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1. INTRODUCTION

Economically evaluated projects were once a common practice.  With emphasis of renewable and sustainable energy sources, the conventional assessment tools must be discarded.  A new model must consider the social and environmental impacts as well as adhering to mandates and attempting to resolve all into an economical viable project.
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Figure 1.0 Major decision matrix for modern energy projects..

Although depicted as four equal parts, the emphases on each category may be vastly different.  In principal, these represent the major considerations.

Environmental impacts are easily quantified, but the social aspect requires some qualification.  Mandated projects require only evaluation to some their contribution to the overall scheme.

The first step in any venture is the determination of where you are going and exactly where you are.  With out knowing the current energy consumption and its contributors it is difficult if not impossible to chart a corrective course. An energy audit is mandatory in plotting corrective actions toward net zero energy use.

Once a consumption base line has been determined and the major contributors identified, the initial corrective step is energy conservation.  Perhaps the initial move is educating the occupants and providing a plan to reduce energy use through conservation measures.  Often this is best accomplished by providing examples that relate to their personal utility expenses.  As an example, show the cost of leaving a 100W light bulb burning over night for a year.  Relate the home experience to work conditions of similar type, but with far more impact.

This may be followed by automating systems to minimize consumption, and finally replacing existing devices with more efficient ones.

The two methods are reducing the quantity of energy consumed and improving the efficiency of that still being consumed.  Once these two steps have been accomplished, alternate, renewable and sustainable energy sources can be explored.

2. HARNESSING THE WIND

Wind is simply a term used to describe the flow of a fluid, in this case the movement of air.  A fluid in motion possesses energy due to its mass and velocity.  To capture energy from moving air streams, various designs of wind turbines have been postulated.

The fundamental governing physics related to the capture of wind energy can be written as:

kW = (½)(A)(ηGB)(ηG)(CP)(ρ)(V)3/1000	(2.0)

Where:
A - The swept area of the turbine blades.
CP - Coefficient of power.  This has an upper limit of 59.26% which is called the Betz limit after the German physicist Albert Betz, who in 1919 postulated the maximum performance of any wind was 59.26%
ηGB - Is the gear box efficiency.
ηG – Is the generator or alternator efficiency.
ρ  - The density of the air stream.
V – The wind velocity.

The first observation is that the power output is a function of the wind velocity cubed.  As might be expected, the wind does not blow at a constant velocity and thus the varying speeds must be accounted for.  This can be handled with a Rayleigh distribution.  The use of the average velocity will skew the results as will be illustrated.

If the annual average wind speed for a given location were 10.98 MPH (Ft. Hood) the Rayleigh distribution would appear as shown in Figure 2.0.  In the following example, a Cp of .36 is used, which is about the maximum currently available.  The gear box efficiency was 92% and the alternator efficiency was .82%.
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Figure 2.0 Rayleigh wind speed distribution for Ft. Hood, TX.

Using the Rayleigh distribution, the anticipated annual output for a 15 foot diameter turbine is 5,232.54 kWh per year as compared to 2,744.35 kWh when
using the average speed.  This is in part due to the higher velocities producing more power since the velocity is cubed.

With the current utility cost of about $0.0947 per kWh, the project has a gross avoided electrical cost of $495.52.  It is estimated that the project cost would be approximately $6,132.10 which yields a simple payback of 12.4 years.  This appears to be in line with the USACE Field Guide number of 12 Years.

It must be further pointed out that the average wind speed for all Army garrisons  is 8.72 MPH with the highest being Ft Sill which has an average of 11.61 MPH.

3. SOLAR WATER HEATING

As with all forms of renewable/sustainable energy sources, solar power is dependent upon the specific geographic location.  Considering the energy from the sun to be a homogeneous field with a single emitting source, it can be seen that the amount of energy received per unit area will decrease as the observer moves from the equator to the poles.

Predicting the amount of solar irradiation becomes a function of the declination angle, the distance to the sun, the specific location on the globe and the specified time of day.  In addition, the solar irradiation is scattered and absorbed as it passes through the earth’s atmosphere.  Cloud cover relegates tow locations at the same latitude to receiving differing amounts of solar energy.

The sun shines on an annual average of 12 hours per day on every spot on earth.  Thus, the maximum obtainable influx would be approximately 12 suns.  The average irradiation at the outer most edge of the earth’s atmosphere changes from about 1413 to 1322 for an annual average of about 1367.5 Watts per square meter.  After scattering and absorption in the atmosphere, the insolation reaching the earth has been agreed upon to equal 1 kilowatt per square meter and titled as a sun.  Thus, although the amount of actual insolation received varies, it can be resolved into equivalent suns of energy. 
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Figure 3.0 Intensity of solar irradiation over a day.

The Solar Rating and Certification Corporation tests and certifies solar collectors.  The average collector (flat plate) has a gross area of 29.173 square feet and a net aperture of 26.871square feet.  There are essentially two categories of interest C – domestic water heating for warm climates and D- domestic water heating for cool climates.   The panel outputs are measured in terms of thousands of BTU/panel day.  They are measured at 2,000, 1,500 and 1,000 BTU per square foot, resulting in insolation values of 6.31, 4.73 1nd 3.15 suns per day.

The average panel has the following outputs:

Category:	C	D	
Cloudy:	122	24
Partly Cloudy:	152	68
Sunny:	168	99

Ft. Hood has 132 sunny, 93 partly cloudy and 138 cloudy days on average.  Therefore the anticipated weather factor would be:

[(132)(2000)+(93)(1500)+(138)(1000)]/[(2000)(365)] = 0.74589

Ft. Hood has an annual average clear sky insolation of 6.53 suns per day, thus the anticipated solar output adjusted for weather is 4.87 suns.  This provides an anticipated panel output of 59.61 BTU/square foot-hour. (Based on 12-hour day)

Therefore, the annual panel output is (12)(365)(59.61)(26.871)/1000 or 7,015.79 kBTU.  There are approximately 106BTU per MCF so the avoided gas would be 7.01579 MCF.  The current utility cost is about $8.31/MCF for a gross annual savings of $58.30.  Although actual panel costs will depend on the system size i.e. the ancillary equipment for 5 panels is the same as for one, the estimated installed cost is $1,546.25.  This represents a 26.5 year payback.

This figure differs substantially from the 15 year figure quoted in the Filed Guide
.  This could simply be a result of not accounting for the varying weather from location to location

Note that a single panel will provide approximately 32 gallons of 140oF hot water per day.

One final word on solar collectors, evacuated tube collectors cost as much as 4 times flat plate collectors.  Their increased efficiency will not show up until placed in cool climates.  Even then, they will exhibit longer payback times under most circumstances.
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Figure 3.1 Panel efficiency vs. temperature differences.

4. PHOTOVOLTAICS

Generating electricity from sun light has a host of issues and problems which are covertly hidden.  First, panels are rated using a Standard Test Condition (STC) which is 1000 watts per square meter and a panel surface temperature of 77oF.  Typically, the panel surface temperature exceeds 115oF and the output suffers.  The PTC (Photo Voltaic for Utility Scale Application [PVUSA] Test Conditions) test uses 68oF ambient plus the actual surface temperature for their rating, which is more indicative of the real anticipated output.  They differ by nearly 12%.

Another issue is the loss of output with time; 5% by year 5, 10% by year 12, 15% by year 18 and 20% by year 25.  Typically, panels will lose 10% in a month and require cleaning.  This requires added maintenance expenses as well as having an average 5% de-rate.  Add in the losses due to wiring, inverter efficiency, temperature de-rate and AC wiring, the whole package becomes about 3 to 5% efficient.

As with solar water heating, the anticipated insolation for Ft. Hood will be 4.87 Suns on average.  This value will be used to determine actual PV panel outputs.
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Figure 4.0 degrading of PV cells with time.

 The average of the top 80 photovoltaic panels is 13.91 gross square feet with a net aperture of 11.46 square feet.  This panel is rated 175.78 watts per sun.  This is 74.7 watts per square foot-day.

The current installed small system cost is approximately $1,311.31 per panel.  It is anticipated that the actual output will be 856.37 watts/day as compared to the rated value of 2,109.36 during system startup.  Over the 25 year anticipated system life, the average output will be 90% or 770.73 Watts per day.

