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Objectives

• Estimation of damages of human health due to
atmospheric emissions of five major thermal power
plants of Pakistan

• Assessment of possibilities to reduce the damages
of human health



Methodology

QUERI module of the SimPacts model was used to
estimate the health impacts



Power system of Pakistan
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Stack parameters
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Depletion velocities

• For Pakistan, data for depletion velocities are not
readily available

• Some studies are available showing results
(concentration) of dispersion models applied for air
emissions from power plants in Pakistan
(Environmental Impact Studies).

• The studies are for SO2 and NOx  only



Depletion velocities (contd..)

Depletion velocities (k) of SO2 and NOx were determined
with help of their concentration data and the following
equation.

C =         Q      e _ kr/uh

  2� uhr

Where C is concentration in _g/m3, Q is pollutant emission in _g/second, h is
mixing height in meters, r is distance in meters, u is wind velocity in meter per
second and k is depletion velocity in meters per second



Depletion velocities (contd..)

Correlation coefficients among depletion velocities, wind speed and precipitation rate based
on data in  Spadaro [2002]
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Depletion velocities of PM10, Sulphate and Nitrate were estimated with the 
help of following correlations 



Depletion velocities (centimetres per second)
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Exposure Response Functions
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Exposure Response Functions (contd..)
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Unit damage costs in US $ of 2000
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Findings of the study
(Results of the Model)



 Health damage costs of power plants in year 2001
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Public health damage by impacts
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Public health damage by pollutants

Contribution by pollutant
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Sensitivity Analysis

Sensitivity analyses were performed  to study the
effects of:

 stack height,

fuel switching,  and

depletion velocities



Impacts of  Stack Height
Sensitivity analysis were performed by changing the stack heights,
for each of the power plant, in the range of 75 meters to 250 meters
by a step of 25 meters. It was found that:
�change of stack heights of GTPP and KAPCO do not affect the

damage costs caused by these plants.
– Both emit small quantities of PM10.
– Both plants are located in rural areas. Damages of SO2 and NOx are

insignificant compared to damages of sulphate and nitrate. Sulphates
and nitrate are formed from their precursors and their damages are
independent of stack heights.

�Increase in stack heights decrease the human health impacts of
BQTPP, HUBCO and MTPP.

– Damages of BQTPP remained constant beyond 200 meters stack
heights.

– Health costs of HUBCO continuously decreases beyond study limit of
250 meters. But, after 200 meters, impacts of increasing stack height
were insignificant for HUBCO



Impacts of fuel switching on health damage costs
(cents/kWh)
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Impacts of  depletion velocities

It has been found that human health damage costs of
BQTPP and HUBCO are decreased by 23% by using the
same depletion velocities as used for the MTPP, KAPCO
and GTPP.



CONCLUSIONS

• Atmospheric emissions of the thermal power plants adversely
affect the human health, particularly in the form of Long-term
Mortality and Chronic Bronchitis.

• The human health damages caused by five major thermal
power plants of Pakistan are US$ 166 million which are about
39% of total public sector expenditure for the health sector.
These damages can be as high as 626 million US dollars -- 147%
of the public health sector expenditures of the country.

• Reduction in damage costs through increase of stack height is
marginal in case of BQTPP, HUBCO and MTPP. Increase in
stack height is ineffective in case of KAPCO and GTPP.

• Use of cleaner fuels (LSFO and Natural Gas) can reduce upto
80% of human health damages.


