.1254612546125* Xexp(2030,LPG)
+ 110.405405405405* Xexp(2030,gasoline)
+ 86.7857142857143*Xexp(2030,kerosene)
+122.164073550212*Xexp(2030,jet_fuel) + 81.457345971564* Xexp(2030,diesel)
+62.7744982290437*Xexp(2030,fuel_oil) - 1000000*XdumP(2030,crude_dom)
- 1000000*XdumP(2030,crude_imp) - 1000000*XdumP(2030,coal_dom)
- 1000000*XdumP(2030,coal_imp) - 1000000*XdumP(2030,gas)
- 1000000*XdumP(2030,gas_raw) - 1000000*XdumP(2030,gas_imp)
- 1000000*XdumP(2030,LPG) - 1000000*XdumP(2030,LPG_P)
- 1000000*XdumP(2030,LPG_S) - 1000000*XdumP(2030,gasoline)
- 1000000*XdumP(2030,gasoline_P) - 1000000*XdumP(2030,gasoline_S)
- 1000000*XdumP(2030,kerosene) - 1000000*XdumP(2030,kerosene_P)
- 1000000*XdumP(2030,kerosene_S) - 1000000*XdumP(2030,jet_fuel)
- 1000000*XdumP(2030,jet_fuel_P) - 1000000*XdumP(2030,jet_fuel_S)
- 1000000*XdumP(2030,diesel) - 1000000*XdumP(2030,diesel_P)
- 1000000*XdumP(2030,diesel_S) - 1000000*XdumP(2030,fuel_oil)
- 1000000*XdumP(2030,fuel_oil_P) - 1000000*XdumP(2030,fuel_oil_S)
- 1000000*XdumP(2030,el) - 1000000*XdumM(2030,crude_dom)
- 1000000*XdumM(2030,crude_imp) - 1000000*XdumM(2030,coal_dom)
- 1000000*XdumM(2030,coal_imp) - 1000000*XdumM(2030,gas)
- 1000000*XdumM(2030,gas_raw) - 1000000*XdumM(2030,gas_imp)
- 1000000*XdumM(2030,LPG) - 1000000*XdumM(2030,LPG_P)
- 1000000*XdumM(2030,LPG_S) - 1000000*XdumM(2030,gasoline)
- 1000000*XdumM(2030,gasoline_P) - 1000000*XdumM(2030,gasoline_S)
- 1000000*XdumM(2030,kerosene) - 1000000*XdumM(2030,kerosene_P)
- 1000000*XdumM(2030,kerosene_S) - 1000000*XdumM(2030,jet_fuel)
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- 1000000*XdumM(2030,jet_fuel_P) - 1000000*XdumM(2030,jet_fuel_S)
- 1000000*XdumiM(2030,diesel) - 1000000*XdumM(2030,diesel_P)
- 1000000*XdumM(2030,diesel_S) - 1000000*XdumM(2030,fuel_oil)
- 1000000*XdumM(2030,fuel_oil_P) - 1000000*XdumM(2030,fuel_oil_S)
- 1000000*XdumM(2030,el) + Xcost(2030) =E= 127186.111106024 ;

The cost of dummy variable is very large.

23) eq_obj_cost(target : objective function)
This equation defines objective function.
obj_cost = sum(total cost by year)
coding : eq_obj_cost..
Obj_cost =e= sum(y$target_year(y),Xcost(y)/(1+interest(y)/100)**(ord(y)-1));

GAMS develops the above equation definition as follows;

Example in 2030

eq_obj_cost..

- Xcost(2006) - 0.925925925925926* X cost(2007)

- 0.857338820301783*Xcost(2008) - 0.793832241020169*Xcost(2009)
- 0.735029852796453*Xcost(2010) - 0.680583197033753*Xcost(2011)
- 0.630169626883105*Xcost(2012) - 0.583490395262134*Xcost(2013)
- 0.540268884501976*Xcost(2014) - 0.500248967131459*Xcost(2015)
- 0.463193488084684*Xcost(2016) - 0.428882859337671*Xcost(2017)
- 0.397113758645991*Xcost(2018) - 0.367697924672214*Xcost(2019)
- 0.340461041363161*Xcost(2020) - 0.31524170496589* X cost(2021)
- 0.291890467561009*Xcost(2022) - 0.270268951445379* Xcost(2023)
- 0.250249029116091*Xcost(2024) - 0.231712063996381*Xcost(2025)
- 0.214548207404056* Xcost(2026) - 0.198655747596349* Xcost(2027)
- 0.183940507033656* Xcost(2028) - 0.170315284290422* X cost(2029)
- 0.157699337305947*Xcost(2030) + obj_cost=E=0;
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1. 8 Output Data Table

GAMS automatically creates a text file, which includes all information about model such as code, input data,
constraints, solution and statistics. This text file has the extension name list. It is big size file and it is not easy
to analyze the result. Therefore, for easy reference, this system built by the JICA project has a function to
create 17 kinds of tables in order to analyze the result correspondent to the purpose. These tables are as
follows;

1) Energy balance table (typical table used in energy analysis)

2) Summary table with unit ktoe (for comparing some cases)

3) Summary table with unit kton/MMm3(for analyzing in time series)

4) Refinery result(balance data in oil refinery with yield data)

5) Electric result (power generation, fuel consumption, technical data etc)
6) List of import(amount list of import energy as result) for check

7) List of export (amount list of export energy as result) for check

8) List of product(amount of production as result) for check

9) List of consumption(amount of consumption in plant as result) for check
10) Demand table(input data)

11) List of unit cost(input data with unit change)

12) Cost result(cost, amount of flow, total cost)

13) List of dummy variable(value of dummy variable)

14) CO2 emission result

15) Detail information of CO” emission

16) Qil stockpiling

17) Coal result detail information

1.9 Program Structure
main program : PEP2008.gms
sub program 1) set_definition : Define various index, parameter, table
2) data_read.inc : Read input data
3) unit_change.inc : Change the unit
4) set_definition2.inc : Define new sets based on input data
5) eq_definition.inc  : Define constraits

6) bound_set.inc : set the bound of variables

7) after_process.inc : Traeting the solution for output
8) output.inc : create various outputs in kton
9) kt_ktoe.inc : unit change from kton to ktoe

10) output_ktoe.inc : create various outputs in ktoe
11)output_ws.inc :create a file for work sheet

These files are all text file. So they can easily be read by usual text editor.
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Extension gms is fixed by GAMS system. But extension inc is free. these inc files are read into main
program “PEP2008.gms” by $include. Therefore, for convenience the extension inc is used.