The gross utility avoidance would be (770.73)(365)/1000 or 281.32 kWh.  This has a current value at Ft. Hood of (0.0947)(770.73) or $26.64 per annum.  This provides a simple payback of 49.2 years.


5.0 GROUND SOURCE HEAT PUMPS

The use of GSHPs has been delayed due to initial costs, primarily due to the expense of providing ground loops.  Like other energy sources. Location plays the foremost role in the selection process.  Ground temperatures are tA major factor in determining the length of loop per ton, which in turn determines the initial cost.  The number of heating degree days, days requiring heat, cooling degree

The heat transfer loops can be horizontal, vertical, slinky or submersed in a pond.  Typically the associated costs are:

Horizontal: 	700 feet/Ton @ $1.51/ft.
Slinky:	806 feet/ton @ $1.59/ft.
Vertical:	348 Feet/ton @ $4.20/ft.
Open:	500 Feet/ton @ $3.33/ft.
Pond:	500 Feet/ton @ $3.33/ft.

These are tempered with multipliers based on the seasonal average ground temperatures.  There are also multipliers for the soil moisture content.  The exact determination of the loop costs are more complex that the intent of this paper and will not be discussed further.  A slinky system at Ft. Hood will require about 1004 feet per ton, and cost approximately $2.842.65.  The electrical added cost would be $247.49, the avoided gas would be $488.07 and the maintenance cost would be $86.76 for a net annual savings of $153.82.  This represents a simple payback of 18.4 years

Locations with swimming pools should consider heating the pool with the heat from a ground source heat pump!

5. COMBINED HEAT AND POWER

Generating electrical power using internal combustion engines is typically in the 30 to 33% efficiency range, with the majority of the input energy escaping in the form of heat.  Capturing this heat for either co-generation or heat utilization for other processes can improve the system efficiency into the high eighties.

The driving forces here become the total electrical demand and the total ability to utilize the recovered heat.  Although a comprehensive study is required, as a general statement, sizing a system to provide 100% of the required heat and exporting the excess electrical power to other users would appear as the best alternative.

Since natural gas is a primary energy source and electricity is a secondary energy source, (A primary energy is used to make the secondary energy source) it follows that on a kWh or BTU basis, natural gas will be cheaper.  Thus the savings is both in the cost of the fuel and the recovery of the waste heat.
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Figure 5.0 Heat balance for a 3306 Caterpillar, natural gas fueled, internal combustion, reciprocating, engine/generator.


Continuing with Ft. Hood as an example, a 75 kW engine generator set will have the following economics.
Annual operation:	 8,278 hours per year.
Fuel cost:	$24,146.19
Maintenance w/escrow:	$3,672.22
Avoided electricity:	$42,770.71
Value of Heat recovered:	$28,793.14
Net Savings:	$43,745.44
Cost:	$185,457.75
Simple payback:	4.4 years.

Connecting to a utility requires considerable relaying and protective devices.  In general, the utilities will require generator circuit breakers to be fitted with shunt and voltage trip coils and the following protective relays with true RMS voltage and current sensing:

All selected relaying must be utility grade and meet NEMA and utility standards.
Per Generator: 

#51 - Timed phase over current.
#51G – Timed ground over current.
#40 - Loss of field.
#32 - Reverse power.
#86 - Lockout relay.
#25  - Synchronous check relay.
#27/59 - Over/under voltage.
#81o/u - Over/under frequency.

Per Feeder:

#50 - Instantaneous phase over current.
#51 - Timed phase over current.
#51N – Residual timed over current.

There are many other stipulations associated with the installation of “non-emergency” engine generator sets.  The Public Utility Commission requirements are outlined in Appendix A, and the Texas Commission on Environmental Quality requirements are listed in Appendix B.  The latter also contains the requirements for the Federal Clean Air Act.  In spite of the seeming less mounds of rules and regulations, setting natural gas fueled engines in Texas is not difficult if proper procedures are followed.  It is assumed other states will have similar restrictions which must be dealt with.

There are several schemes that can benefit both the facility and the utility in power generation.
a.) Stand alone generation.
b.) Peak shaving synchronous
c.) Peak shaving induction
d.) Isolated load generation (off grid)
e.) On peak generation
f.) Power export in emergencies.
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Figure 5.1 Typical utility cost vs .percent load.

Most utility companies have rates similar to those shown in Figure 5.1.  These demand weighted rates are commonly used to capture capital costs of providing “spinning reserves.”  That is a utility must operate sufficient equipment to assure they maintain the ability to quickly provide additional power in the event their connected loads are turned on.  If they don’t maintain a certain level of excess capacity, the entire system would be subjected to brown outs, single phasing and even complete blackouts if additional loads were turned on.

Equipment operating at less that 100% load suffers from a loss of efficiency and consequently costs more to operate in terms of both fuel and maintenance.

6. HIGH EFFICIENCY MOTORS

A small change in efficiency at first glance appears too small to make any significant contribution towards energy reduction.   However, the results can be surprising. 

A 25-horsepower motor operating at 100% load requires 18.65 kW.  At 89% efficiency, this translates to 20.96 kW.  A premium motor at an efficiency of 93.6% would require 19.93 kW.  The savings is 1.03 kW, or about 9.5¢ per hour.
If the motor operated 8760 hours per year (full time) this amounts to a gross savings of $854.46 per annum.  
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Figure 6.0 Saving for premium motors.

Figure 6.0 is for a typical 1-Horsepower electric motor.  If, as an example, a 15 horsepower motor operated at 85% load and for 70% of the time, the value from Figure 6.0 is $21.71.  The annual savings for the 15-horsepower motor would be roughly $325.65.

Appendix C lists the NEMA recommend efficiency for premium motors.

7. LED LIGHTING

LED lights provide more efficacy than high pressure sodium or metal halide lights and thus for a given luminosity level, requires less watts of power.  One major advantage of the LED is that it operated on DC power and thus lends itself to solar power and other renewable energy sources.

As a general rule, replacing T-8 bulbs with LED tubes which require no modifications will provide a positive payback in lights which remain lite more than 75% of the time.  LED emergency exit signs will show paybacks.  Hall and lavatory lamps generally will show positive results.  With the current labor costs and the elevated cost of copper wiring add to the viability of the solar/LED exterior lighting systems.

At 100% efficiency, the efficacy is 683 lumens per square foot, which would be from a monochromatic 555 nm (nanometer) source.  Effaces of other sources are provided below.
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Figure 7.1 Metal Halide lamp performance.
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Figure 7.2 High Pressure Sodium lamp performance.
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Figure 7.3 Equivalent Efficacy
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Figure 7.4 LCCA for Metal Halide lighting.
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Figure 7.4 LCCA for High Pressure Sodium lighting.

[image: ]
Figure 7.4 LCCA for Solar/LED lighting.

8. LIGHTING RETROFITS

Lighting requires several steps to assure lowering the overall energy costs.  Controls, added natural light, efficient lamps and the proper lumens for the area being lit must all be considered.  It has been proven numerous times that simple replacement of T-12 fixtures with new high efficiency T-8 bulbs will show simple paybacks from 2 to 4 years.

Basically the T-8 bulb is more efficient (provides more light for less wattage) and exhibits longer bulb life.  In addition, the effect of reduced heat generation must be evaluated for the load added to heating and the load reduced for air conditioning.  Selection of the proper temperature light source is important, especially in areas where reduced lumens per square foot are desired.  Higher temperature bulbs provide a “whiter” light and colors are more natural.

LIGHT SOURCE	EFFACY	EFFICIENCY
Candle	 03 	0.04%
100 W incandescent bulb:	17.5 	2.6%
T 12 40W: 	60  	9%
T-8 34W:	100 	15%
LED: 	93 	13.6 max limit 43.9%
High Pressure Sodium:	 200 	29%
Metal Halide:	 155 	17%

The social impact will be through a brighter source of “warm” light.  The economic impact with be the reduced land fill due to longer bulb life and smaller size 1” vs. 1 ½” tubes, and in electrical consumption which has associated CO2 and water conservation.

9. REVOLVING DOORS, VESTIBULES, WIND BREAKS

Revolving doors have been in use for over a century, and like a lot of older ideas are resurfacing as energy savings devices.   H. Bockhacker of Berlin Germany was issued a German patent on December 22, 1881 for his “thÜrohne luftzug” or “door without draft of air.”  The real boost to the revolving door came from Theophilus Van Kannel of Philadelphia who received a U.S. patent in 1888 for a “storm-door structure.”  Through his applications, the technology spread.

