Appendix |: Efficiency Test Equation

2% P +1.25* H P = Net power output from CHP plant
+ 1 H = Net thermal output from CHP plant
F =fud use a CHP plant

1. Bagis of equation:

The equation is used to determine if the combined heat and power project’ s efficiency is higher
than the equivaent efficiency of separate heat and power. To cdculate the equivaent efficiency (the
efficiency that combining the sources would achieve) of separate heat and power it is assumed that
electricity is supplied from a 50% efficient combined cycle gas turbine power plant and therma output
issupplied from an 80% efficient boiler. It isimportant to note the efficiency vaues are based on the
higher hesting value of the fud. When the condition is true (equation > 1) the CHP plant ismore
efficient than what is currently considered highly efficient fossl-fired separate heet and power.

While the efficiency of CHP is compared to highly efficient separate heat and power to qudify
for this guidance, the actual efficiency improvement from the CHP system over the actual separate
heat and power depends on the equivaent efficiency of the unitsthat it replaces or displaces. The
actua improvement will be greater because, on average, the dectric grid is 33% efficient and indudtria
boilers are about 75% efficient.

2. Unitsin equation:

The units do not matter as long as fud, power output, and thermd output are dl in the same
units. Thiswill typicaly require converting one or more of the units.

3. Example Cdculations.

Example 1. A net 30 MWy ric ad net 300,000 Ib steamvhr CHP system with a 560 mmBtwhr higher
heeting vaue (HHV) fud input.

First convert dl valuesto consistent units. For this example everything will be converted to MW.!

300,000lbsteam 1mmBtu 1,000,000Btu 1kWh 1MW
> > > > = 87'9MWThermaIOut ut
hr 1,000lbsteam 1mmBtu 3,412Btu  1,000kW P

560mmBtu 1,000,000Btu 1MWh
* * = 164MW
hr 1mmBtu 3,412,000Btu Fuel input

1 steam value will vary slightly depending on specific conditions. Energy value in makeup water should be
subtracted from the energy content of the steam.



Now that al units are consstent the equation can be used:

2*P+1.25*H 2*30+1.25*87.9

—104>1. N L
= 164 1.04 >1.0 Condition satisfied

Because the value is greater than 1 the project would quaify. An dternate method would be to
compare overd| efficiency vaues. At the CHP project power to hest ratio (net power output divided
by net therma output) of 0.34 (30/87.9) the highly efficient separate heat and power equivaent
efficiency (using equation 1) is 69%. Because the CHP project efficiency is 72% it would qualify for
thisguidance. If the actud units that the CHP project is displacing are 40% efficient eectric and 75%
efficient boilers, the actud improvement in efficiency isfrom 61% (SHP) to 72%.

Example 2. A 23 MW gas turbine producing 79 mmBtu/hr net thermd energy with afue input of 236
mmBtwhr lower hegting vdue (LHV).

Firg convert the lower heating vaue of the fud to the higher heating value. For naturd gas
water vapor is gpproximately 10% of the energy content so the equivaent higher heeting value of the
fud 15262 mmBtuwhr. For thisexampleit is easer to convert the eectrica output to mmBtwh.

3.412mmBtu/ hr

23MW* 1MW = 78.5mmBtu/ hr

Using the equetion,

24P+ 1.25+H 2%78.5+ 1.25+79 - -
F = 262 = 0.98<1.0 condiition not satisfied

Because the vdueislessthan 1 this project would not qualify for this guidance. At this
project’s power to heet ratio of 1, an equivaent highly efficient separate heat and power efficiency is
62%. Becausethis CHP project’s overdl efficiency is 60% it does not meet the specified leve. It
should be noted that while this project does not qudify, it would till most likely have overdl fue
savings snce the efficiency of the more likely displaced SHP technology (40% dectric and 75%
thermal) is 52%.

4. Derivation of Equation:

The equivaent separate heat and power efficiency is defined by the following equation.

1

%Power  %Thermal (equation 1)
E E

EquivalentEfficiency =

P TH



Where,

%Power = The percent of output from the CHP unit in the form of net eectrica or mechanical
outpuit.

%Thermd = The percent of output from the CHP unit in the form of net thermal outpt.

E- = Efficiency of the source of power in the separate heat and power calculation (i.e. power
plant).

Er = Efficiency of the source of therma energy in the separate heat and power calculation (i.e.
boiler).

The sum of the %Power and %Therma should equd onein dl Stuations. The equivdent
efficiency can be replaced by the sum of the power output (P) and thermad output (H) divided by the
total fuel input (F). The %Power can be replaced by power output divided by the sum of power and
thermd outputs. Likewise, %Therma can be replaced by the therma output divided by the sum of the
power and thermd outputs. The following form of the equation results from the subdtitutions.

P+H _ 1

F P H
P+H ,P+H
Ee En

To isolae dl the varigbles on the left Sde of the equation both sides are multiplied by the
reciprocd of the right side of the equation. The find smplified form of the equation results and is shown
below.

Subdtituting in the values for B, (50%) and E;, (80%) completes the equation. Since E; and
Ery are based on assumed separate heat and power technologies vaues will increase as efficiencies
improve. Aslong astheresult of the equation is greater than 1 the CHP facility will use lessfue to
supply the same output as separate heat and power.



