Details for Calculations
London Games 2012

5a:  Amount of energy required to maintain water temperatures at specified levels.

For this, assume energy is required to heat water for three reasons:

1. Energy is required to heat make-up water.  Make-up water is water lost because water is splashed out during the competition, or it evaporates into the air.

H = (m)(c)(∆T)
H = heat associated with raising the temperature of the make-up water
m = mass of water

c = specific heat of water

∆T = temperature difference (Tfinal – Tinitial)

· For this project, Tfinal, the target temperature of the water, should be 80oF.

· For this project, assume Tinitial, the temperature of the make-up water, is 55oF.

· Assume water loss = .05% of the pool volume each day.

2. Energy is required to replace heat lost through evaporation.
H = (m)(∆h)
H = heat of evaporation from the pool (Btu)
m = mass of water that is evaporated (lbm)

∆h = enthalpy difference of water due to evaporation (hgas – hliquid)..  Enthalpy (h) is the heat content of a material (Btu/lbm)
· For this project, hgas is 1023 Btu’s/lbm

· For this project, hliquid is 23 Btu’s/lbm

· Assume water evaporation loss = .03% of the pool volume each day.

· This evaporation of water cools the pool and the building and must be calculated.

3. Energy is required to replace energy that leaves the pool and goes into the relatively cool ground (fairly small in the real world).

Q = (U)(A)(∆T)
Q = rate of heat transfer leaving the pool (Btu/hr)
U = overall coefficient of heat transfer (specific to material being traversed)

A = surface area through which heat is being conducted. (ft2)
∆T = temperature difference (T2 – T1) (oF)
· For this project, T2, the target temperature of the water, should be 80oF.

· For this project, assume T1, the temperature of the ground, is 55oF.

· Assume Uconcrete = .83 BTU/(ft2 x oF x hr)

· Don’t forget to consider heat lost through the walls as well as the bottom

· For this project, assume there is no heat loss upward (which of course is not true)

· Once the required energy is determined, utilize the rate of $(2.7x10-8)/J to assign a cost for this energy (this assumes a cost of $.10/kWhr).
5b.  Amount of energy required to heat, and cool the building for a single day in the winter and the summer at the expected extreme temperatures.
To determine the energy required to HEAT the building:

1. Heat leaving through building surfaces:

Q = (U)(A)(∆T)
Q = rate of heat transfer through building surfaces (Btu/hr)
U = overall coefficient of heat transfer (specific to material being traversed)

A = surface area through which heat is being conducted. (ft2)
∆T = temperature difference (Tin – Tout) (oF)
· For this project, Tin, should be 68oF.

· For this project, Tout, should be 20oF.

· Assume 

Usolid roof = .206 BTU/(ft2 x oF x hr)

Uglass roof = .700 BTU/(ft2 x oF x hr)

Usolid wall = .170 BTU/(ft2 x oF x hr)

Uglass wall = .500 BTU/(ft2 x oF x hr)

· Don’t forget to take into account the energy present from sources within the building (confine your analysis to those sources listed below)
· For this project, assume no heat transfer occurs through the floor.

· Assume heating equipment is 95% efficient.

· For this project, assume there are no other sources of heat loss (which of course is not true – infiltration and solar gain are enormous contributors but we will ignore them for this project).
2. Ventilation loads will be significant for heating and for cooling.  Per ASHRAE 62.1-2007, the ventilation requirement for spectator areas is 8 cfm per person.  This load is calculated as follows:

Q = (1.08)(cfm)(∆T)
Q = rate of heat transfer to heat the ventilation air (Btu per hour)

1.08 = conversion factor (simplified)

cfm = ventilation requirement in cubic feet per minute.

∆T = temperature difference (Tin – Tout)

· Once the required energy is determined, utilize the rate of $(2.7x10-8)/J to assign a cost for this energy (this assumes a cost of $.10/kWhr).