[image: ]
Figure 9.0  Modern revolving door with emergency exit doors on either side.

It must be pointed out that these doors are to be used for normal egress and ingress and not for emergency exits, which must be fitted with panic hardware and open outward.  Emergency doors are also briefly mentioned in this paper.

Doors and their associated hardware generally represent less than 2% of the overall cost of a building, but can contribute significantly to energy gain or loss.  It has been reported that revolving doors leak 1/8th as much as the more common swinging door.  This is chiefly due to the fact that revolving doors are never open and only leak around their seals, where swinging doors also allow large volumes to escape while opened.

Attempting to quantify the exact volumes of air per door opening is totally impossible, due to a host of factors which will remain unknown.  These would include such items as prevailing wind, differential temperatures, the speed at which the door is opened, how long it is held open, how large is the person with respect to the door opening, how slow does the door close, and so on.  It is perhaps best to attempt to determine heat gain or loss and the open/closed leakage at a specified pressure.

Another major contributing factor will be the Heating Degree Days and Cooling Degree Days (HDD,CDD) for the specified location.  These will influence the amount of energy lost through any potential leak areas and play a role in determining the economics.  Obviously the local utility rates dictate much in the way of economics.

9.1 SWINGING DOORS

For any degree of opening, the flow area created can be approximated as shown in Figure 9.1.
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Figure 9.1 Flow area of open door.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Referring to Figure 4.1.1, the length C represents the width of the door, which is also B + D.  It can be seen that the length B will be C cos (β); D will be C – B; and A will be C sin (β).  Once A and D are determined, the opening is simply the square root of the sum of A2 + D2.  Assuming that the door has a height of H, the opening for flow is simply:

Fa =[H][A2 + D2]1/2	(9.1)

Fa = [H][(C sin(β))2 + C – C cos(β))2]1/2	(9.2)

or for a constant closing angular velocity:

Fa =[H] Σ[(C sin(β))2 + C – C cos(β))2]1/2 for β = 0 to n	(9.3)

Where:
n = maximum opening degrees.

Assuming a 7’0” height and a 3’0” wide door, the formula becomes:

Fa = [7][(3 sin(β))2 + 3 – 3 cos(β))2]1/2	(9.3a)

[bookmark: OLE_LINK3]If the door is opened past 60 degrees, the flow area is equal to the door opening.  Assuming a person opens the door to an angle of 75o and that the door closes at a constant radian velocity, the average opening area for the above door would be 12.94 square feet.  If the door had only been opened to 60o the area average would be 10.92 square feet.

In these examples, the differential pressure is assumed as 0.1 inches of water column or 24.8 Pa.

Some required conversion factors:

1 Pa = 0.000145037738 psi
1 psi = 27.71 in.  H2O
1 in. H2O = 0.50379 psi
1 in. H2O = 249.089 Pa 

Using 80 degrees as the door opening, the average flow area would be 13.44 square feet or 1.249 m2.  Air density is taken as 1.2 kg/m3.  The discharge coefficient for the door is set at 0.65 which is considered as a “average” value for this type flow. 

The following equation is used by ASHREA in determining flows through openings at low pressure.

Q = CdA(2Pa/ρ)0.5	(9.5)

For the above example:

Q = (.65)(1.2019)[(2)(24.882)/1.2]0.5 = 5.02 m3/sec. or 177.28 ft3/sec.	(9.5a)

The average closing speed of several similar doors with hydraulic closing devices was determined to be approximately 3 seconds, when opened to approximately 80o.

This provides a total flow of about 531.84 ft3 per opening.

Q = mCpΔT	(9.6)

For normal air:

Cp = 0.245 BTU/lbm-oF
ρ = 0.075 lb./ft3
 
Q = (531.84)(0.075)(0.245) = 9.7725 BTU/ oF.

Therefore, each door opening looses or gains about 9.8 BTU/ oF.  This value needs to be multiplied times the number of openings per year and the HDD and CDD to determine the actual cost of infiltration and exfiltration for the building
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Table 9.1 Area of opening vs. degrees of opening.

It can be stated with certainty that the lack of vestibules would have a direct influence on heat gain or loss, which is proportional to the number of HDD and CDD for the specified location.  In addition, prevailing wind, temperature difference, door opening direction, persons and their habits will all influence the magnitude of the heat gain or loss.

As an example, if the annual average net temperature difference were 10oF and the door was opened only twice per occupant/day, a 300 person barracks would have an annual heat transfer rate of (300)(2)(10)(9.8)(365) or 21.46 MMBTU which has an approximate value of $215.00 per year.  This example does not account for wind nor the partial blockage of the door opening by the persons body.  Further, the actual time the person holds the door open, will influence the heat gain/loss outcome.
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Figure 9.2 Leakage through swinging doors (Closed).

9.3 REVOLVING DOORS

Revolving doors can stop in three basic configurations.  These are presented below.

The classic formula for determining air leakage through doors is:

Q = Cδ0.65	(4.3.0)

Where:
Q is the flow in CFM
C is a empirical constant.  Constants used herein were determined through ASHRAE testing.
δ is the differential pressure in inches of water column

The leak test data that follows was conducted at a differential pressure of 75 Pa, which is about  0.30109 inches of water column. 


[image: ]
Figure 9.3.1 Illustration of fully closed revolving door.

Q = 3.94(.3)0.65 	(9.3.1a)

The tests conducted by ASHRAE indicate a leakage of 1.75 CFM/ft², as compared to a calculated value of 1.801 for the theoretical model of a four wing revolving commercial door, when stopped in the “X” or fully closed position as shown in Figure 4.0.1  This is the ideal stopped position.

Next, the door was tested in the “T” position, that is the door is positioned so that there are two seals as opposed to four in the fully closed position.  Bothe inner and outer chambers are equal in their respective volumes in this position.  
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Figure 4.0.2 Illustration of a revolving door in “T” position.

Q = (6.15)(.3)0.65	(9.3.1b)

ASHRAE testing in this position provided a leak rate of 2.76 CFM/ft², as compared to the model value of 2.811 CFM/ft².  In this configuration, the leak rate is 1.58 times as much as the fully closed position.

The final configuration is the “Y” position where the wings of the door are just ajar of the fully closed position.  Surprisingly, this configuration show higher leakage than the “T” position.
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Figure 4.0.3 Illustration of a revolving door in the “Y” position.

Q = (11.45)(.3)0.65	(9.3.1c)

Here, the ASHRAE testing exhibited a leak rate of 5.18 CFM/ft² as compared to the calculated value of 5.24 CFM/ft².  This represents a leak rate of 2.96 times the closed position.

These tests illustrate the necessity of providing a door that is designed to stop only in the closed position.

9.4  WEATHER INFLUENCES

Pressure is the driving force that causes any fluid to flow.  If there is no differential pressure, there will be no flow.  Basically, there are two main factors which will influence the differential pressure, aside from any pressurization of the building.  These are temperature and wind.

9.4.1 TEMPERATURE DIFFERENCES

Temperature differential plays a role in the density difference and thus provides a pressure differential which is the driving force for air flow. 
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Figure 9.4.1.1  Leakage vs. temperature in revolving doors.

  Combining the classic ideal gas laws:

PV =ρRT	(9.4.1.1)

or

P = ρRT/V	(9.4.1.1a)

Examining Equation 5.1.1a, one can see that changes in density or temperature will change the pressure and thus create a differential necessary to promote fluid flow.

These differences in temperature can be manifested through examination of the Heating Degree Days (HDD) and Cooling Degree Days (CDD) associated with any specified location.  (See Appendix A for values associated with U.S. Army garrisons).

If the standard density is known, the factor for other temperatures is simply:

Ts/T	(9.4.1.2)

 or 

519.667/(459.667 + oF)	(9.4.1.2a)

To have a firm grasp as to the magnitude of this differential pressure, as example is presented below.

EXAMPLE 9.4.1.1

Assume the inside temperature is maintained at 68oF and the outside temperature is measured as 42oF.  The Building is pressurized to .1 in H2O and is at 1400 feet elevation.  What is the anticipated pressure differential due to temperature only?

Step 1.  The temperatures are converted to degrees Rankin so they will become measurements of absolute temperature. This is accomplished by adding 459.667 to each Fahrenheit value.  Inside: 527.667 and Outside: 501.667  
Note the differential is unchanged.

