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ABSTRACT

Life cycle impact assessment models according to 1ISO 14042 are proposed to
examine the product system from an environmental perspective using characterization
and weighting factors developed for Thailand. The characterization is classified into
two approaches: midpoint and endpoint (damage). Impact assessment systems based
on endpoint damage have been brought to international attention in recent years to
improve the transparency and the reliability of life cycle impact assessments. The
damage of category endpoints caused by the emission of substances has to be
quantified and used to construct this system because these assessments will be the
fundamentals of methodology. It is important to involve the latest and most detailed
knowledge based on natural science in the assessment of endpoint levels. The results
of damage functions will be integrated into the level of safeguard subjects and a single

index based on social sciences such as economics.
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Therefore, the objective of this study is to develop the environmental impact
assessment model using characterization factor and weighting approaches. The
characterization factors related to global warming, human toxicity, ecotoxicity,
eutrophication, and acidification impact categories and amount of damage differ
depending on environmental with cover subjects of safeguard are human health, social
assets, biodiversity and primary production. Weighting factors determined the amount
of willingness—to—pay to avoid a unit quantity of damage on every safeguard subject.

This study derived new characterization factors of global warming for 63
greenhouse gases that quantify the impact of an emission change on human health,
social assets, and primary production damage. For human health damage, the
Disability Adjusted Life Years (DALY's) per unit emission related to malaria, diarrhea,
cardiovascular diseases, malnutrition, and natural disaster were quantified. For social
assets damage, the economic loss of agricultural production (Baht) including rice and
soybean per unit emission was calculated. Finally, for primary production damage, the
Net Primary Production (NPP) per unit of emission related to forest areas at any
location in the world was quantified. It was found that the midpoint approach was
similar to other LCIA methods, while the endpoint factor for human health damage by
carbon dioxide (CO,) is 0.55 DALY per kton of emission, social damage is 6.39 x 10°®
Baht per kton of emission, and primary production damage is 49.81 kg per kton of
emission.

The effect of chemical substances on human and biodiversity health damage
were based on the multi-media box type fate and exposure model via the IMPACT
2002 model, with the model adapted to Thailand. Human health damage factors are
expressed in terms of DALY per kg of emission. The development method includes
four steps: fate analysis, exposure analysis, potency, and severity analysis. This study
derived new damage factors of 144 chemical substances that quantify the impact of an
emission change on human health damage. It was found that the characterization
factors for human health damage range from 1.0x10° to 1.3x10° DALY per kg

emitted. For biodiversity damage factors, expressed in terms of the expected increase
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in number of extinct species (EINES) per kg of emission, damage ranges from 1.0 x
10™ to 2.8x10™ EINES per kilogram emitted.

The eutrophication effects on social assets are based on fate analysis, damage
assessment, and impact assessment of water areas in Thailand. Social damage factors
are expressed in terms of Baht per kg of emission. This study derived new damage
factors of seven eutrophying substances, which range from 0.14 to 175 Baht/kg of
substances.

Finally, the endpoint effects of acidification indicated that it will definitely and
seriously destroy the growth rate of plants, which is shown in terms of the value of
NPP per kg of emission, and damage to buildings can be shown via the maintenance
social assets cost (Baht) per kg of emission. It was found that the characterization
factors for primary production damage range from 0.02 to 3.71 kg per kg of emission,
while social assets damage ranges from 0.79 to 134.63 Baht per kg of emission.

Contingent Valuation Method (CVM) technique was used to estimate the
amount of willingness—to—pay to decrease environmental problems for every
safeguard subject. The main study included two main groups: groupl were experts in
economics, environment, science, and LCA, and group2 were from various
backgrounds and categories. This study was a face—to—face survey conducted with the
interviewees using a single-bounded question, close-ended survey. Questionnaires
were put forward using the four starting bids of 100, 200, 500, and 1,000 Baht per year
per individual and data was collected over all the sub-regions of Thailand, with a total
of 418 samples. The estimation used the conditional probit model, based on Random
Utility Maximum (RUM). Total value of willingness to pay to decrease human health,
social assets, biodiversity, and primary production damage was 857, 836, 787, and 809
Baht per unit of safeguard subjects: DALY, Baht, EINES, and kg, respectively.

The results of this study can identify the major environmental impact aspects
of power production from five types of power plant: coal-fired, natural gas-based on
combined—cycle and thermal power, hydro, and solar, used to evaluate different

environmental loads caused by power generation. The environmental cost of power
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plants was found to be in the range of 4.54E-14 — 178.90 Baht/kWh. It is clear that the

impact potentials, damage, and integrated emissions affect the unit of cost.

Keywords: impact assessment model, endpoint damage, electricity power plant, life

cycle assessment, weighting
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