1.10 Model Size and Execution Time

The size of a LP model can be measured by the number of variables and constraints incorporated. Now
there are around 10600 variables and 7700 constraints covering 25 years in the standard model.  Should the
energy flow change, new plants be installed or new energy item be added, the model size would greatly
increase. At present, execution time of this 25 year model is less than 1 second.  The execution time would
also increase if constraints overlapping years are levied or strong constraints are added. At any rate, however,
the execution time would not become a serious problem.

1.11 Functions and Operations of the Optimization Model
This energy supply optimization model has following functions.

1.11.1 Information Created (main function)
a. To calculate the logically correct demand and supply balance of each energy that should comprehensively
satisfy the energy demands given as input data.  They are for example,
- Raw material feed amount into each facility at oil refinery
- Petroleum products production amount
- Converted amount of petroleum products to other energy, e.g., from kerosene to jet fuel or diesel gas oil
b. To calculate the minimum total cost as the net present value at 2006

1.11.2 Service Functions for Convenience of Users
c. To automatically convert from a sheet in a book of EXCEL to a CSV file (EXCEL macro)
d. To output tables to show the optimum solutions in various forms (CSV file)

1.11.3 Functions of GAMS Itself
e. To make a text file including all information of the model. The first file houses the following
information.
- Original program created by modeler
- Input data
- Developed constraints
- Various statistics on the model (scale, execution time, etc)
- Solution itself
f. To show grammatical error message
g. To point an infeasible constraint or a variable as a cause of infeasible solution
h. To show the number of infeasibility if infeasible
i. To show name of the output table created
j.etc
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2 Operations Procedure

In order to execute the model the basic flow of operation is as follows;
1) Create input data file
2) Execute the model
3) Analyze the model

This document only refer to operation of the Energy Supply / Demand Optimization Model for PEP2008.
Regarding GAMS including its installment, please refer to the GAMS Manual.

2.1 Input Data Source

All input data should be stored in input_data.xls.

This file gets demand, sales price, generation from nuclear, hydro, geothermal and RE, non commercial
energy from demand forecasting model file by cut & paste. Other all data should be inputted by hand.

2.1.1 Common Operation
(1) Make a new holder /How to create a csv file from EXCEL
(condition) You already have the model including program and data) in the standard holder name. for
example, ‘Reference’.
a To define the new holder name where the model data and output file are stored.
It is better to the naming of the holder, which helps to understand assumptions.

b To copy all files of reference model into this holder

(2) New assumptions for case study you are planning should be inputted into the specified sheet in the
input-data.xls. If the case study will request the modification of programming, you have to revise the
program. But in many cases it is enough to change only data.

(3) Click once the icon ‘Save file’ with color yellow as below. GAMS cannot read EXCEL file directly. So
EXCEL file should be converted to csv form file. A csv file is the text file and each data is separated by
comma. For example

*heat_value,

*year, energy, heat value

2006*2030,coal_dom,5557

2006,coal_imp,6250

2007,coal_imp,6400

2008*2030,coal_imp,6835

2006*2030,gas,9100

2006*2030,crude, 10500

2006*2030,LPG,11800

2006*2030,gasoline, 11500

GAMS can read the csv file. A csv file should be created by sheet in EXCEL file. There are many sheets in

this EXCEL file. In order to create csv file, this conversion operation should be done many times sheet by
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sheet. It is rather nuisance operation. So the macro which enables to create a csv file by one touch is prepared
at each sheet. The csv file created has the same name with the sheet name. In order to kick off this macro, it is
enough just to click the following icon with name “Save file’, which can be seen on every sheet.

Save file

The function of this MACRO.
1) The original EXCEL file is overwriting with the same name.
The EXCEL asks you whether overwritten is permitted or not ?
You must answer ‘yes’. If you answer no, the next csv file would not be created.
2) The csv file is created . The file name is sheet name + .csv.
If the same name exists in the holder, EXCEL asks you whether overwritten is permitted or not ?
You must answer ‘yes’. If you answer no, the next csv file would not be created.

Note) In order that MACRO is executable,
1) you have to answer ‘yes’ against the question from EXCEL that enable MACRO when EXCEL starts?
2) you have to change that the security level is less than middle level at the time EXCEL begins to work as
follows; (in the case of Windows XP)
tool---macro--security
security level to middle.
The operation to create input files is outlined below

2.1.2 Key-in Data
All data of input-data.xls in the column “ input data file name’ in table 1 should be inputted by key in
operation.
(1) dummy-control.csv :
format : energy name, ‘1’ or ‘0’
related place in program : constraint=eq_bal_ref
meaning : ‘1’: dummy variable is automatically inserted in the balance equation.
‘0’ : dummy variable is not used.
If oil products balance seems to be difficult to realize, 1 should be set, otherwise 0.
For security it is recommended that “1” is set. So it is better not to change the base model.
(2) el-data-control.csv
format: the firstline ‘gen’, ‘1’ or ‘0’
the second line ‘con’, ‘1’ or ‘0’
related place in program : el_flag definition in ‘unit_change.inc’
eq_power in ‘eq_definition.inc’
meaning : ‘gen’,‘1’: generation data comes from PDPAT, so fixed
‘0’ : generation free
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‘con’, “1”: fuel consumption comes from PDPAT, so fixed
‘0’ : generation free
el flag=0 at ‘gen’=land ‘con’=1
relation between fuel consumption and generation cannot be defined.
=1 otherwise
relation between fuel consumption and generation is defined.
el_flag is automatically set according to el_data_control in “‘unit_change.inc’.
In PEP2008, usually you should have input always O.
(3) cost-unit.csv
format: energy name, unit
related place in program : ‘output.inc’
meaning : used in heading
(4) unit-data.csv
format: from unit, to unit, value
related place in program : ‘unit_change.inc’
meaning : constant data of unit change
(5) SG.csv
format: energy name, specific gravity

related place in program : ‘unit_change.inc’, ‘bound_set’, “after_process.inc’, ‘output.inc’

eq_bal_gas, eq_co2_ethanol in eq_definition.inc
meaning : used in unit change from volume unit to weight unit
(6) mining-max.csv : (used by parameter ‘product-max’ in program)
format: year, ‘whole’, energy, production maximum
related place in program : ‘bound_set’
meaning :  primary fossil energy production max by year
source : This data comes from electricity group.

(7) EP_capacity.csv
format: year, district, fuel, capacity of power plant
related place in program : ‘bound_set’, unit_change, eq_definition
meaning: Maximum generation of power plant
starting year(2006) : currenct capacity
from 2007 . increment capacity of power plant
(8) capacity.csv
format: year, class, plant, energy, max-capacity
related place in program : ‘bound_set’

meaning : Plants cannot produce or consume specified energy over this value.