To determine the energy required to COOL the building:
1. Heat entering through building surfaces:

Q = (U)(A)(∆T)
Q = rate of heat transfer through building surfaces (Btu/hr)

U = overall coefficient of heat transfer (specific to material being traversed)

A = surface area through which heat is being conducted.

∆T = temperature difference (Tout – Tin) (ft2)
· For this project, Tin, should be 76oF.

· For this project, Tout, should be 82oF.

· Assume 

Usolid roof = .206 BTU/(ft2 x oF x hr)

Uglass roof = .700 BTU/(ft2 x oF x hr)

Usolid wall = .170 BTU/(ft2 x oF x hr)

Uglass wall = .500 BTU/(ft2 x oF x hr)

· Don’t forget to take into account the energy present from sources within the building (confine your analysis to those sources listed below)

· For this project, assume no heat transfer occurs through the floor.

· Assume cooling equipment is 90% efficient.

· For this project, assume there are no other sources of heat gain (which of course is not true – infiltration and solar gain are enormous contributors but we will ignore them for this project).

2. Ventilation loads will be significant for heating and for cooling.  Per ASHRAE 62.1-2007, the ventilation requirement for spectator areas is 8 cfm per person.  This load is calculated as follows:

Q = (1.08)(cfm)(∆T)
Q = rate of heat transfer to heat the ventilation air (Btu per hour)

1.08 = conversion factor (simplified)

cfm = ventilation requirement in cubic feet per minute.

∆T = temperature difference (Tin – Tout)

3. Heat sources to be considered in the building for COOLING conditions:

a. Heat produced by computing equipment:  50 BTU/(hr x ft2)
b. Heat produced by occupants (adjusted for percentages of male, female, and children):

· Seated observing and at rest:

330 BTU/(hr x person)

· Standing, light work, walking:

450 BTU/(hr x person)

· Walking, standing:



500 BTU/(hr x person)

· Light bench work:



750 BTU/(hr x person)

· Walking 3MPH, light machine work:

1000 BTU/(hr x person)

· Competing athletes:



1800 BTU/(hr x person)

c. Heat produced by lighting:  Q = (3.41)(W)
· W = Wattage of lighting

· Assume one Watt of lighting for every square foot of building floor space.
· Once the required energy is determined, utilize the rate of $(2.7x10-8)/J to assign a cost for this energy (this assumes a cost of $.10/kWhr).

5c.  The cost to complete the Earthwork required (excavation, disposal, etc…) for your building.

· $5/cubic yard to excavate soil with a track hoe and load into trucks
· $3/cubic yard to place and compact

· $3/cubic yard for every 30 miles of truck transport.  (You can scale this up or down as needed).
· Assume all soil must be reused somewhere on site (there is no dumping or disposal elsewhere).

	Quantity
	English System
	Metric System
	Conversion

	Energy
	British Thermal Unit (BTU)


	Joule (J)
	1 J = 9.478x10-4  BTU

	Energy/Time (this is Power -- the rate at which energy is transferred or work is done)
	BTU/second
	Joule/second = 1 Watt (W)
	1054.8 W = 1 BTU/sec

	Specific Heat of Water


	.998 BTU/(lbm x oF)
	4180 J/(kg x oC)
	

	Density of Water


	62.2 lbm/ft3 (at 70oF)
	1000 kg/m3 (at 4oC)
	

	Specific Heat of Air


	.240 BTU/(lbm x oF)
	1008 J/(kg x oC)
	

	Density of Air

	.074 lbm/ft3 (at 70oF)
	1.29 kg/m3
	

	Temperature

	oF
	oC
	oF = [(9/5) x oC] + 32

	Overall Coefficient of heat transfer U
	BTU/(ft2 x oF x hr)
	J/(m2 x oC x sec)
or

W/(m2 x oC)


	

	Heat H

	BTU
	J
	

	Rate of heat transfer Q

	BTU/hr
	W (J/sec)
	

	
	
	
	