Step 2. The standard pressure for the elevation is:

P = 14.696[e(-elev//27250)]	(9.4.1.2)

P = (14.696)(0.9499) = 13.96 (outside pressure @ STP and 13.96 + (.1)(.50379) = 14.010 psia. (Inside pressure @ STP (Standard Temperature - Pressure)

Step 3.  Calculate the density change coefficient.  (519.667)/(459.667 +42) = 1.0358 and (5193.667)/(459.667+68) = 0.9848.  Since the standard air density can easily be calculated from the gas laws:   R for air is 53.35 (English units)
Rearranging equation 9.4.1.1

ρ = PV/RT	(9.4.1.3)

ρ = (14.696)(144)(1)/(53.3)(519.667) = 0.076331 lbs/ft3


Step 4. Determine the inside and outside pressures considering density changes.  Inside density = (1.0358(0.076331) or 0.0790638
Outside density = (0.9848)(0.076331) or 0.075170
Pi = [(.0790638)/144](53.35)(501.667) = 14.69484
Po = [(.07517)/144](53.35)(527.667) = 14.69523
Therefore the temper related pressure differential is (14.69484-14.69523) or 0.00039 psi or 2.6889 Pa.

Although the differential temperature could be as high as 70 degrees in certain locations, the temperature influence on the driving force is relatively small.  The example ΔT was 26 degrees so even at 70 degrees, the influence is anticipated to be less than 7.5 Pa or 10%.  For the majority of the garrisons, the temperature differential may be ignored..

9.4.2 WIND

Pressure influence due to wind force can become significant in determining heat gain or loss from buildings. A generalized formula for the force due to wind is:

F = APCd 	(9.4.2.1)

Where:
P = 0.00256(MPH)2
A = area in square feet
Cd is the drag coefficient (2.0 for a flat plate)
 
The Table 5.2.1 illustrates the added pressure due to wind speeds.  A 10 MPH wind can produce a pressure of 0.0984 inches of water column, which is equivalent to about 24.5 Pa or 1/3 of the test pressure differential.  Since these forces are a function of the velocity squared, the pressure would double if the wind speed increased from 10 to 14 MPH.

[image: ]
Figure 9.4.1 Graphical representation of wind force.



	Average wind speed and the prevailing direction with respect to the building entrance play an important role in determining the economics of revolving door installations.  
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Table 5.3.1 Force due to wind speeds.

Figure 9.4.2 illustrates the use of a “barrier” wall built into the installation.  Blocking the wind can save considerable in terms of leakage into buildings.
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Figure 9.4.2 Illustration of wind barrier in conjunction with revolving door.

9.5 COMPARISONS AND CONCLUSIONS
 
Graph 9.4.1 illustrates measured leakage rates for “closed” swinging doors.  If the considerations were take for closed doors only, swinging doors would have a distinct advantage over revolving doors.  Each line on the graph illustrates measured results from different buildings.

The main consideration becomes the opening of swinging doors which was discussed in Section 9.4.1.  It is the losses during use that provide for the net gain in the use of revolving doors.  
There are a number of factors which must be considered in making the final decision:

1. Utility costs
2. Use factor (number of persons entering or exiting per day and the number of times they pass through the door).
3. Local climate conditions to include average wind speed, HDD, CDD altitude etc.
4. Cost of materials and installation.
5. There are other factors as well, carbon reduction (Varies by location) social value, reduction in fossil fuels and environmental impact.
See Appendix D
FT. HOOD HQ SUPPLEMENT:

Ft. Hood has 2,179 heating degree days (HDD) and 2,816 cooling degree days (CDD) per year on average.  For the purpose of this estimate, electric pricing was set at $0.08 per kWh and natural gas delivered price set to $6.25 per MCF.

Provided assumptions for the Headquarters building:

750 openings per day
5 days per week
50 weeks per year.

The approximate annual openings are (750)(5)(50) = 187,500.  However to obtain a better approximation, the monthly break down as shown in Table 2.0 was used, which includes the 10 government holidays and two weeks off in December.  The table is modeled on the 2009 calendar.

[image: ]
Table 2.0 Estimated heating and cooling costs.

Based on the calculated values, the cost is about $59.76 for natural gas; $315.02 for electricity for a total annual loss of $374.78.  This figure does not account for the COP of the HVAC system nor for the combustion efficiency of the furnace.  It is felt that although they would add to the overall loss value the aforementioned variables that can not be controlled would offset these loss values.  This can be analogous  to the least significant digit in performing mathematical calculations.

Although these preliminary calculations do not account for partial blockage of the flow are for the person passing through the opening, the temperature differences may offset this condition.  There are so many uncontrollable variables, such as a person holding the door open for another (increasing the total time); the time of day when the majority of the openings occur (changes in temperature difference) etc. that estimating the actual loss or gain is not possible with any specified certainty.

However, the above method can be applied to various applications to compare the viability of adding vestibules to specific structures.



WINDOWS & SKYLIGHTS

There are several factors which influence the selection, orientation and number and size of windows and skylights.  Local weather, geographic location, altitude, HDD, CDD, actual days of heating and actual days of cooling are just a few of other factors which influence natural light openings.

[image: ]


U-Factor is a measure of the heat transfer rate.  The lower the U-factor the better window or skylight is at reducing the heat loss or gain.  Energy Star must have a minimum U-value of .35.  U is the reciprocal of the R value.
Solar Heat Gain Coefficient
 (SHGC) measures the amount of solar heat that is transmitted through a window. This rating scale goes from 0 to 1. The lower the figure, the less heat is transmitted.. That also means your air-conditioning or other cooling costs are reduced. A rating of 0.4 or less is recommended for warm areas.
Note though that if you live in a cool area, you may want your SHGC rating to be higher in order to make use of free solar heating.
Visible Transmittance
This is a measure of how much daylight is transmitted through the window. It is a rating between 0 and 1 where 1 is the highest and effectively transmits 100% of the light (note that not even clear glass transmits 100%. A high VT rating is desirable to maximize the amount of light available in any room. 
Air Leakage
The Air Leakage rating (AL) is a measure of how much air leaks through cracks and crevices on the window construction. The rating number ranges from .1 to 1, but anything over .3 is considered a 'fail'. The lower the AL rating, the less air will pass through the cracks.
Condensation Resistance
This is a measure of how well a product is able to resist the formation of condensation on the inside. It's a relatively new measure and you may not see it on all window ratings labels just yet. If you do however, it is a rating that ranges from 0 to 100. The higher the rating, the better that window is at resisting condensation. 
[bookmark: Energy_Star]Energy Star Ratings
 Northern Climate Region Ratings
 -Windows must have a U-factor rating of 0.35 or below 
 North/Central Climate Region Ratings
 - Windows must have a U-factor rating of 0.40 or below 
 - With a Solar Heat Gain Coefficient (SHGC) of 0.55 or below.
 South/Central Climate Region Ratings
 - Windows must have a U-factor rating of 0.40 or below 
 - And an SHGC of 0.40 or below
 Southern Climate Region Ratings
 - Windows must have a U-factor rating of 0.65 or below 
 - And an SHGC of 0.40 or below




























APPENDIX A.

CHAPTER 25. SUBSTANTIVE RULES APPLICABLE TO ELECTRIC SERVICE PROVIDERS Subchapter I. Transmission and Distribution. DIVISION 2. TRANSMISSION AND DISTRIBUTION APPLICABLE TO ALL ELECTRIC UTILITIES. 