(9) own-use-crude.csv
format: topper name, %
related place in program : eq_vyield in *eq_definition.inc’
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meaning : Oil refinery uses fuel which it produces as fuel for its own plants. It is the ratio to the total
feed of crude ail.
(10) import.csv (used by table  import_minmax in program)
format: year, energy name, min of import, max of import
related place in program : “‘bound.inc’
meaning : min and max of import
(11) export.csv (used by table  export_minmax in program)
format: year, energy name, min of export, max of export
related place in program : ‘bound.inc’
meaning : min and max of export
(12) own-use.csv
format: power plant name, own use ratio
related place in program : eq_own_use in ‘eq_definition.inc’
meaning : A power plant uses electricity which it generates by itself. As power generation in this model
is measured at sending end in this model, this input term should always be 0. But if this
rule will change in future, this input term is defined.
(13) dist-loss.csv
format: year, ‘whole’, loss rate(%)
related place in program : eq_dist_loss in ‘eq_definition.inc’
meaning : Sending electricity, electricity is lost through transmission-distribution line. It is proportional
to amount of electricity sent. This loss electricity should be considered in balance equation
(14) p-factor.csv
format: year, ‘whole’, power plant name, fuel name, plant factor
related place in program:  “‘bound.inc’
meaning : Each power plant has specific load (%), or this load is controlled by power policy.
Load means the percent of capacity use.
(15) heat-value.csv
format: year, energy, heat value
related place in program :  “unit_change.inc’, ‘output.inc’, ‘eq_definition.inc’
meaning : Considering energy issues, calorie unit is important. Changing unit from weight to calorie,
heat value plays a base role.
Heat value differs among energy and country.
(16) therm-eff.csv
format: year, power plant name, fuel name, termal efficiency (%)
related place in program:  “‘bound.inc’, “output.inc’
eq_coal_dom, eq_power, in ‘eq_definition.inc’
meaning : Each power plant has thermal efficiency (%).
It depends on power plant, fuel plant, year.
(17) yield.csv
format: year, plant (facility), raw energy, product energy, yield
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related place in program : ‘output.inc’
eq_yield, eq_yield_ref, in ‘eq_definition.inc’
meaning : This means how much each product is produced against 1 unit raw material feed.
This is the basic data in considering energy balance because energy produced is calculated
based on the yield. The total yield in a facility should be always 1.
(18) pp-max-rate max .csv
format; year, energy, rate (%)
related place in program : ‘output.inc’
eq_pp_max_rate in ‘eq_definition.inc’
meaning : The max rate of petroleum product
(19) CO2_max
format: year,max CO2 emission to be allowed
related place in program : eq_co2_max in ‘eq_definition.inc’
meaning : total CO2 emission should be less than CO2_emission max. Such regulation should be
decided by the government
(20) CO2_emission.csv
format: year,energy, CO2_emission rate
related place in program : ‘unit_change.inc’, ‘output’.inc’
eq_set definition2, eq_CO2_oil gas, eq_ethanol in ‘eq_definition.inc’
meaning : It means the emission amount of CO2 when 1 unit of an energy is burnt.
It is used in calculating CO2 emission.
(21) S-content.csv
format: year, max SO2 emission to be permitted
related place in program : ‘output.inc’
eg_so2 in ‘eq_definition.inc’
meaning : It means the emission amount of SO2 when 1 unit of an energy is consumed.
Itis used in calculating SO2 emission.
(22) stock-init.csv
format: year,max SO2 emission to be permitted
related place in program : ‘bound.inc’
meaning : Considering oil stockpiling, the initial stockpiling should be given as data.
(23) stock-day.csv
format: year, ‘whole’, *crude’
related place in program : ‘output.inc’
eq_stock_piling in ‘eq_definition.inc’
meaning : In this model oil stockpiling is calculated by following equation;
oil stockpiling*0.95 = stock _day * consumption of all oil products per year/365
This stock day can be decided by the oil security policy.
(24) unit-FOB.csv
format : energy, unit
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related place in program : ‘unit_change.inc’
meaning : The unit of FOB
(25) unit-op.csv
format : plant, unit
related place in program : ‘unit_change.inc’, ‘output.inc’
meaning : The unit of operation and maintenance cost
(26) cost-op.csv
format: year, class, plant , operation cost, maintenance cost
related place in program : ‘unit_change.inc’
meaning : Cost of operation and maintenance per 1 unit feed
But regarding power plant, operation cost is given by PDPAT on per year basis including
maintenance cost
Ref)In PEP2008, operation and maintenance cost should be negligible.
(27) unit-freight.csv
format : energy, unit of freight
related place in program : ‘unit_change.inc’
meaning : The unit of freight
(28) freight.csv
format : energy, (cost of freight by energy)
related place in program : ‘unit_change.inc’, ‘output.inc’
meaning : Cost of freight
(29) interest.csv
format: year, interest
related place in program : ‘after_process.inc’
meaning :  Interest (it depends on year)
(30) exchange-rate.csv
format: year, exchange rate
related place in program : ‘unit_change.inc’, ‘output.inc’
eg_obj_cost ineq_definition
meaning : Exchage rate of peso and US dollar (it depends on year)
(31) sales-price.csv
format : year, (various cost of sales by energy)
related place in program : “‘unit_change.inc’
meaning : Cost of sales
FOB cost = sales price — freight
(32) demand-sec.csv
format : year, class, demand by energy(coal, gas, LPG, AVI gaso, bio ethanol, jet fuel, kerosene, diesel,
bio diesel, fuel_oil, el, RE)
related place in program : ‘unit_change.inc’, eq_definition.inc
meaning : The demand by energy. The demand of each energy should be satisfied.
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These data should given from the forecasting model, sheet name ‘simulation’
unit is ktoe.
(33) base-sup-el.csv
format : year, generation by power plant(Hydro, geo, nualear, RE)
related place in program : “‘unit_change.inc’, eq_definition.inc
meaning : The generation fixed by specified power plant.
These data should given from the forecasting model, sheet name *‘simulation’
unit is ktoe.
--Operation from forecasting model into the input-data.xls of optimization model--
(NOTES)The forecasting model includes the information for optimization model .
That information should be done cut & paste by hand to input-data.xls.
operation 1. cut & paste demand data by year and by energy from the forecasting model with sheet name
‘Simulation’ line no= 376-386, and 389 to input-data.xls with sheet name ‘demand-sec’
(ref:  property = change the row and column and only value copy)
operation 2. cut & paste non-commercial energy by year from the forecasting model with sheet name
‘Simulation’ line no= 488 to input-data.xIs’ most right column with sheet name *demand-sec’
(ref:  property = change the row and column and only value copy)
operation 3. cut & paste sales price by year and by energy from the forecasting model with sheet name
‘Simulation’ line no= 67-76 to input-data.xls with sheet name *sales-price’
(ref:  property = change the row and column and only value copy)

