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Abstract

The comparison of three electricity generating options were considered: Coal-fired Thermal

Power Plant without Flue Gas Desulfurization (FGD), Coal-fired Thermal Power Plant with FGD

and Combined Cycle Power Plant with 300 MWgenerating capacity each.

The system expansion for both the nuclear and non-nuclear options show an increasing share

in the installed capacity of coal fired plants. Considering the high ash content and sulfur emission of

coal-fired power plants, this plant type was assessed further in terms of health and environmental

effects using the IAEA's computer tools such as QUERI, RUWM and DAM. Since all coal-fired

power plants in the country have likewise not been equipped with FGD, another option studied is that

of coal plant using FGD, with the objective of eliminating excess pollutants, which was assumed to

have 90% removal efficiency.

In view of this forecast on coal plants, there is an ever-increasing need for the use of new

technologies to be used in order to decrease health impacts of the use of coal as fuel. Thus, based on

the analysis of three alternatives, the use of coal-fired power plants equipped with flue gas

desulfurization (FGD) should be seriously considered.



PHILIPPINES CASE STUDY

COMPARISON OF HEALTH IMPACTS, COSTS & BENEFITS OF DIFFERENT
GENERATING TECHNOLOGIES USING IAEA'S TOOLS/METHODOLOGIES

I. INTRODUCTION

It is the policy of the state to provide reliable and affordable energy supply, but at the

same time, reflecting the true cost of electricity to the people. Under the previous regime where

providing electricity was a monopoly, the government was not able to provide electricity in an

affordable manner thus, giving heavy subsidies to other sectors. Meanwhile, under the

restructured power industry, it is the primary objective of the government to provide a level-

market playing field to encourage competition and to avoid possible collusion among a still very

few players. This way, the "full cost" of providing electricity will somehow be reflected. But the

"full cost" could still be not the real cost or the social cost because it does not yet reflect

externality costs of providing electricity. This situation justifies the need of having externality

costs accounted in calculating the full cost of electricity. The premise likewise necessitates the

use of methodologies and tools to properly account for externalities.

Objectives:

The purpose of the study is to estimate and compare the health impacts, damage

costs and benefits of different generating technologies and to compare results using the

IAEA's computer tools or methodologies such as QUERI, RUWM and DAM resulting

from atmospheric releases of pollutants such as SO2 and particulate. Further, it is also

aimed at probably identifying a model that will be suitable in the Philippines new energy

environment, that is, a restructured energy industry. The comparison of three electricity

generating options are considered: Coal-fired Thermal Power Plant without Flue Gas

Desulfurization (FGD), Coal-fired Thermal Power Plant with (FGD) and Combined

Cycle Power Plant with 300 MW generating capacity each.



Background

Power Development Program of the Philippines. The power development

program (PDP) of the Philippines for 1999-2008 covers generation, transmission, and

distribution requirements to support the country' rural electrification program.

The updating of the PDP for the country's main island grids of Luzon, Visayas

and Mindanao takes into consideration the following:

a. the proposed restructuring of the power sector
b. the privatization of the National Power Corporation (NPC);
c. least cost planning that takes into account the diversification and self-

sufficiency objectives of the Philippine Energy Plan (PEP)
d. the interconnection of the three major island grids by year 2003, and
e. the retirement schedule of aging power plants

As part of the government's missionary electrification program, development of

power supply for small island grids and off-grid areas will continue. This is anchored

principally on the availability of government support for setting up of decentralized

conventional and new-and-renewable energy-based (NRE-based) electrification systems

and line extension to areas where the beneficiaries are unable to pay for the full cost of

providing such energy systems. The distinguishing component, however, of this

electrification program is its objective of providing not only electricity but also livelihood

opportunities for the people in these communities. This is one of the poverty alleviation

components of the PEP.

The PEP update projects that more than 22,000 MW of installed capacity will be

required by the end of 2008 to supply the electricity requirements of the main grids, the

small-island grids and that of the missionary electrification program of the government. It

is also projected that by 2008, about 95% of all villages or barangays in the country

would be enjoying the benefits of electrification.

Projected Power Demand. Demand for electricity is estimated to grow at a

robust 9.1 percent per annum during the planning period. To meet this demand, a total of

13,084 MW of installed generating capacity will have to be added to the 1998 level of



11,615 MW. With 2,588 MW of aging oil-and coal-based thermal power plants

scheduled for retirement between 1999 and 2008, the net installed capacity by 2008 will

reach about 22,111MW.

Of the 13,084 MW to be built up during the planning period, 7,023 MW are

already in various stages of construction and bidding while the balance of 6,061 MW are

still to be bidded out.