 §25.212. Technical Requirements for Interconnection and Parallel Operation of On-Site Distributed Generation. 
(a) Purpose. The purpose of this section is to describe the requirements and procedures for safe and effective connection and operation of distributed generation. 
(1) A customer may operate 60 Hertz (Hz), three-phase or single-phase generating equipment, whether qualifying facility (QF) or non-QF, in parallel with the utility system pursuant to an interconnection agreement, provided that the equipment meets or exceeds the requirements of this section. 
(2) This section describes typical interconnection requirements. Certain specific interconnection locations and conditions may require the installation and use of more sophisticated protective devices and operating schemes, especially when the facility is exporting power to the utility system. 
(3) If the utility concludes that an application for parallel operation describes facilities that may require additional devices and operating schemes, the utility shall make those additional requirements known to the customer at the time the interconnection studies are completed. 
(4) Where the application of the technical requirements set forth in this section appears inappropriate for a specific facility, the customer and utility may agree to different requirements, or a party may petition the commission for a good cause exception, after making every reasonable effort to resolve all issues between the parties. 
(b) General interconnection and protection requirements. 
(1) The customer's generation and interconnection installation must meet all applicable national, state, and local construction and safety codes. 
(2) The customer's generator shall be equipped with protective hardware and software designed to prevent the generator from being connected to a de-energized circuit owned by the utility. 
(3) The customer's generator shall be equipped with the necessary protective hardware and software designed to prevent connection or parallel operation of the generating equipment with the utility system unless the utility system service voltage and frequency is of normal magnitude. 
(4) Pre-certified equipment may be installed on a company's utility systems in accordance with an approved interconnection control and protection scheme without further review of their design by the utility. When the customer is exporting to the utility system using pre-certified equipment, the protective settings and operations shall be those specified by the utility. 
(5) The customer will be responsible for protecting its generating equipment in such a manner that utility system outages, short circuits or other disturbances including zero sequence currents and ferroresonant over-voltages do not damage the customer's generating equipment. The customer's protective equipment shall also prevent unnecessary tripping of the utility system breakers that would affect the utility system's capability of providing reliable service to other customers. 
(6) For facilities greater than two megawatts (MW), the utility may require that a communication channel be provided by the customer to provide communication between the utility and the customer's facility. The channel may be a leased telephone circuit, power line carrier, pilot wire circuit, microwave, or other mutually agreed upon medium. 
(7) Circuit breakers or other interrupting devices at the point of common coupling must be capable of interrupting maximum available fault current. Facilities larger than two MW and exporting to the utility system shall have a redundant circuit breaker unless a listed device suitable for the rated application is used. 
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§25.212(b) continued 
(8) The customer will furnish and install a manual disconnect device that has a visual break that is appropriate to the voltage level (a disconnect switch, a draw-out breaker, or fuse block), and is accessible to the utility personnel, and capable of being locked in the open position. The customer shall follow the utility's switching, clearance, tagging, and locking procedures, which the utility shall provide for the customer. 
(c) Prevention of interference. To eliminate undesirable interference caused by operation of the customer's generating equipment, the customer's generator shall meet the following criteria: 
(1) Voltage. The customer will operate its generating equipment in such a manner that the voltage levels on the utility system are in the same range as if the generating equipment were not connected to the utility's system. The customer shall provide an automatic method of disconnecting the generating equipment from the utility system if a sustained voltage deviation in excess of +5.0 % or –10% from nominal voltage persists for more than 30 seconds, or a deviation in excess of +10% or –30% from nominal voltage persists for more than ten cycles. The customer may reconnect when the utility system voltage and frequency return to normal range and the system is stabilized. 
(2) Flicker. The customer's equipment shall not cause excessive voltage flicker on the utility system. This flicker shall not exceed 3.0% voltage dip, in accordance with Institute of Electrical and Electronics Engineers (IEEE) 519 as measured at the point of common coupling. 
(3) Frequency. The operating frequency of the customer's generating equipment shall not deviate more than +0.5 Hertz (Hz) or –0.7 Hz from a 60 Hz base. The customer shall automatically disconnect the generating equipment from the utility system within 15 cycles if this frequency tolerance cannot be maintained. The customer may reconnect when the utility system voltage and frequency return to normal range and the system is stabilized. 
(4) Harmonics. In accordance with IEEE 519 the total harmonic distortion (THD) voltage shall not exceed 5.0% of the fundamental 60 Hz frequency nor 3.0% of the fundamental frequency for any individual harmonic when measured at the point of common coupling with the utility system. 
(5) Fault and line clearing. The customer shall automatically disconnect from the utility system within ten cycles if the voltage on one or more phases falls below -30% of nominal voltage on the utility system serving the customer premises. This disconnect timing also ensures that the generator is disconnected from the utility system prior to automatic re-close of breakers. The customer may reconnect when the utility system voltage and frequency return to normal range and the system is stabilized. To enhance reliability and safety and with the utility's approval, the customer may employ a modified relay scheme with delayed tripping or blocking using communications equipment between customer and company. 
(d) Control, protection and safety equipment requirements specific to single phase generators of 50 kilowatts (kW) or less connected to the utility's system. Exporting to the utility system may require additional operational or protection devices and will require coordination of operations with the host utility. The necessary control, protection, and safety equipment specific to single-phase generators of 50 kW or less connected to secondary or primary systems include an interconnect disconnect device, a generator disconnect device, an over-voltage trip, an under-voltage trip, an over/under frequency trip, and a synchronizing check for synchronous and other types of generators with stand-alone capability. 
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(e) Control, protection and safety equipment requirements specific to three-phase synchronous generators, induction generators, and inverter systems. This subsection specifies the control, protection, and safety equipment requirements specific to three phase synchronous generators, induction generators, and inverter systems. Exporting to the utility system may require additional operational or protection devices and will require coordination of operations with the utility. 
(1) Three phase synchronous generators. The customer's generator circuit breakers shall be three-phase devices with electronic or electromechanical control. The customer is solely responsible for properly synchronizing its generator with the utility. The excitation system response ratio shall not be less than 0.5. The generator's excitation system(s) shall conform, as near as reasonably achievable, to the field voltage versus time criteria specified in American National Standards Institute Standard C50.13-1989 in order to permit adequate field forcing during transient conditions. For generating systems greater than two MW the customer shall maintain the automatic voltage regulator (AVR) of each generating unit in service and operable at all times. If the AVR is removed from service for maintenance or repair, the utility's dispatching office shall be notified. 
(2) Three-phase induction generators and inverter systems. Induction generation may be connected and brought up to synchronous speed (as an induction motor) if it can be demonstrated that the initial voltage drop measured on the utility system side at the point of common coupling is within the visible flicker stated in subsection (c)(2) of this section. Otherwise, the customer may be required to install hardware or employ other techniques to bring voltage fluctuations to acceptable levels. Line-commutated inverters do not require synchronizing equipment. Self-commutated inverters whether of the utility-interactive type or stand-alone type shall be used in parallel with the utility system only with synchronizing equipment. Direct-current generation shall not be operated in parallel with the utility system. 
(3) Protective function requirements. The protective function requirements for three phase facilities of different size and technology are listed below. 
(A) Facilities rated ten kilowatts (kW) or less must have an interconnect disconnect device, a generator disconnect device, an over-voltage trip, an under-voltage trip, an over/under frequency trip, and a manual or automatic synchronizing check (for facilities with stand alone capability). 
(B) Facilities rated in excess of ten kW but not more than 500 kW must have an interconnect disconnect device, a generator disconnect device, an over-voltage trip, an under-voltage trip, an over/under frequency trip, a manual or automatic synchronizing check (for facilities with stand alone capability), either a ground over-voltage trip or a ground over-current trip depending on the grounding system if required by the company, and reverse power sensing if the facility is not exporting (unless the generator is less than the minimum load of the customer). 
(C) Facilities rated more than 500 kW but not more than 2,000 kW must have an interconnect disconnect device, a generator disconnect device, an over-voltage trip, an under-voltage trip, an over/under frequency trip, either a ground over-voltage trip or a ground over-current trip depending on the grounding system if required by the company, an automatic synchronizing check (for facilities with stand alone capability) and reverse power sensing if the facility is not exporting (unless the facility is less than the minimum load of the customer). If the facility is exporting power, the power direction protective function may be used to block or delay the under frequency trip with the agreement of the utility. 
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§25.212(e)(3) continued 
(D) Facilities rated more than 2,000 kW but not more than 10,000 kW must have an interconnect disconnect device, a generator disconnect device, an over-voltage trip, an under-voltage trip, an over/under frequency trip, either a ground over-voltage trip or a ground over-current trip depending on the grounding system if required by the company, an automatic synchronizing check and AVR for facilities with stand alone capability, and reverse power sensing if the facility is not exporting (unless the facility is less than the minimum load of the customer). If the facility is exporting power, the power direction protective function may be used to block or delay the under frequency trip with the agreement of the utility. A telemetry/transfer trip may also be required by the company as part of a transfer tripping or blocking protective scheme. 
(f) Facilities not identified. In the event that standards for a specific unit or facility are not set out in this section, the company and customer may interconnect a facility using mutually agreed upon technical standards. 
(g) Requirements specific to a facility paralleling for sixty cycles or less (closed transition switching). The protective devices required for facilities ten MW or less which parallel with the utility system for 60 cycles or less are an interconnect disconnect device, a generator disconnect device, an automatic synchronizing check for generators with stand alone capability, an over-voltage trip, an under-voltage trip, an over/under frequency trip, and either a ground over-voltage trip or a ground over-current trip depending on the grounding system, if required by the utility. 
(h) Inspection and start-up testing. The customer shall provide the utility with notice at least two weeks before the initial energizing and start-up testing of the customer's generating equipment and the utility may witness the testing of any equipment and protective systems associated with the interconnection. The customer shall revise and re-submit the application with information reflecting any proposed modification that may affect the safe and reliable operation of the utility system. 