(34) connect.csv
format : year, energy,class,plant,feed,import,export,class,plant
related place in program : ‘set definition2.inc’, ‘eq definition.inc’, ’bound_set.inc’, 'kt ktoe’,
‘output_inc’
meaning : It represents the energy flow.
Target is energy. This energy can be produced from class, plant, feed, and consumed in
class, plant. If this energy is allowed to be import, data should be yes, if not allowed, "none’
should be inputted. If this energy has over 2 production way or over 2 consumption, these
information is represented after 2’nd line. If there is no plant or feed data, ‘NP’ or ‘dummy’
should be inputted under the heading plant or feed.
example) Here regarding gasoline flow is picked up as follows.
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Figure 6 Flow regarding gasoline
This flow can be represented by the following input data
2006*2030  NAP_top petron topper crude_dom none none petron M_NAP 1)
2006*2030 NAP_top petron topper crude_imp none none petron NP 2)
2006*2030 NAP_M petron M_NAP  dummy none none petron NHT 3)
2006*2030 LN petron NHT NAP_M none none petron B_LN 4)
2006*2030 GO_NHT petron B LN LN none none petron blend_GO 5)
2006*2030 GO _ref petron reformer  HN none none petron blend_GO 6)
2006*2030 GO_FCCpetron FCC BTM_HC  none none petron blend GO 7)
2006*2030  gasoline_P petron blend_GO dummy none none whole M_GO 8)
2006*2030 gasoline whole M_GO dummy yes yes whole demand  9)
explanation)

1) (PETRON) NAP_top can be produced from topper with feed material crude_dom and consumed in plant
M_NAP(merging naptha).
2) (PETRON) NAP_top can be also proceed from topper with feed material crude_imp. Consumption is

Neither import and export are not allowed in NAP_top.

already defined in 1), so consumption should be defined no more.

3) (PETRON)NAP_M is the products from plant M_NAP and consumed in NHT as feed material.
Neither import and export are not allowed in M_NAP.

4) (PETRON)LN(Light Naptha) is the product from NHT(Naptha Hydro Treating) with feed material
NAP_M, and is consumed B_LN(Branch LN). Neither import and export are not allowed in LN

5) (PETRON)GO_NHT(Gasoline from plant NHT) is the product from plant B_LN and consumed in
blend_GO(blender of Gasoline). Both import and export are not allowed in LN

6) (PETRON)GO_ref(Gasoline from plant Reformer) is the product from plant Reformer and consumed in
blend_GO(blender of Gasoline). Neither import and export are not allowed in LN

7) (PETRON)GO_FCC(Gasoline from plant FCC) is the product from plant FCC(Fluid Catalystic
Cracking) and consumed in blend_GO(blender of Gasoline). Neither import and export are not allowed
inLN
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8) (PETRON)total gasoline of PETRON refinery is produced from blend GO and is consumed in M_GO
(Merging_Gasoline : feed material is gasorine from PETRON and SHELL refineries)
9) (Whole)The flow of above from 1) to 8) lines are PETRON refinery,. There is the exactly same flow in
SHELL refinery. Both gasoline_P and gasoline S are merged in plant M_GO.
Gasoline is produced from M_GO and consumed in demand. (Demand is defined as one of plants.)

NOTES) Plant is composed of some kinds.
actual plants like many facilities in refinery,, power plants

a
b merging and branching plant with name M_xxxx and B_xxxx
¢ blending plant with name blend_GO and blend_FO
d peculiarity of this LP model such as
* demand (consumed as demand)
* calculate(just only calculation so not target of balance)
* Trans_H_dom and Trans_H_imp(transformation weight base to calorie in coal)
*own  (electricity used own power plant)

* distribution (transmit and distribution loss in electricity)

(35) merge-set.csv
format : year, class,feed,plant,final
related place in program : ‘set_definition2.inc’, ‘eq_definition.inc’,”output.inc’
meaning : (look Figure 6 : blend_GO is the same of merging plant)
1 final product and many feed materials.
If there are n feed materials this data is represented by n lines and
final is always the same energy.
(calss =Petron, feed = GO_NHT, GO_ref, GO_FCC, final = gasoline_P in Fig2.1)

(Example)
2006*2030 petron  GO_NHT blend_GO gasoline_P
2006*2030 petron  GO_ref blend_GO gasoline_P
2006*2030 petron  GO_FCChblend GO gasoline_P

(36) merge-cons-max.csv

format : year, class,plant,feed, max of consumption

related place in program : ‘set_definition2.inc’, ‘eq_definition.inc’, *output.inc’, "unit_change.inc’

meaning : Topper plant has 2 kinds of feed such as domestic crude and import crude
The capacity of topper plant is measured by total feed amount. But the yield greatly depend
on the feed material property. So a topper plant is virtually divided 2 plants such as topper
distillation domestic crude and import crude. The capacity of the individual plant cannot be
defined. This data defines as the total maximum feed.
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topper
domestic crude (Sample) 2006*2030 petron topper  crude_dom 180
2006*2030 petron topper crude_imp O

total feed = capacity of topper
import crude 180+0=180

maximum feed should be given

(37) merge-cons-min.csv
format : year, seq,class,plant,feed, min of consumption
related place in program : :“set_definition2.inc’, *eq_definition.inc’
meaning : There are 2 gas power plants. One is current plant, another is new plant. Gas consumed in
these 2 gas plants should be consumed at least a specified amount. The gas power plant
should keep the minimum load. The minimum load is equivalent to the consumption of gas
production whose is the highest production in domestic gas.

current gas power plant

new gas power plant

minimum consumtion

(38) coal_dom_rate.csv
format : year, max rate of domestic coal in coal power plant
related place in program : ‘eq_definition.inc’
meaning : The domestic coal in Philippines is rich of alkali. So the rate of domestic coal of being used
in power plant has limit.
(Sample) 2007*2030 20
In this sample that rate is 20%.
(39) diesel-rate.csv
format : year, max rate of diesel oil in diesel power plant
related place in program : ‘eq_definition.inc’
meaning : This data is the max rate of diesel oil in diesel power plant.
(40) EP-load-min
format : year, plant, minimum load
related place in program : ‘eq_definition.inc’
meaning : Diesel power plant should work at minimum load a year..
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(41) branch_set.csv
format : year, class,feed,plant,final
related place in program : ‘set_definition2.inc’, “eq_definition.inc’,”output.inc’
meaning : (look Figure 6 : B_LN is the branch plant)
1 feed and many output materials.
If there are n output materials this data is represented by n lines and
feed is always the same energy.
(42) prd_fix.csv
format: year, class, feed, plant, final energy
related place in program : ‘eq_definition.inc’,’output.inc’
meaning : In the past year, 2006 in this model, production actual data is directly adopted, not calculated
(43) domestic-cost.csv
format: year, energy, domestic cost
related place in program : ‘unit_change.inc’,’output.inc’
meaning : used for calculation of FOB
FOB = sales price — domestic freight cost

2.2 Procedure of Execution
After preparing all input data, the model can be executed via following procedure

2.2.1 Load GAMS into Memory and Execute the Model
(1) Double click the following icon IDE on the desktop

IDE is the interface of GAMS. By using this interface, the various actions become possible as follows
1) GAMS coding
2) Execute model by GAMS
3) Get all information of results

note) IDE icon is automatically created on the desktop by installing GAMS system.

