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Introduction

Recap of the last  three shows

· The difference between Science and Technology

· A basic definition of Energy

· The basic types and forms of Energy

· An example of Electrical Energy: The transformation of solar energy into electrical energy

· Can a solar electrical system be sufficient to power Haiti? A discussion of the solar electrical energy potentials of Haiti

Today we would like to revisit the above subjects and introduce the concept of hydroelectrical energy

1) What is the Difference between Science and Technology

Science is a systematic methodology which attempts to collect accurate information about reality and tyo model it in a way which can be used to make reliable and concrete and quantitative predictions about future events and observations. 

Science refres to a system of acquiring knowledge based on the scientific method as wellas  to the organized body of knowledge gained through scientific research.

Technology is a broader concept that deals with the usage of tools and crafts and how it affects our ability to control and adapt to our environment.

2) A basic definition of Energy

In general, the word Energy can be paraphrased as "an agent that causes changes", to a system mostly causing the system to change from its current state to a new state. 

For example, let us consider a system which consists of a  bowl with water in it and let us call it system one. 

· We now take the bowl with the water and place it on the stove. 

· At this point, system one is at rest (or in a state of equilibrium) on the stove. 

· We now proceed to turn on the stove, thereby changing system one from bowl+water to system two: bowl+water+fire.

· After 15 minutes, the water begins to boil and the state of system two changes once again from: bowl+water+fire to bowl+water+fire+water vapor.

· Eventually after some period of time, all of the water in the bowl has been transformed into water vapor.

The fire from the stove was the agent that caused  the state of the original system to change. 

But where did the wator vapor go? And where did the fire come from?

To answer the first question, we note that the wator vapor will be passed onto another system which is the surrounding environment. If the stove is inside your kitchen most likely, the water vapor will be absorbed by the kitchen walls, the furniture inside your house, etc… In effect therefore, the wator vapor did not just disappear, the energy from the fire was transfromed into water vapor and the water vapor was transformed (absorbed) by the surrounding environment.

To answer the second question, we note that the fire from the stove came from either gas or electricity and therefore the energy from the gas or the electricity has been transformed into fire. 

We conclude from the answers to the two questions that :

Energy cannot be created nor destroyed and we say that Energy is a conserved quantity, meaning that it can only be converted from one form into another. 

3) The basic forms of energy

The various forms of Energy are classified into the following:

Kinetic Energy due to Movement or Motion of particles 

Kinetic Energy is the Energy by virtue of the motion of an object. It is defined as the work needed to accelerate a body from rest to its current velocity. 

Having gained this energy during its acceleration, the body maintains this kinetic energy unless its speed changes. Negative work of the same magnitude would be required to return the body to a state of rest from that velocity.
Potential Energy, due to either stored energy or gravity or both 

Potential energy is the Energy that is by virtue of the relative positions (configurations) of the objects within a physical system. This form of energy has the potential to change the state of other objects around it, for example, the configuration or motion.
Various forms of energy can be grouped as Potential Energy. Each of these forms is associated with a particular kind of force acting in conjunction with some physical property of matter (such as mass, charge, elasticity, temperature etc). 

Electrical Energy, Energy due to power flow 

Electrical energy can refer to several closely related forms of energy including the following:
· The energy stored in an Electric Field 

· The Potential Energy of a charged particle in an electric field 

· The energy provided by Electricity 

In any of these cases, the SI unit of Electrical Energy is the Joule. The unit used by many electrical utility companies is the Watt-hour (Wh) or the Kilowatt-hour (kWh).

Nuclear Energy, energy due atomic collision

Nuclear energy is energy released from the atomic nucleus. It follows the conversion of its mass to energy consistent with Albert Einstein's formula E=mc² in which E = Energy, m = Mass, and c = The speed of light (a physical constant). However, the mass-energy equivalence does not explain how the reaction occurs, but rather nuclear forces do.
Nuclear energy is released by one of three nuclear reactions:

· Fusion, the fusing together of atomic nuclei. 

· Fission, the breaking of the binding forces of an atom's nucleus. 

· Decay, is a term used for the slower natural fission process of a nucleus breaking down into a more stable form. 

Radiant Energy, Energy due to the motion of light 

Radiant energy is the energy of electromagnetic waves. The term is most commonly used in the fields of:

· Radiometry Energy

· Solar Energy

· Heating Energy 

· Lighting Energy

but is also used less frequently in other fields (such as telecommunications). The quantity of radiant energy may be calculated by integrating radiant flux (or power) with respect to time and, like all forms of energy, its SI unit is the Jule. 

In applications involving transmission of power from one location to another, "radiant energy" is sometimes used to refer to the electromagnetic waves themselves, rather than their energy (a property of the waves).
Thermal Energy, or Energy due to Heat

Thermal energy has no generally agreed definition and the term will not usually be found in most dictionaries of physics or science. But its everyday usage, thermal energy may be regarded either as:

4) The transformation of Solar energy into electrical energy

Solar power isproduced is in general harnessed directly or indirectly. The method used to harness the incoming energy determines how the elctricity is produced.

In general, direct solar power involves a single transformation of sunlight which results in a usable form of energy. Below are some of the means in which solar energy has been used to produce elctricity.

· Sunlight hits a photovoltaic cell creating electricity.  

· Sunlight warms a thermal mass and creates electricity 

· Sunlight strikes a light mill and causes the vanes to rotate as mechanical energy (little practical application has yet been found for this effect).