(i) Site testing and commissioning. Testing of protection systems shall include procedures to functionally test all protective elements of the system up to and including tripping of the generator and interconnection point. Testing will verify all protective set points and relay/breaker trip timing. The utility may witness the testing of installed switchgear, protection systems, and generator. The customer is responsible for routine maintenance of the generator and control and protective equipment. The customer will maintain records of such maintenance activities, which the utility may review at reasonable times. For generation systems greater than 500 kW, a log of generator operations shall be kept. At a minimum, the log shall include the date, generator time on, and generator time off, and megawatt and megavar output. The utility may review such logs at reasonable times. 
(j) Metering. Consistent with Chapter 25, Subchapter F of this title (relating to Metering), the utility may supply, own, and maintain all necessary meters and associated equipment to record energy purchases by the customer and energy exports to the utility system. The customer shall supply at no cost to the utility a suitable location on its premises for the installation of the utility's meters and other equipment. If metering at the generator is required in such applications, metering that is part of the generator control package will be considered sufficient if it meets all the measurements criteria that would be required by a separate stand alone meter. 
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(Previously) Texas Natural Resource Conservation Commission
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Chapter 106 - Permits by Rule
SUBCHAPTER W: TURBINES AND ENGINES
§106.511, §106.512
Effective June 13, 2001
§106.511. Portable and Emergency Engines and Turbines.
Internal combustion engine and gas turbine driven compressors, electric generator sets, and water
pumps, used only for portable, emergency, and/or standby services are permitted by rule, provided that the
maximum annual operating hours shall not exceed 10% of the normal annual operating schedule of the
primary equipment; and all electric motors. For purposes of this section, “standby” means to be used as a
“substitute for” and not “in addition to” other equipment.
Adopted August 9, 2000 Effective September 4, 2000
§106.512. Stationary Engines and Turbines.
Gas or liquid fuel-fired stationary internal combustion reciprocating engines or gas turbines that
operate in compliance with the following conditions of this section are permitted by rule.
(1) The facility shall be registered by submitting the commission’s Form PI-7, Table 29
for each proposed reciprocating engine, and Table 31 for each proposed gas turbine to the commission’s
Office of Permitting, Remediation, and Registration in Austin within ten days after construction begins.
Engines and turbines rated less than 240 horsepower (hp) need not be registered, but must meet
paragraphs (5) and (6) of this section, relating to fuel and protection of air quality. Engine hp rating shall
be based on the engine manufacturer’s maximum continuous load rating at the lesser of the engine or
driven equipment’s maximum published continuous speed. A rich-burn engine is a gas-fired spark-ignited
engine that is operated with an exhaust oxygen content less than 4.0% by volume. A lean-burn engine is
a gas-fired spark-ignited engine that is operated with an exhaust oxygen content of 4.0% by volume, or
greater.
(2) For any engine rated 500 hp or greater, subparagraphs (A) - (C) of this paragraph
shall apply.
(A) The emissions of nitrogen oxides (NOx) shall not exceed the following limits:
(i) 2.0 grams per horsepower-hour (g/hp-hr) under all operating
conditions for any gas-fired rich-burn engine;
(ii) 2.0 g/hp-hr at manufacturer’s rated full load and speed, and other
operating conditions, except 5.0 g/hp-hr under reduced speed, 80-100% of full torque conditions, for any
spark-ignited, gas-fired lean-burn engine, or any compression-ignited dual fuel-fired engine manufactured
new after June 18, 1992;
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(iii) 5.0 g/hp-hr under all operating conditions for any spark-ignited, gasfired,
lean-burn two-cycle or four-cycle engine or any compression-ignited dual fuel-fired engine rated
825 hp or greater and manufactured after September 23, 1982, but prior to June 18, 1992;
(iv) 5.0 g/hp-hr at manufacturer’s rated full load and speed and other
operating conditions, except 8.0 g/hp-hr under reduced speed, 80-100% of full torque conditions for any
spark-ignited, gas-fired, lean-burn four-cycle engine, or any compression-ignited dual fuel-fired engine
that:
(I) was manufactured prior to June 18, 1992, and is rated less
than 825 hp; or
(II) was manufactured prior to September 23, 1982;
(v) 8.0 g/hp-hr under all operating conditions for any spark-ignited, gasfired,
two-cycle lean-burn engine that:
(I) was manufactured prior to June 18, 1992, and is rated less
than 825 hp; or
(II) was manufactured prior to September 23, 1982;
(vi) 11.0 g/hp-hr for any compression-ignited liquid-fired engine.
(B) For such engines which are spark-ignited gas-fired or compression-ignited
dual fuel-fired, the engine shall be equipped as necessary with an automatic air-fuel ratio (AFR) controller
which maintains AFR in the range required to meet the emission limits of subparagraph (A) of this
paragraph. An AFR controller shall be deemed necessary for any engine controlled with a non-selective
catalytic reduction (NSCR) converter and for applications where the fuel heating value varies more than
± 50 British thermal unit/standard cubic feet from the design lower heating value of the fuel. If an NSCR
converter is used to reduce NOx, the automatic controller shall operate on exhaust oxygen control.
(C) Records shall be created and maintained by the owner or operator for a
period of at least two years, made available, upon request, to the commission and any local air pollution
control agency having jurisdiction, and shall include the following:
(i) documentation for each AFR controller, manufacturer’s, or supplier’s
recommended maintenance that has been performed, including replacement of the oxygen sensor as
necessary for oxygen sensor-based controllers. The oxygen sensor shall be replaced at least quarterly in
the absence of a specific written recommendation;
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(ii) documentation on proper operation of the engine by recorded
measurements of NOx and carbon monoxide (CO) emissions as soon as practicable, but no later than
seven days following each occurrence of engine maintenance which may reasonably be expected to
increase emissions, changes of fuel quality in engines without oxygen sensor-based AFR controllers which
may reasonably be expected to increase emissions, oxygen sensor replacement, or catalyst cleaning or
catalyst replacement. Stain tube indicators specifically designed to measure NOx and CO concentrations
shall be acceptable for this documentation, provided a hot air probe or equivalent device is used to prevent
error due to high stack temperature, and three sets of concentration measurements are made and
averaged. Portable NOx and CO analyzers shall also be acceptable for this documentation;
(iii) documentation within 60 days following initial engine start-up and
biennially thereafter, for emissions of NOx and CO, measured in accordance with United States
Environmental Protection Agency (EPA) Reference Method 7E or 20 for NOx and Method 10 for CO.
Exhaust flow rate may be determined from measured fuel flow rate and EPA Method 19. California Air
Resources Board Method A-100 (adopted June 29, 1983) is an acceptable alternate to EPA test methods.
Modifications to these methods will be subject to the prior approval of the Source and Mobile Monitoring
Division of the commission. Emissions shall be measured and recorded in the as-found operating
condition; however, compliance determinations shall not be established during start-up, shutdown, or under
breakdown conditions. An owner or operator may submit to the appropriate regional office a report of a
valid emissions test performed in Texas, on the same engine, conducted no more than 12 months prior to
the most recent start of construction date, in lieu of performing an emissions test within 60 days following
engine start-up at the new site. Any such engine shall be sampled no less frequently than biennially (or
every 15,000 hours of elapsed run time, as recorded by an elapsed run time meter) and upon request of
the executive director. Following the initial compliance test, in lieu of performing stack sampling on a
biennial calendar basis, an owner or operator may elect to install and operate an elapsed operating time
meter and shall test the engine within 15,000 hours of engine operation after the previous emission test.
The owner or operator who elects to test on an operating hour schedule shall submit in writing, to the
appropriate regional office, biennially after initial sampling, documentation of the actual recorded hours of
engine operation since the previous emission test, and an estimate of the date of the next required
sampling.
(3) For any gas turbine rated 500 hp or more, subparagraphs (A) and (B) of this
paragraph shall apply.
(A) The emissions of NOx shall not exceed 3.0 g/hp-hr for gas-firing.
(B) The turbine shall meet all applicable NOx and sulfur dioxide (SO2) (or fuel
sulfur) emissions limitations, monitoring requirements, and reporting requirements of EPA New Source
Performance Standards Subpart GG--Standards of Performance for Stationary Gas Turbines. Turbine hp
rating shall be based on turbine base load, fuel lower heating value, and International Standards
Organization Standard Day Conditions of 59 degrees Fahrenheit, 1.0 atmosphere and 60% relative
humidity.
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(4) Any engine or turbine rated less than 500 hp or used for temporary replacement
purposes shall be exempt from the emission limitations of paragraphs (2) and (3) of this section.
Temporary replacement engines or turbines shall be limited to a maximum of 90 days of operation after
which they shall be removed or rendered physically inoperable.
(5) Gas fuel shall be limited to: sweet natural gas or liquid petroleum gas, fuel gas
containing no more than ten grains total sulfur per 100 dry standard cubic feet, or field gas. If field gas
contains more than 1.5 grains hydrogen sulfide or 30 grains total sulfur compounds per 100 standard cubic
feet (sour gas), the engine owner or operator shall maintain records, including at least quarterly
measurements of fuel hydrogen sulfide and total sulfur content, which demonstrate that the annual SO2
emissions from the facility do not exceed 25 tons per year (tpy). Liquid fuel shall be petroleum distillate
oil that is not a blend containing waste oils or solvents and contains less than 0.3% by weight sulfur.
(6) There will be no violations of any National Ambient Air Quality Standard (NAAQS)
in the area of the proposed facility. Compliance with this condition shall be demonstrated by one of the
following three methods:
(A) ambient sampling or dispersion modeling accomplished pursuant to guidance
obtained from the executive director. Unless otherwise documented by actual test data, the following
nitrogen dioxide (NO2)/NOx ratios shall be used for modeling NO2 NAAQS;
NOx Emission Rate (Q)
Device g/hp-hr NO2/NOx Ratio
IC Engine Less than 2.0 0.4
IC Engine 2.0 thru 10.0 0.15 +(0.5/Q)
IC Engine Greater than 10.0 0.2
Turbines 0.25
IC Engine with catalytic converter 0.85
(B) all existing and proposed engine and turbine exhausts are released to the
atmosphere at a height at least twice the height of any surrounding obstructions to wind flow. Buildings,
open-sided roofs, tanks, separators, heaters, covers, and any other type of structure are considered as
obstructions to wind flow if the distance from the nearest point on the obstruction to the nearest exhaust
stack is less than five times the lesser of the height, Hb, and the width, Wb, where:
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2 lw
3.141
Hb = maximum height of the obstruction, and
Wb = projected width of obstruction =
where:
L = length of obstruction
W = width of obstruction
(C) the total emissions of NOx (nitrogen oxide plus NO2) from all existing and
proposed facilities on the property do not exceed the most restrictive of the following:
(i) 250 tpy;
(ii) the value (0.3125 D) tpy, where D equals the shortest distance in
feet from any existing or proposed stack to the nearest property line.
(7) Upon issuance of a standard permit for electric generating units, registrations under
this section for engines or turbines used to generate electricity will no longer be accepted, except for:
(A) engines or turbines used to provide power for the operation of facilities
registered under the Air Quality Standard Permit for Concrete Batch Plants;
(B) engines or turbines satisfying the conditions for facilities permitted by rule
under Subchapter E of this title (relating to Aggregate and Pavement); or
(C) engines or turbines used exclusively to provide power to electric pumps used
for irrigating crops.
Adopted May 23, 2001 Effective June 13, 2001
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175] 4,000 12,800 73 [ 521456 | 15000 | 766,500