(2) Move a gpr(Gams PRject file) to one in which the model exists.
1) Click the “file” in the tool bar.
2) Click the name in the drop down in sequence
project-new project

3) Select the holder name in which the model and data exits.
4) Key in the project name.

Project name is the file name to control the model.

So 1 project corresponds to 1 model.
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The name can be defined freely and has automatically the extension name “gpr’.
(3) Click the “file’ in the tool bar and ‘open’
(4) Select the model text file name with the extension name *.gms’ you coded. (pep2008.gms)
(5) One Click the following execution icon.

|5/
note)If this icon is not colored with red, the model cannot be worked. In order to work the GAMS, click
the tab with the name *PEP2008.gms’. Then this icon becomes red.

(6) GAMS automatically runs and creates the output file with the name ‘PEP2008.Ist” called list file.
note) Refer the GAMS manual regarding Ist file

(7) Many kinds of output are automatically created under the same holder as described above.
These outputs are created by this model itself but not by GAMS. They are created in order to analyze
and check the various results. How to use these outputs are described later.

2.2.2 In the Case that Error Happens.
There are 2 kinds of errors. One is grammatical error and the other is infeasible/unbounded error.
(1) Grammatical error
In case of grammatical error, there are some grammatical errors in the model coding. You have to fix them
according to the GAMS grammar. The place where the error happened is pointed by “***** so you can easily
find the error place in the list file. Also the list file gives the error contents by code. The meaning of the code is
written after the model coding.
The error message are, for example as follows;
17 putout testt;
falialed $140,294
The error meaning are, for example, as follows;
140  Unknown symbol
294 No external file assigned - A file has to be made current by
using the name on a put statement, i.e. PUTxxx fname ...
note)Refer the GAMS manual regarding the detail grammar

(2) Infeasible/Unbounded error

1) Infeasible error

There is no royal road to find the real cause of this infeasible error. It depends on the experience.

But there is a basic procedure to find the cause. Many data are required in LP model. Man kind is apt to
mistake. So errors happen from input data error with probability of over 80%.

The list file created by GAMS points the row (constraint) names or variable names where infeasible errors
happened. When the infeasible error happens in the constraint, the constraint cannot be satisfied. When the
infeasible error happens in the variable, the variable(solution) cannot exist between the minimum and
maximum. Therefore at first the most important method to find an infeasible error is to check the input data
regarding row and variables where they happen. Especially lower and upper bound data, fixed data are apt to
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make errors. If you cannot find the cause of infeasible checking input data, check the equations developed by
GAMS itself.  Check whether the equation developed is one you intended or not.
example of REPORT SUMMARY)
**** REPORT SUMMARY : 0 NONOPT
12 INFEASIBLE (INFES)
SUM  9994.526
MAX  4830.000
MEAN  832.877
0 UNBOUNDED
example of infeasible error in the constraint)
2025.whole.EP_coal_dom.L_coal . . . . INFES
example of infeasible error in the variable)
2018.whole.EP_gas .gas
el . 73333.524 72567.840 . INFES
Especially, check the index and coefficients consisting equations. Usually you can find over 80% course of
errors by easy checking of data and equations. Even doing so, if you cannot find the error cause, imagine the
solution you think to be correct and fix the variable by its value. Check what happens. You may find
guestionable results. Analyze the solution in detail. Sometimes you may be able to find the cause. The model
creates many kinds of output. There are some output files for checking such as list of production, consumption,
import, export, bound of variable, refinery results and electricity results. You may be able to find questionable
results in these checking of output files. Then you may be able to find the error cause. The above described
checking have to be repeated done in detail many times, before the model stabilizes.
2) Unbounded error
This error means that the objective function value would have gone to the infinity. As one example, this case
may come from the phenomenon such that the material can be sold at infinity with cost 0. If you meet this
unbounded error, you should check the cost definition.

2.2.3 After Processing the Execution of the Model

After executing the model, even if there are no errors, the solution may not be correct. The solution is
apparently optimal. But it often happens that the solution is not one you had expected. So detail check should
be done by implementing doing following procedures.

(1) Check ‘out_dummy.csv’

If you will find the output with nonzero data, it means that the solution is not optimal.

Plus value means that the demand side is over than supply sand. So plus value is the deficit amount. Minus
value means that the supply side is over than demand side. So minus value is the surplus amount. You should
correct input data or programming in order that all data in out_dummy.csv are 0.

(2) Check “out_refinery rate.csv’ (Table 3 out-refinery table)

If you will find the unnatural rate of petroleum products, you have to check data regarding refinery model.
The ratio of petroleum products represents whether the refinery calculation is suitable or not. The reason is that
the main data of refinery is the yield, but that data is usually confident in the refinery company, so the data are
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estimated ones in order that the final petroleum products rates match the actual ones. Gasoline is produced
through some facilities and some routes. Regarding individual facility, there not may be correct production of
products, but totally the ratios are matched to the actual data. So it is required to check the final petroleum
products.

(3) Check “out_load.csv’(Table 4 out load table)

If you will find that the value of this file are all 100, it may be infeasible.
If you cannot explain the trend of this result, something is wrong.

Here refer the following how to analyze this output file.

Table 3 Out-refinery rate table

year LPG gasoline | kerosene| jet_fuel diesel fuel_oil
2006 3.45 16.44 1.58 7.02 37.46 29.27
2007 45 17.71 1.36 8.16 36 27.77
2008 45 17.72 0 9.52 36 27.76
2009 45 17.72 0 9.52 36 27.76
2010 45 17.72 0 9.52 36 27.76
2011 4.49 17.7 0 9.52 36 278