· Sunlight strikes a solar sail on a space craft and is converted directly into a force on the sail which causes motion of the craft.

5) Can solar energy be used to power all of Haiti?
The unit of power is Watts, which is considered to be the amount of Energy delivered per unit of time. Then we have other commonly used multiple unit of Watts such as Kilowatts (1000 W), and Megawatts (1 million Watts). We also have instantaneous energy (W/s), and energy per hour (W/h), day (W/day) and year (W/year). 

Total demand reported by Electricite d’Haiti for electricity, residential and commercial, in the Port-au-Prince area is approximately estimated at 320 MW per day (320 million Watts/day).  

We can brake down the amount of electricity per day to amount of electricity per second or instantaneous electrical power demand. 320 MW/day is approximately 13.33 MW/hour, 0.22 MW/minute and 0.0037 MW/second (3.7 KW/second or 3700 W/seconds or instantaneous)

According to Electricite d’Haiti (EDH), the electricity supplied to Port-Au-Prince since July 2004, is a total of 51 MW is supplied per day, which comes from the following sources: 

· 24 MW comes from Varreux I & II (installed capacity 100 MW)
· 12 MW comes from Carrefour
· 15 MW comes from the one operating turbine at Peligre’s dam (installed capacity 54 MW)
	Electricity  production by source:
	Fossil fuel: 60.3%  - Varreux & Carrefour
hydroelctric: 38.7%  - Peligre and Other 
other (Solar and Generators): 2% 


The estimated influx of solar energy in Haiti is 5 kWh(a day)/meter square. This means that Haiti receives approximately:

· (5/24)=0.2083 kWh/square meter

· or 208.3 kWh/square kilometer

· with a size of 27,750 square kilometer , 

· that is 208.3 kWh/sq-km * 27,750sq-km = 5,780,325 million kWh

· 5.8 MWh * 8h =  46MW/day

6) An introduction to hydroelectrical energy

Back up notes on how to compute electricity need for a house in Haiti

The estimated influx of solar energy in Haiti is 5 kWh(a day)/meter square. This means that Haiti receives approximately:

· (5/24)=0.2083 kWh/square meter

· or 208.3 kWh/square kilometer

· with a size of 27,750 square kilometer , 

· that is 208.3 kWh/sq-km * 27,750sq-km = 5,780,325 million kWh

· 5.8 MWh * 8h =  46MW/day

In order to calculate the average operating cost for any electrical appliance you can use the following formula:
Watts/1000 = kW x hours of operation = kWh x kWh rate = cost
Watts can usually be found on the appliance nameplate. If the nameplate lists amps:
Volts x Amps = Watts
Example:  How much does it cost to operate your portable electric heater? 

The wattage required for an electric heater is usually written on the unit itself or is provided with the literature that comes with it.  Suppose your electric heater delivers 1000 watts/seconds. 

Suppose you use the heater an average of 45 hours during winter months (1/2 hour per day for the three winter months). Let us also suppose that the City of Boston Electric Services electric rate during the winter is $.068 (68 cents/kWh) 

1. First you will take the amount of watts delivered by your heater and divide it by 1000 to convert it in kW: 1000 watts/1000 = 1 kW 

2. Then you will look at the number of hours that you use your electric heater. Say for example that in the winter months, you are using your electric heater an average of 45 hours: You will take the 1 Kw we found before in step 1 and multiply it by 45 hours to obtain the amount of Kwh of electricity used by the heater.
3. Then to find how much this electricity will cost you, you will take the total amount of kWh and multiply it by the cost of electricity per kWh. The calculation gives: ((1000/1000) kW*48) kWh* $.068/kW/h = $3.06.

Suppose your house house in Haiti has the following appliances:

Appliances


Average Monthly Cost

· Central Air Conditioner

63.75-225

· Coffee maker



0.30-2.03

· Computer (monitor & printer)
0.38-2.40

· Blender



0.08-0.15

· Iron




0.08-0.75

· Light bulbs



0.08-0.90

· Microwave Oven


0.28-2.25

· Refrigerator



5.63-11.25

You will look at each of the appliances you expect to have in your house and you will find out the amount of electricity it requires in watts. In some of the appliances the amount will be specified in Volts and Amps, that is the amount of voltage and current required. You will find the amount of watts required by multiplying the voltage by the current. For example a typical refrigerator which requires 110 V and 15 Amp will require 110*15= 1650Watts/seconds. Then you will go through the same calculation to find out how much the redfrigerator will cost you per month.

9. Upcoming Topics?

1. Hydroelectric Systems - what are they?

2. An overview of the advantages and problems with the Hydroelectric system at Peligre
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		27		Closed		Ferraro		10/22		Get SPY-3 Tracking Book		OBE		1/28/03

		45		Closed		Harary		11/12		Provide names of who provides data for each metric		OBE		1/28/03

		47		Closed		Baker		11/21		Contact Process Area Experts		All Process Area Experts have been contacted.		12/16/02

		48		Closed		Baker		12/18		Notify SysEPG that Dan Dechant would prefer a bar graph for the Requirements Defect Density chart.		Emailed Jayne Perkins		1/6/03

		49		Closed		Baker		1/7		Create Stoplight chart for Definition and deployment of each Level 2/3 Process Area		Chart given to S. Saeteng.		1/13/03

		50		Closed		Harary		1/7		Create a Process Deployment Strategy/Plan		reassigned to Acharya		1/28/03






