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Conservation of Material and Energy

e INTRODUCTION — UNIFYING THEORIES
0 Conservation of Matter = Chemical Reactions (Bio-Sensor)
0 Conservation of Energy => Laws of Thermodynamics (Entropy)

o Conservation of Matter and Energy => The Theory of Relativity (E=MC?)
= E =(2.2x10")(m): conversion of 1 g of matter to energy => 2.2 x 10'* calories.

e MATERIAL BALANCE
0 Control Volume, Control Mass, and System
O Steady State vs. Transit or Dynamic => Rate of Change => Sink/Source
(Accumulation Rate) = (Input Rate) — (Output Rate) + (Transformation Rate)

S oK N A N RE R = T (S A ER)
= Balance = deposit — withdrawal => Az » (35 4%) ~ £ J1(3&4%) ~ F#2 F 5%

O Steady-State Conservative Systems => Non-conservative Pollutants

0 Batch Systems with Non-Conservative Pollutants

e ENERGY BALANCE
O First Law of Thermodynamics
= Thermal Unit of Energy; Specific Heat Capacity
= Latent Heat, Overheated Stream, Subcritical and Supercritical
= Pressurized Water Reactors /& -k 5 ¥ &% (vs. Boiling Water Reactors i -k 3¢)

0 Second Law of Thermodynamics
= Energy: Heat, Kinetic Energy, Potential, Electricity, etc.
= Work, Unusable Energy, Entropy and Disorderness/Randomness
= Thermal Efficiency: Carnot Engine => Fuel Cell
= Thermal Power Plants: Coal, Oil and Natural Gas; Combined Cycle (4F 7% )

o Conductive and Convective Heat Transfer

0 Radiant Heat Transfer
= Solar Energy: Heat vs. Photovoltaic
O Heat Engine vs. Heat Pump (% &)

e UNIT OF MEASUREMENT
0 Basic Units: Length, Mass, Time, and Temperature

O International System of Units (SI) vs. Imperial System (U.S. customary units)
o SI Unit Prefixes and Greek Alphabet => Appendixes
0 Extended Units: Concentration, Dose, ppm(m), ppb(v), Energy, “Equivalent”

= Units for Air Pollutants: ppm(v), ppb(v), ug/m?, iTEQ
= Units for Water Pollutants: mg/L, ppm(m), p-mho/cm
= Units for Soil Contaminants: mg/kg, meq/100g (CEC)