2012 45 17.72 0 9.52 36 27.76
2013 4.49 17.7 0 9.52 36 278

2014 45 17.72 0 9.52 36 27.76
2015 45 17.72 0 9.52 36 27.76
2016 45 17.72 0 9.52 36 27.76
2017 45 17.72 0 9.52 36 27.76
2018 45 17.72 0 9.52 36 27.76
2019 45 17.72 0 9.52 36 27.76
2020 45 17.72 0 9.52 36 27.76
2021 45 17.72 0 9.52 36 27.76
2022 45 17.72 0 9.52 36 27.76
2023 45 17.72 0 9.52 36 27.76
2024 45 17.72 0 9.52 36 27.76
2025 45 17.72 0 9.52 36 27.76
2026 45 17.72 0 9.52 36 27.76
2027 45 17.72 0 9.52 36 27.76
2028 45 17.72 0 9.52 36 27.76
2029 45 17.72 0 9.52 36 27.76
2030 45 17.72 0 9.52 36 27.76

actual data at 2007
LPG 4.6%
gasoline 16.8 %
kerosene + jet-fuel 10.2 %
diesel 35.4%
fuel oil 29.4%
In this model there are 2 constraints as follow;
maximum rate of gasoline = 18%
maximum rate of diesel =36%
Other rate are calculated based on total energy minimum cost.
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Table 4 Out-load table

production plant
year - - -
coal gas coal power gas power Diesel power [Fuel oil power topper
2006 100 100 57.06 100 9.43 100 68.93
2007 100 814 100 75.51 0 0 100
2008 100 63.38 100 80.82 0 0 100
2009 100 7517 100 95.38 0 0 100
2010 79.2 79.46 100 100 13.98 100 100
2011 81.38 80.21 100 100 75.88 100 100
2012 89.21 80.97 100 100 20.03 100 100
2013 91.28 81.67 100 100 81.92 100 100
2014 93.34 100 100 97.86 53.65 100 100
2015 80.35 100 100 97.15 31.87 100 100
2016 86.96 100 100 96.29 0 36.1 100
2017 88.83 100 100 95.43 59.82 100 100
2018 95.44 100 100 94.56 16.2 100 100
2019 99.68 100 100 83.92 79.21 100 100
2020 82.57 100 100 89.28 17.16 100 100
2021 84.1 100 100 99.09 39.67 100 100
2022 87.49 100 100 93.51 36.87 100 100
2023 92.71 100 100 86.98 29.83 100 100
2024 96.07 100 100 75.31 72.9 100 100
2025 86.67 100 100 87.85 4511 100 100
2026 88.02 100 100 85.73 88.99 100 100
2027 92.63 100 100 89.88 19.86 100 100
2028 97.22 100 100 86.5 0 98.01 100
2029 98.54 100 100 83.29 89.12 100 100
2030 81.5 100 100 80.36 53.59 100 100

Assumptions: Hydro, geothermal, Renewable power plant generate at specify power. It gradually continue
to increase.

example at 2007,

a) Coal production is at maximum at first. Yet it cannot satisfy the demand of electricity.

b) Coal continues to be imported till coal power plant load becomes maximum at second, yet cannot
satisfy the demand of electricity

c) Next, gas plant begins to work till load 75.51%. It means that it can satisfy the demand of electricity. So
diesel power plant and fuel oil power plant are not required to work.

These situation continues by 2009. Gas power plant load increases for 3 years.

example at 2010 (till 2010 there is no new power plant enlargement)

a) Coal power plant load is 100%. But it cannot satisfy the demand.

But production does not reach at the maximum because the maximum of coal production increases.
(maximum of production 3,736 kton at 2007, 5,036,kton at 2010). Furthermore domestic coal ratio to total
feed to coal power plant is less than 20%.

b) Next gas plant works at maximum load before production reaches at maximum. So eve if gas is produced

more, there is no room of consumption. Yet it cannot satisfy the demand.

c) Next fuel oil power plant works at maximum load. Yet it cannot satisfy the demand.

d) Next diesel power plant begins to work. It can satisfy the demand before the load of diesel oil power

plant reaches at maximum.
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This situation continues till 2015. For this 6 years, coal and gas power plant capacity are enlarged. So it
occurs that coal power plant is working at maximum load, but production rate is down at 2005.
From 2014, gas production reaches at maximum before gas power plant load reaches at maximum. But load
of gas plant is down comparing to the previous year because 2015 gas plant capacity is up.
Thus looking at this table, there is no unnatural phenomenon. We can judge this solution has no mistakes
from this load analysis viewpoint.
If every field has all 100% at one year, it means that there may be some mistakes. If you encounter this thing
look the out-dummy.csv, then you will find out that some dummy variables have non zero value.
After these 3 check procedures, go to the following steps.
(4) Open the out summary kton.xls and click the icon name ‘Macro Execute’ in sheet name is
‘out-summary’
--Macro content--
a) Open the out_summary.csv. (Double click this file name)
This file includes almost all energy balance information by year and is automatically created by
the model. This file uses the unit by kton or MMm3.
b) copy data of all E column out_summary.csv.
c) Paste into E column of the sheet name ‘out_summary’ in the out_summary_kton.xIs.
d) In out_summary.csv is longitudinally represented by year and energy. This macro changes this
format horizontally by year.
e) This file automatically draws graph of each energy balance.
This graph is drawn on each sheet by energy. (Each sheet name is the same to the energy name.)
So check the graph whether questionable trends exist or not.
If you find the questionable results, fix them and execute the model again till you satisfy.
(5) Open the out_summary_ktoe.xls and click the icon name ‘Macro Execute’
This macro content is the same to the macro of out_summary-kton.xls
(6) Open the primary-energy-ktoe.xls and copy the sheet name out_summry of out-summary-ktoe.xls
into a sheet name out-summary of the primary-energy-ktoe. So automatically you can get some graphs
regarding primary energy supply.

2.2.4 Execute Case Studies (1)
After creating the basic model, you can conduct many case studies. Procedures of case study are as follows;
(1) Make sure that what is difference between the basic model and case study you want to do.
This difference should be represented as input data or in the model.
(2) Make a new holder under the holder which the original model exists.
(3) Copy all files under the original model holder to new holder for case study.
(4) Change the data or GAMS model according to conditions of the case study.
(5) execute the case study
(6) Do usual analysis of the case study
(7) In order to compare the case studies(ex: case A and case B)
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1) open the out_summary.csv of case A

2) file save as xx00xxx.xIs

3) open the out_summry.csv of case B

4) copy all column E data in case B into column F in xxxxxx.xls

5) Calculate the difference from the data E column (case A)minus the data F column(case B)
6) Analyze the difference by sorting or thinking

2.2.5 Execute Case Studies(2)
Case study procedures using GAMS may be classified into several types as follows;
(1) Calculate the only specified year(only one year)
1) Click the IDE icon
2) Move the specified holder (refer 2.2.1 (1), (2))
3) file-open
file type = Includes files(*.inc)
select set_definition.inc
4) find the line
set target_year /
2006*2030
/;
5) In case that target year is 2010
change 2006*2030 into 2010*2010
6) execute the case study
(2) Only key in data change is required.
For example CO2 max value is required to be changed.
1) open the input-data.xls
2) Click the sheet name *CO2-max’
3) input a new data of CO2-max
4) click the icon “Save file’
5) execute the case study
(3) Demand data are changed

If some assumptions like GDP growth rate which would affect the energy demand are changed,

1) The forecasting model should be executed.
2) Copy the demand data into the sheet ‘demand-sec’ of  input-data.xIs.
3) execute the case study.(refer 2.2.1)
(4) Demand does not change, but power development plan changes

1) According to the plan, input the capacity of power plant increment into the sheet ‘EP-capacity’ of

input-data.xls.
2) execute the case study (ref 2.2.1)
(5)Energy flow changes
If energy flow changes, change carefully the data in sheet *‘connect’ of input-data.xIs.