The installed capacity of power plants fueled by indigenous sources will increase

2.4 times from 5,061 MW in 1998 to 12,920 MW in 2008. The power sector will

therefore increase its sufficiency level from 43.5 percent in 1998 to 55.6 percent in 2008.

The cumulative installed capacity by fuel type for the main grid is presented in Table 1.

Table 1. Cumulative Installed Capacity (in Megawatts)
Main Grids
Oil-Based
Local Coal
Imported Coal
Hydro
Geothermal
Natural Gas
NRE/OSW
Other Fuels

1998
5,504

850
1,050
2,302
1,906

3
-
-

2000
4,966

850
2,820
2,519
1,954

6
-
-

2004
4,387

795
3,020
2,992
2,014
2,736

45
100

2008
3,601
1,795
3,020
3,970
2,464
3,736

325
3,200

Description of the Case Study

Table 1 shows an increasing share in the installed capacity of coal until 2008.

Considering the high ash content and sulfur emission of coal-fired power plants, the team

decided to consider the plant as one of the options. Meanwhile, since all coal-fired power

plants in the country has likewise not been equipped with FGD, another option was

identified as that of coal plant using FGD with the objective of eliminating excess

pollutants. All parameters are the same with coal power plant except for the emission

which the team made an assumption of 90% removal efficiency. Another option being

considered is a Combined Cycle Power Plant.



II. Documentation of Input Data

Coal Fired Thermal Plant. The plant is located in Batangas City which is

considered as a medium urban with an estimated local receptor density of around

600 persons per square kilometer (pers/km2). The technology type of the plant is a

conventional pulverized coal-fired boiler and steam driven turbo generators. The fuel of

the plant consists of a mixture of local coal (Semirara) and imported coal mainly coming

from Australia, with a higher heating value of 20.27 MJ/kg and 26.13 MJ/kg for Semirara

and Australia, respectively. The plant has an emission presented in Table 2. Depletion

velocity and exposure response functions were based on the Mae Moh analysis which are

presented in Tables 3 and 4, respectively. For meteorological data, since the Philippines

is a tropical country the team decided to use Indonesia's meteorological data as they are

somehow have similar climatic characteristics. Considering this assumption, the team

was able to determine Pasquill-stability classes by running the MESTAT model, listed in

Table 5. Local population data was likewise estimated to calculate QUERI estimate 3.

For Coal-Fired Power Plant with FGD, almost all of the parameters and

assumptions are the same with the conventional coal power plant except for the emission.

The team made an assumption of 90% emission reduction. (See Table 6)

Table 2. Air Emission
Emission (Q, g/s)

Coal Fired Power Plant without FGD
Coal Fired Power Plant with FGD
Combined Cycle Power Plant

SO2

550
55

8.25

PM10
71
7.1
6.5

Table 3. Depletion Velocity (from Mae Moh Analysis)
Pollutant

so2PM10

Depletion Velocity (cm/s)
2.1
0.4



Table 4. Exposure Response Functions for Public Health Impacts from Thailand Estimates
(from Table 6.2,7-Materials)

Pollutant
PM10 (Acute Mortality)
SO2 (Acute Mortality)
PM10 (Chronic Mortality)
SO2 (Chronic Mortality)
PM10 (Respiratory Hospital Admission)
SO2 (Respiratory Hospital Admission)

ER f (yoll/yr.rec.|j,g/m3)
10.5 x 10"6

10.5 x 10"6

230 x lO'6

230 x lO'6

5.7 xlO"6

5.7 x 10"6

Table 5. Pasquill-stability Classes (climatic data-estimated)
Wind Speed (U, m/s)
PSQ Class A
PSQ Class B
PSQ Class C
PSQ Class D
PSQ Class E
PSQ Class F

5.4
0.8
4.3
8.5

57.9
16.6
11.9

Table 6. Other Operational Parameters

Plant Characteristics

Stack Height (Hs, m)
Stack Diameter (DE, m)
Exhaust Temperature (TE, °K)
Exhaust Velocity (VE,)
Flowrate (U, m3/s)
F (F, Nm3/s)
Risk (rsk) PM10
Risk (rsk) SO2

Coal Fired Power
Plant

Without FGD

120
1.75
419
12.4

119.3
77.7

57
100

Coal Fired Power
Plant

with FGD (90%
reduction)