250] 4000 17.000 68 $149.94 | 20,000 | 1,095,000

320[ 4,000 21,000 66 | $155.88 | 20,000 | 1,401,600

400] 4000 31,000 78510008 | 20,000 | 1.752,000

1000 3800 96,000 96521594 | 15000 | 4,380,000

Based on 12 per day operation
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High Pressure Sodium

Watts Temp. | Lumens | Efficicy | Cost Life | Annual
Deg.K LnW | Each. | Hrs. kWh

200 2100 | 19,260 96 [§ 5499 | 24,000 876

250 2,100 17,000 685 69.99 | 24,000 1,095

310 2100 | 34200 110 [ $159.99 | 24,000 1358

400 2,100 | 45,000 113 [$199.99 | 24,000 1752

1,000 2100 117.900 118 | $27999 | 24000 4,380
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LED HPS Lumens
78 75 3300
60 125 4400
80 150 6000
100 175 7600
125 200 9400
140 250 10600
180 320 13800
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LCCA for a 175W Metal Halide Parking Lot Fixture

CODE COSTITEM BASEDATE | YEAROF |DISCOUNT| PRESENT
COST _ |OCCURANCE| FACTOR |  VALUE
i Pole, fixture & lamp S 184421 1 1 S 184421
[ Electrical wiring S 3,000.00 1 1 S 3,000.00
Repl™ __|Replace bubb S 21456 36 51046 |5 109524
Res Residual value S (64547) 30 04497 |S  (200.25)
OMSR ___ |OM&R S 24.00 | Annual 196004 | § 47041
E Electricity S 5366 | _ Annual 249595 |5 133933
TOTALLCC S 745894
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LCCA for a 175W High Pressure Sodium Parking Lot Fixture

CODE COSTITEM BASEDATE | YEAROF |DISCOUNT| PRESENT
COST _ |OCCURANCE| FACTOR |  VALUE
i Pole. fixture & lamp $ 162365 1 1 $ 162365
I Electrical wiring S 3.000.00 1 1 S 3,000.00
Repl™ __|Replace bubb S 84.95 6.8 24816 S 21081
Res Residual value S (24355) 30 04497 |$  (109.51)
OMBR__ [OM&R S 1271 Annual 196004 | § 24912
E Electricity S 5366 | _ Annual 249595 |5 133933
TOTALLCC S 631340
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LCCA for a 40W Solar/LED Parkiong Lot Fixture

CODE COSTITEM BASEDATE | YEAROF DISCOUNT PRESENT
cosT OCCURANCE FACTOR VALUE
[ Pole, Fixture, Bubb, Batteries & Controller S 2,075.00 1 1 B 4,075.00
I Electrical Wiring (Included) 0 0 1 S N
REPL_|Replace Bub S 699.99 [Every 16 yrs. 06232 S 43623
REPL_|Replace Batteries S 100.00 [Every 7 Yrs. 24488 S 24488
REPL_|Replace Controller S 300.00 [Every 10 yrs. 17098 S 512.94
Res. _|Residual Value S (611.25) 30 0.4497 S (274.88)
O8MR_[Maintenance & Repairs s 12.71 |Annually 19.6004 S 24912
E Electricity S -~ |None! 24.9505 S N
Total LCC s 5,243.30
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DEG FT2
75 1294
76 13.04
77 1315
78 1325
79 1335
80 1344
81 1353
82 1363
83 1371
84 13.80
85 1389
86 1397
87 1405
88 1413
89 1421
90 1428
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LEAK RATE PER SEAM LENGTH L/s-m
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Completely closed
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Infiltration CFM