Ab-2-45



It often occurs that if the energy flow changes, it is required to change the constraints in eq_definition.inc.

This operation is not so easy. You have to master GAMS to some extent in order to do this.
(Example)

current : Condensate goes only to export.

after chage : Condensate goes to export and merge into naptha.

NAP_top M_NAP
> NAP_M
> —»
topper T
Add NAP_HC NAP_coker
gas_raw condensate
—>
gas separator export

Current data of sheet “‘connect’ of input-data.xls regarding condensate is as follows;

*year energy class plant feed import export  class
2006*2030 condensate whole  gas plant gas_rawnone yes whole NP
after change

current data regarding condensate is as follows;
*year energy class plant feed import  export  class
2006*2030 condensate whole  gas plant gas_rawnone yes petron M_NAP

plant

plant

(in this case class “petron’ is picked up. If you select shell instead of petron, there is no problem. There is no

diffrence between petron and shell, because M_NAp is virtual plant, so there is no physical property.)

At the same time merging line should be defined in sheet ‘merge-set’ of input data.x|s

*year class feed plant final

2006*2030 petron NAP_top M_NAP NAP_M

2006*2030 petron NAP_HCM_NAP NAP_M current}
2006*2030 petron  NAP_coker M_NAP  NAP_M

2006*2030 petron condensate M_NAP NAP. M <+—Add
2006*2030 shell NAP_top M_NAP  NAP_M

2006*2030 shell NAP_HCM_NAP  NAP_M current}
2006*2030 shell NAP_coker M_NAP  NAP_M

2006*2030 shell condensate M_NAP NAP M <+«—Add
before change

eq_connect (2007,whole,condensate)..
Xprd (2007, whole,gas_plant,gas_raw,condensate) - Xexp(2007,condensate) =E= 0;
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eg_merge (2007,petron,M_NAPNAP_M)..
Xprd(2007,petron,M_NAP,dummy,NAP_M)
- Xcon (2007,petron,M_NAP,NAP_top) - Xcon(2007,petron,M_NAP,NAP_coker)
- Xcon (2007,petron,M_NAPNAP_HC)=E=0;
(skip regarding shell)
after change
eq_connect(2007,whole,condensate)..
Xprd(2007,whole,gas_plant,gas_raw,condensate)
Xcon(2007,petron,M_NAP,condensate) - Xexp(2007,condensate) =E=0;
eq_merge(2007,petron,M_NAPNAP_M).. Xprd(2007,petron,M_NAP,dummy,NAP_M)
- Xcon(2007,petron,M_NAP,condensate) - Xcon(2007,petron,M_NAP,NAP_top)
- Xcon(2007,petron,M_NAPNAP_coker) - Xcon(2007,petron,M_NAPNAP_HC) =E=0

After executing and analysing this case study, condensate stops export, and it is consumed as naptha. it
looks that there is no mistake in this case study.

But there is one great mistake. It is the unit. Balance equations like equation eq_connenct and eq_merge
have ‘kton’ as unit. But condensate is measured ‘MMm3’ as unit. So the unit of condensate should be
conveted from MMm3 to kton. So the definition of new set such as new name of condensate after unit
conversion and new virtual conversion plant, for example condensate_kton and trans_condensate.
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NAP_top M_NAP
< NAP_M
condens_kton g
topper 0.74 T T
conv_condens NAP_HC NAP_coker
T10
gas_raw condensate
——>
gas separator export
a) sheet name “connect’ should be revised as follows;
*year  energy class plant feed  importexport  class plant

2006*2030 condensate whole  gas plant gas_rawnone yes petron conv_condensate
2006*2030 condens_kton petron conv_condens condensate none none petron M_NAP
b) sheet name “merge-set’ should be revised as follows;
*year class feed plant final
2006*2030 petron condens_kton M_NAP NAP_M
c) sheet name ‘yield’ should be added as follows;
2006*%2030 petron  conv_condens condensate condens_kton 740

Analyzing the result, there are no unnatural values. But comparing the reference case, the rate of petroleum
products varies by year. It comes from the reason why petroleum products (haptha) come from another plant
which is not refinery site. Gas production gives the effect of production situation from refinery.

(6) An objective function is required to be changed.
1) Click the IDE icon
2) Move the specified holder (refer 2.2.1 (1), (2))
3) file-open
file type = Includes files(*.inc)
select eq_definition.inc
4) Define the new objective function
5) file-open
main program = Vietnam.gms
6) Modify the objective function name by new name
solve vietnam_1 using LP minimizing obj_cos-—>solve vietham_1 using LP minimizing Xxxxx
7) execute the case study.
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Appendix-6 Operation Manual of Outlook Summary

1. Model Configuration

The Energy Demand Forecasting Model and Energy Supply Optimization Model combined provide
energy supply and demand outlook of the future. These models produce a bunch of figures. In
order to identify features of energy supply and demand outlook projected for each case easily,
Combined Simulation Summary is prepared. This Outlook Summary consists of 7 sheets, Summary,
Overview, Energy Balance Table, Base Table, Supply, Simulation and OUT_WS. Data of Simulation
sheet and OUT_WS sheet are imported from Energy Demand Forecasting Model and Energy
Supply/Demand Optimization Model, respectively.

Energy Demand Energy Supply/Demand
Forecasting Model Optimization Model

\

/
Qb Bummary £ Overview ) Eneray Balance Table £Bage Table £Supply £5imulation FOUT WS

Figure-1 Outlook Summary Book Sheets

The “Summary” sheet is designed to show typical energy indicators to highlight features of
scenarios, cases or policy options such as primary energy supply, final energy demand and other
important sectoral figures. Projected figures are prepared annually from 2005 to 2030 with 5 year
average growth rates. The “Overview” Sheet is a one-page brief summary of the Outlook Summary
for easy reference carrying data on every five year. “Energy Balance Table” Sheet provides energy
balance table from 2008 to 2030. When entering any year from 2008 to 2030 on Cell B1, you can
see energy balance table in the year that you entered as illustrated in Figure-2.  These data are
linked to the “Simulation” and “OUT_WS” sheets. Appenxix-1, Appendix-2, and Appendix-3 in
this report show the samples of the “Overview” sheet, “Summary” sheet, and “Energy Balance
Table” sheet.