120
1.75
419
12.4

119.3
77.7

57
100

Combined Cycle
Power Plant

150
1.75
439
12.0

84.84
71.1

57
100

Combined Cycle Power Plant (CCPP). The plant is a Gas Turbine combined

cycle power plant with guaranteed capacity of 300 MW. It uses two kinds of fuel:

industrial fuel oil (IFO) and diesel fuel oil (DFO). The fuel is mixed with a blending

system by static line mixers with varying blending volumetric ratio of 70% - 30% to 50%

- 50%. Additive dosing method is provided to remove impurities and contamination of

the fuel and to aid in water/oil and oil/water separation. The calorific value of the fuel for

IFO and DFO are 41.24 and 42.36 MJ/kg, respectively. The plant has an emission

presented in Table 1. Depletion velocity and exposure response functions from the Mae



Moh analysis were also used. For Pasquill-stability classes, the result of the METSTAT

run was utilized which is listed in Table 5. Likewise, local population data are estimated .

III. Documentation of the Results:

For estimation of the results, the methodologies used were QUERI, RUWM and

DAM. Inasmuch as the team wants to come up with reasonable results, more than half of

the time allocated in the preparation of the study was utilized in running the QUERI

model. All possible resources were utilized and gathered and in the absence of other

information, a reasonable estimation was made. As advice by one of the IAEA experts,

the team borrowed from Indonesian team the local meteorological data and the former

likewise assisted in the estimation of latitude, longitude and standard meridian data.

The comparison of results from QUERI and RUWM can be found in the table

below. For particulate impacts, QUERI estimate 2 and RUWM estimate 2 have shown

comparable results for all of the generating options. Meanwhile, some of the data has to

be revised to arrive at a reasonable result for the impacts of SO2 emissions. After some

sensitivity analysis and putting appropriate estimation of other information, the team

arrived at a more comfortable level of comparison of SO2 impacts using QUERI estimate

3 and RUWM simple uniform world model (SUWM). This suggests that the site ED to be

used should be 0 but due to time limitation the team was constrained to use the last run

which we decided to be the final run.

Results from the RUWM and QUERI

RUWM Estimate 2
PM10

Without FGD
With FGD
CCPP

Acute Mortality
(cases/yr.)

22.04
2.20
1.85

Chronic Mortality
(case/yr.)
482.78
48.28
40.55

RHA
(Yoll/yr)

11.96
1.20
1.00

QUERI, Estimate 2
PM10

Without FGD
With FGD
CCPP

Acute Mortality
(cases/yr)

20.89
2.09
1.77

Chronic Mortality
(cases/yr)
457.50
45.75
38.83

RHA
(Yoll/yr)

11.34
1.13
0.96



RUWM (SUWM)

so2

Without FGD
With FGD
CCPP

Acute Mortality
(cases/yr)

20.08
2.01
0.77

Chronic Mortality
(case/yr.)
439.70
43.97
10.69

RHA
(yoll/yr)
10.90
1.09
0.42

QUERI, Estimate 3
SO2

Without FGD
With FGD
CCPP

Acute Mortality
26.92
2.69
0.33

Chromic Mortality
589.80
58.98
7.26

RHA
14.62
1.46
0.18

Table 7 below summarizes the results from coal and combined cycle power plant

options. The resulting damage costs of having coal instead of combined cycle is found to

be higher than the levelized generation costs and the cost benefit ratio is less than 1

which suggests that having a combined cycle power plant found to be beneficial.

Comparing QUERI and RUWM, the costs per lives saved obtained from the latter is

higher due to a lower number of lives saved in a year which is based on the health

impacts from both estimation.

Table 7. Comparison of Coal Plant without FGD and Combined-Cycle Power Plant

Damage Cost No-FGD
Damage Cost - CCPP
Reduction in Damage Cost
Capital Cost - CCPP
Annual O&M + Fuel Cost
Levelized Investment Cost
Cost Benefit Ratio
Deaths No-FGD
Deaths CCPP
Life Saved per Year
Total Live Saved
Cost per Lives Saved
Cost per Lives Saved ($/kWh)
Damage Cost ($cents/kWh)
Production Cost ($/kWh)
Electricity Generation (kWh)
Levelized Generation Costs ($/kWh)
Private Cost ($cents/kWh)
Social Cost ($/kWh)

QUERI
$ 87,212,422

$ 3,837,492
$ 83,374,930

$ 256,800,000
$ 33,504,145
$42,064,145

0.5
168 deaths/yr.

7 deaths/yr.
161

4,832
$8,705
0.0290

2.90
140.21

1.57E+09
0.0213
2.1286
0.0503

RUWM
$76,819,315

$ 4,307,586
$72,511,729

$ 256,800,000
$ 33,504,145
$42,064,145

0.6
148 deaths/yr.