AIR FLOW THROUGH REVOLVING DOORS AS A FUNCTION OF TEMPERATURE
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SBes

INCHES OF WATER

FORCE DUE TO WIND SPEED

12345675 91011121314151617181920

WIND SPEED (MPH)
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WIND [ FORCE | FORCE |FORCE
MPH psf psi in H20
1 0.0051 0.00004 0.001
2 0.0205 | 0.00014 | 0.0039
3 0.0461 0.00032__| 0.0089
4 0.0819 | 0.00057 | 0.0157
5 0.1280 | 0.00089 | 0.0246
6 01843 | 0.00128 | 0.0354
7 02509 | 0.00174 | 0.0482
8 03277 | 0.00228 0.063
9 04147 | 0.00288 | 0.0797
10 05120 | 0.00356 | 0.0984
11 06195 | 0.00430 | 0.1191
12 07373 | 0.00512 | 0.1417
13 0.8653 | 0.00601 0.1663]
14 1.0035 | 000697 | 0.1929)
15 11520 | 000800 | 0.2214]
16 13107 | 000910 | 0.2519)
17 14797 | 001028 | 0.2844]
18 16689 | 001152 | 0.3189)
19 18483 | 001284 | 0.3563]
20 2.0480 | 001422 | 0.3937
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Jan. - Jun. Jan Feb Mar Apr May Jun
Normal Heating Deg Days | 620 241 247 66 0 0
Normal Cooling Deg Days 6 0 36 129 288 495
Work Days* 20 19 22 22 20 22
Days 31 28 31 30 31 30
Delta T (Heating) 20.00 15.75 797 220 [
Delta T (Cooling) 0.30 [ 164 586 14.40 2250
Openings 15,000 14250 | 16,500 | 16500 | 15,000 | 16,500
Heating (BTU) 2,940,000 | 2.199.488 | 1,288,384 | 355,740
Cooling (kW) 12.92 7755 277.89 1,066.31
Heating Cost $  1838|$ 1375]§ 805|$ 222
Cooling Cost s 103 S 620|S 2223]$ 4963[5 8530
Total Cost s 1941 13758 1426]8 2445]5 4963 |5 8530

Jul.-Dec. Jul Aug Sep Oct Nov Dec
Normal Heating Deg Days 0 0 0 38 243 524
Normal Cooling Deg Days | 639 639 408 146 24 6
Work Days* 22 21 21 21 20 8
Days 31 31 30 31 30 31
Delta T (Heating) I 123 810 16.90
Delta T (Cooling) 1.96 187 1.81 187 172 071
Openings 16,500 15750 | 15750 | 15750 | 15,000 6,000
Heating (BTU) 131,100 | 838,350 | 1,807,800
Cooling (kW) 147631 2407 607
Heating Cost S 082S 524[5 1130
Cooling Cost S 51698 5169 [$ 3300|$ 1181|S 1948 049
Total Cost $  5169|5  5169|S 3300|$ 1263|S 718|S 1178
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FULL-LOAD EFFICIENCIES
60 HZ NEMA PREMIUM® EFFICIENCY ELECTRIC MOTORS
OPEN MOTORS
2POLE 4POLE 6POLE

HP__| Nominal [ Minimum | Nominal [ Minimum| Nominal | Minimum

1 77.00 7400 8550 8250 8250 80.00
15 8400 8150 86.50 8400 86.50 8400
2 8550 8250 86.50 8400 87.50 8550
3 8550 8250 89.50 87.50 8850 86.50
5 86.50 8400 8950 87.50 8950 87.50
75 8850 86.50 91.00 8950 9020 8850
10 89.50 87.50 9170 9020 9170 9020
15 9020 8850 93.00 9170 9170 9020
20 91.00 8950 9300 9170 9240 91.00
25 9170 9020 9360 9240 93.00 9170
30 9170 9020 9410 9300 9360 9240
40 9240 91.00 9410 9300 9410 9300
50 9300 9170 9450 9360 9410 9300
60 9360 9240 9500 9410 9450 9360
75 9360 9240 9500 9410 9450 9360
100 9360 9240 9540 9450 9500 9410
125 9410 9300 9540 9450 9500 9410
150 9410 9300 9580 9500 9540 9450
200 9500 9410 9580 9500 9540 9450
250 9500 9410 9580 9500 9540 9450
300 9540 9450 9580 9500 9540 9450
350 9540 9450 9580 9500 9540 9450
400 9580 9500 9580 9500 9580 9500
450 9580 9500 96.20 9540 96.20 9540
500 9580 9500 96.20 9540 96.20 9540
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FULL-LOAD EFFICIENCIES
60 HZ NEMA PREMIUM® EFFICIENCY ELECTRIC MOTORS
OPEN MOTORS
2POLE 4POLE 6POLE

HP__| Nominal [ Minimum | Nominal [ Minimum| Nominal | Minimum

1 77.00 7400 8550 8250 8250 80.00
15 8400 8150 86.50 8400 87.50 8550
2 8550 8250 86.50 8400 8850 8550
3 86.50 8400 8950 87.50 8950 87.50
5 8850 86.50 8950 87.50 8950 87.50
75 8950 87.50 9170 9020 91.00 8950
10 9020 8850 9170 9020 91.00 8950
15 91.00 8950 9240 91.00 9170 9020
20 91.00 8950 9300 9170 9170 9020
25 9170 9020 9360 9240 9300 9170
30 9170 9020 9360 9240 9300 9170
40 9240 91.00 9410 9300 9410 9300
50 9170 9450 9360 9410 9300 9300
60 9360 9240 9500 9410 9450 9360
75 9360 9240 9540 9450 9450 9360
100 9410 9300 9540 9450 9500 9410
125 9500 9410 9540 9450 9500 9410
150 9500 9410 9580 9500 9580 9500
200 9540 9450 96.20 9540 9580 9500
250 9580 9500 96.20 9540 9580 9500
300 9580 9500 96.20 9540 9580 9500
350 9580 9500 96.20 9540 9580 9500
400 9580 9500 96.20 9540 9580 9500
450 9580 9500 96.20 9540 9580 9500
500 9580 9500 96.20 9540 9580 9500
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GARRISON HDD | CDD GARRISON HDD | CDD
ANNISTON ARMY DEPOT 2763 | 1,836 |FT_DIX 5139 | 083
FT_RUCKER 1,942 | 2,213 |FT. MONMOUTH 5128 | 770
REDSTONE ARSENAL 3,262 | 1,671 |PICATINNY ARSENAL 6,304 | 430
FT.GREELY 13,302 |27 |FT.DRUM 7601 | 452
Ft RICHARDSON 10935 | - |FT_HAMILTON 5184 | 861
FT. WAINWRIGHT 13,980 | 74 |WEST POINT 5753 | 830
FT_HUACHUCA 2,369 | 1,739 | WATERVLIET ARSENAL 6393 | 654
YUMA PROVING GROUND 1,041 | 4273 |[FTBRAGG 3,105 | 1,760
FT_IRWIN 2,294 | 2,565 |FT_SILL 3367 | 2217
FT_CARSON 6,480 | 404 |CARLISLE BARRACKS 5269 | 995
FT.BENNING 2,154 | 2,296 | TOBYHANNA ARMY DEPOT | 6,816 | 434
FT_GORDON 2,525 | 1,986 |FT JACKSON 2,598 | 2,087
FT.McPHERSON 2,827 | 1,810 |FT.BLISS 2432 | 2253
FT STEWART 1,551 | 2536 |FT. HOOD 1959 | 2,792
HUNTER ARMY AR FIELD 2,029 | 2,872 |FT_SAM HOUSTON 1570 | 2994
SCHOFIELD BARRACKS 8 | 2821 [REDRIVERARMY DEPOT | 2,531 2,245
FT_SHAFTER -~ [ 4221 |FT BELVOR 4907 | 189
ROCK ISLAND ARSENAL 6,179 | 1,100 |FT.EUSTIS 3752 | 1585
FT.LEAVENWORTH 5331 | 1,356 |FT.LEE 3939 | 1353
FT_RILEY 5,120 | 1,465 |FT. MONROE 3623 | 1539
FT.CAMPBELL 4,290 | 1,472 |FT_MYER 4211 1,415
FT. KNOX 4,616 | 1,360 |FT_STORY 3639 | 1485
FT. POLK 2,048 | 2,250 |FT. LEWIS 5339 110
ABERDEEN PROVING GROUNDS, MD__| 4,459 | 1,153 |FT. McCOY 7931|541
FT.DETRICK 5059 | 048 |[FT_McNAR 4,153 | 1517
FT.MEADE 4,707 | 1,137 | WALTER REED AMC 4483 | 1217
FT.LEONARD WOOD 4,658 | 1,860





image1.png
ENVIRON- [ESIel LN
MENTAL





image2.png
HOURS PER YEAR

7000
5000
5000
4000
3000
2000
1000

RAYLEIGH WIND DISTRIBUTION

3

s

7

S 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
Wind Speed [MPH] FT. HOOD, TEXAS