BE1 - = 2008

A B c | b | E |
1 |BAU Case 2008
Z e blat ural G{Conde nsgdCrude Ga
3 [Indigenous production ( 2076 Y21 570 37
4 |Import 5274 0 0] 14584
5 |Export 0 \o =
6 |Total Primary Energy S upphy 7350 e ims Enter Year
7 |Transformation Sector —6024| —2243
8 |Electricity Plants 6024 2243 0 0
5 |Petroleum Refineries 0 0 0] —14036
10 |Bicethanol Plants 0 8] 8] 0
11 |Biodigsel Plants 0 u] u] 0
12 |Erergy Sector 0 0] 0] -585

Figure-2 Energy Balance Table Sheets
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2. Copy & Paste of Simulation Sheet

Data on the “Simulation” sheet is copied from Simulation sheet of the Energy Demand Forecasting
Model. When you paste the data on the “Simulation” sheet in Demand Forecasting Model, you
should select “paste special” and “value” as illustrated in Figure-3. Do not copy the “Simulation”
sheet itself but the “Value” only, since the contents of the table are linked to other sheets within the
Outlook Summary book.

1. Open Simulation sheet of Energy Demand Forecasting Model

J File | Edit Wiew Insert Format Tools Daka ‘Window Help

J D g”‘ K3 Can't Undo Chrl+Z E E | K7 - | % Z fx %l | ﬂ @ ?JTaho
O CantRepeat  ChFY 093529 2. Select L4AZ642 j
E [ | mr— A I L

1 Cut i TREND 37 3

2 E ]| Copy Ctri+C 3. Select Copy h] TIME 2026 2027
603 &0 (R, paste Chrl+y KTOE  [CHTO 512 s
[604| 60 &
bos| g "ostedpsdal. KTOE _ [BMCO 0 i
606 s Faste as Hyperlink | Gas KTOE  |BMNG i |
boz| 0 —— LPG KTOE  |BMLP 0 |
[6os| eoi  Fil » Gasoline KTOE  |BMGA ] i
608 | &0 Clear » Kerosene KTOE EMKE ] |
10| &1 Diesel KTOE  |BMDI 133 14
[611] g1 Delet= Fuel 0 KTOE  |BMFO 222 3l
612] &1 Delete Sheet Eum Products Total including Bio-Fuel KTOE EMPP 362 37
93] &1 Woveor Copy sheet.,,  Fneray Total KTOE  |BMFE 362 37
Ba4| 1. — 7 TTTTT Rice hull KTCE  [BMRH 0 |
615] A1 ) Charcoal KTOE BMCH il |
616 1, End... chri+ Fuel wood KTOE  |BMFW 0 |
[617] &1 Replace... Crl+H Bagasse KTOE  |BMBA 0 |
|618) 6l Go To... Chrl4+G Coconut residue KTOE EMCR. 0 |
619 g1t — Animal waste KTOE  |BrMaw 0 |
620| 621 [jfs, s Total KTOE  |BMBI 0 |
621 &z - Hity KTOE  |BMEL 99 a2
22| ez OWECT KTOE  [BMTO 460 47
lb23| 6z3]
624l rr4[FPPR [Pamer & Poinlcnal KTOF PACO) n i

4. Open Simulation sheet of Outlook Summary

Ml sl @
DEeES Sy 2R @ = A 8% e - @, Teoms
L4 j =| 60823829

E F G H | J K L
1 TREND 1
? |E F G H 1 ] TIME 1t
3
4 4|ADE Econormy Population Popul ion POPU 50.94
5 5 G
5 5|ADB Urba 5. Set cursor on L4 UBNPOP | ]
7 7 L UBNPOR. 0.47
8 g
k] 9|ADB Labor Forc Labor Force Thousand
10 10|ADB Employed Thousand
11 11|ADB Agriculture Thousand
12 12|ADB Manufacturing Thousand
13 13|ADB Mining Thousand

J File | Edit Wiew Insert Format Tools Data Windc FastebHERE] 2]x
§ Paste
J [ @ %7 Cantk Unda (g o % E | o &l £ Comments

LY Canlt Repeat  Chrl4Y 0935829 —

7. Click Value

|

o — :
7o Copy 6. Select Paste Special Operation -

- ' None £ Mulkiphy
3 " add " Divide
4 Bu pulation Popul: " Subtract
5 arc
6 Urban " Skip blarks [~ Transpose
7 Ik
] Paste Link | | Ok I_ 8. Click OK

Figure-3 Copy and Paste of Simulation Sheet
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3. Copy & Paste of OUT_WS Sheet
Data on the “OUT_WS” sheet is copied from “OUT_WS.CSV” file that is created by Energy
Supply/Demand Optimization Model as illustrated in Figure-4.

1. Open OUT_WS.CSV

Ei|e|§dit Wiew Insert Format Tools Data ‘Window Help

D@ Pcitnd iz h@lo-|laz s8R 2

O Cant Repeat @bl rirmary Energy Supply

JMSF':TW»D - EH

c | b | E

N [ — 2. Select A1:N197 |-
L2 I & past chlayJral GaccondensateCrude O rioomg SRR T F

3 2439 247478 900014 0
4 | :z: 3. Select Copy 2646 213231 8785 0
|5 | = = 3675 23087 8785 0
| 6 | Fill » {3065 6O7.64 3675 248508 8785 0
| 7 | Clear » 5388 70114 3675 2661.47 932742 0
| 8 | Delete... 8683  704.68 3675 2837.86 032742 0
= Delete Sheet 7535 67648 3675 301424 532742 0
110 | Move or Copy Sheet...  195.73  711.42 3675 319063 932742 0
1] ———— o757 B86.3 3675 3367.02 032742 0
(12| @4 End.. CHF 0757 886.3 3675 35434 134257 0
13 ] Replace...  CultH  §O757 886.3 3675 371979 134257 0
114 | G Ta.., e §07.57 886.3 3675 382618 134257 0
asy o joisT 886.3 3675 407256 134257 0
116 | K 3936  771.28 3675 424895 134957 0
117 | Object 2213 1791 3675 442533 13666.77 ]

4. Open OUT_WS sheet of Outlook Summary

J File Edit %ew Insert Formak Toaols Data  Win J@ File | Edit Miew Insert Format Tools Data  Window

DEHSSRY s BB|o. [D@Oued 2 bh@ o (@

(&) Repeat Close  Chrl+Y

A
A = | o | oot chlvx | D
1 1—: Copy Chrl+C
2 . —2 E aste Chrl+Y
T 5. Set cursor on Al 5 EBaste Ck
_4 %
2 5] Fill 3

Figure-4 Copy and Paste of OUT_WS Sheet
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Now you have completed the procedure to produce three summary sheets, namely,
summary, overview and Energy Balance Table, where other four sheets are used to

provide base data.
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