9 deaths/yr.
140

4,194
$ 10,030

0.0334
3.34

140.21
1.57E+09

0.0213
2.1286
0.0547



Table 8 likewise prohibits the same results only that it compares coal-fired plant

with and without FGD. The cost of lives saved by using FGD is a little lower than that of

having a combined cycle for both QUERI and RUWM. Levelized generation costs,

however, showed that combined cycle is a little bit lower than that of FGD.

Table 8. Comparison of Local Coal With and Without FGD

Damage Cost No-FGD
Damage Cost - FGD
Reduction in Damage Cost
Capital Cost - Coal Plant
Cost of FGD
Annual O&M + Fuel Cost
Levelized Investment Cost
Cost Benefit Ratio
Deaths No-FGD
Deaths CCPP
Life Saved per Year
Total Live Saved
Cost per Lives Saved
Cost per Lives Saved ($/kWh)
Damage Cost
Production Cost ($/kWh)
Electricity Generation (kWh)
Levelized Generation Costs ($/kWh)
Private Cost
Social Cost ($/kWh)

QUERI
$ 87,212,422

$ 8,721,058
$ 78491364

$231030800
$38,950,000

$31,115,263
$40,114,623

0.5
168 deaths/yr.

7 deaths/yr
152

4,549
$ 8,562
0.0285

2.85cents
129.83

1.57E+09
0.0255

2.5486 cents
0.0540

RUWM
$76,819,315

$ 4,307,586
$69137483

$ 256,800,000
$38,950,000

$31,115,263
$40,114,623

0.6
148 deaths/yr.

9 deaths/yr.
134

4,007
$ 9,720
0.0324

3.24 cents
129.83

1.57E+09
0.0255

2.5486 cents
0.0579

In our DAM analysis, we found out that by using acute mortality cases, coal-fired

power plants seemed to be always better than coal-fired plant without FGD and combined

cycle power plant. In the SO2 analysis, the level of cost per ton of emission by which the

three generating options reached the level of pareto-optimality is found to be in a higher

range of about 165 compared to the range of 12 - 194 $/ton. Meanwhile, PM10 analysis

showed otherwise with the level of only 1,593 $/ton compared to the range of 430-6889

$/ton.



IV. Conclusions

B-Glad model is a computer tool that quantifies the effects of airborne pollution.

It has been noted that this model utilizes a simplified approach that requires a minimum

amount of data and with reasonable or accurate results in order to facilitates faster

decision making. B-Glad consists of several computer tools such as QueRI, RUWM,

Airpact, Urban Model and DAM.

Queri generated two output files, the impact file and the concentration file. The

Concentration file showed the distribution of the pollutants selected over the population

area. The Impact file gives the Year of Life of Lost (YOLLS) data for the Acute

Mortality for PM10 and SO2. For the accuracy of the results of the health impacts, the

RUWM results is being used and compared it with the Queri Model. The health impacts

of the two programs are very similar. This data was used for the calculation of the

Damage Cost, Social Cost, Levelized generation costs and Life Saved per year for every

plant option.

The cost of lives saved by using Coal Plant with FGD is a little lower than that of

having combined cycle. Levelized generation costs showed that combined cycle is a little

bit lower than that of coal plant with FGD.

Under the Decision Aiding Module (DAM), the three main alternatives are the

Coal Fired Power Plant with and without FGD and the Combined Cycle Power Plant; for

the criterion, the emission, Annualized Cost, and Damage Costs was being used. The

Basic Criterion was the Annualized Cost. The DAM results indicated that using acute

mortality cases, coal fired power plants with FGD seemed to be always better than coal-

fired plant without FGD and combined cycle power plant.

From QueRi, RUWM and DAM result, therefore, the best option was the Coal

Fired Power Plant, which is equipped with FGD.



V. Recommendations

During the process, we found out that appropriateness and completeness of

information is very invaluable in order to have reasonable and useful results. In addition,

a lot of "sanity' checks and sensitivity analysis has to be done to get better estimates. In

one way or another, we found the usefulness of the models especially if it is providing

you with comparable and comfortable results. Nonetheless, we're in a situation of

deciding the best model that will be useful in our new energy environment (restructured)

and this could be considered also as recommendation for the IAEA to provide us with the

necessary tool that is applicable in the Philippines.

Another thing we found out is that the time allotted for the case study was too

short and we could not able to perform other program/analysis of the case. One

recommendation probably is for the next training like this to be conducted near the hotel

where the participants are billeted for them to avail of longer working hours in preparing

their case studies. Or they should inform the participants of the situation for them to also

bring the necessary materials/equipment (e.g., laptop computer, etc.).
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