Attachment 2

Cost-effectiveness calculations

The worksheets and tables in this attachment are designed to assist in calculating project cost-effectiveness.  The cost-effectiveness of a project is determined by dividing the annualized cost of the potential project by the annual weighted surplus emission reductions that will be achieved by the project as shown in the formula below.

_________________Annualized Cost ($/yr)___________________

NOx reductions + ROG reductions + [20 x (PM10 reductions] (tons/yr)

All projects funded in this program have been given a default 5 year project life.  The annualized cost is calculated by multiplying the amount agency is requesting by the capital recovery factor (CRF) which is 0.225 for projects with a 5 year project life.  

Please use the same equipment identification number as supplied in the application (Section D.8) for each piece of equipment.  For engine replacement projects, fill out Worksheets A and B.  For equipment replacement projects, fill out Worksheets A and C.  For retrofit only projects, fill out Worksheets A and D.  An Excel worksheet is also available that may be printed out and submitted as part of the application.
Worksheet A. Project Cost Information

Worksheet B. Engine Replacement and Retrofit Cost-effectiveness Calculation

Worksheet C. Equipment Replacement and Retrofit Cost-effectiveness Calculation

Worksheet D. Engine Retrofit Cost-effectiveness Calculation

Tables 1 and 2 list the emission factors and load factors required for the cost-effectiveness calculations.

Table 1. Emission Factors for Off-road Diesel Engines (g/bhp-hr)

Table 2. Load Factors for Off-road Heavy Duty Diesel Engines

The tier standard of an engine can be found on the engine label, on the ARB Executive Order for the engine, or by contacting your engine dealer.  All engines manufactured prior to 1996 are considered uncontrolled or pre-Tier 1.  All pre-1996 engine emission levels will be based on the model year and horsepower for the engines.  If you do not know the model year and horsepower of your engine, it may be found on the engine label or have the engine manufacturer use the engine serial number to look up the information.  More information on off-road engine standards may be found at http://www.arb.ca.gov/msprog/offroad/orcomp/orcomp.htm.
WORKSHEET A

PROJECT COST INFORMATION 

Please attach copies of all sales invoices, vehicle valuations, and repair estimates 

Engine Replacement Costs

	1
	New engine cost……………………………...................................
	1
	$

	2
	Additional parts costs………………………………………………...
	2
	$

	3
	Labor cost……………………………………………………………..
	3
	$

	4
	Total engine replacement costs (add lines 1, 2, and 3)………
	4
	$

	5
	Minimum 25% buy-in (multiply line 4 by 0.25)……………............
	5
	$

	6
	Amount agency is requesting
(must be equal to or less than line 5 subtracted from line 4)
	6
	$


Equipment Replacement Costs

	7
	New equipment cost……………………………………………….
	7
	$

	8
	Minimum 25% buy-in (multiply line 7 with 0.25)…………………..
	8
	$

	9
	Amount agency is requesting 
(must be equal to or less than line 8 subtracted from line 7)
	9
	$


Retrofit Costs

	10
	Engine retrofit parts cost……………………………………............
	10
	$

	11
	Engine retrofit labor cost……………………………………............
	11
	$

	12
	Engine retrofit maintenance costs for 5 years……………............
	12
	$

	13
	Total retrofit costs (add lines 10, 11, and 12)…………............
	13
	$

	14
	Amount agency is requesting
(must be equal to or less than line 13)………………………….
	14
	$


WORKSHEET B

ENGINE REPLACEMENT AND RETROFIT COST EFFECTIVENESS CALCULATION 

Emission Reduction Calculations

Existing Engine Information

	1
	Horsepower……………………………………………………..
	1
	
	hp

	2
	Model Year……………………………………………………...
	2
	
	

	3
	Equipment type…………………….…………………………...
	3
	
	

	4
	Load factor (Table 2) (use equipment type from line 3)……
	4
	
	

	5
	Annual hours of operation……………………………………..
	5
	
	hrs.

	6
	Emission factor for NOx (Table 1) 

(use horsepower and model year from lines 1 and 2)……...
	6
	
	g/bhp-hr

	7
	Emission factor for ROG (Table 1) 

(use horsepower and model year from lines 1 and 2)……...
	7
	
	g/bhp-hr

	8
	Emission factor for PM10 (Table 1) 

(use horsepower and model year from lines 1 and 2)……...
	8
	
	g/bhp-hr

	9
	Multiply lines 1, 4, 5, and 6……………………………………
	9
	
	g/year

	10
	Divide line 9 by 907,200.  This is the annual NOx emissions for the existing engine…………………………
	10
	
	tons/year

	11
	Multiply lines 1, 4, 5, and 7……………………………………
	11
	
	g/year

	12
	Divide line 11 by 907,200.  This is the annual ROG emissions for the existing engine…………………………
	12
	
	tons/year

	13
	Multiply lines 1, 4, 5, and 8……………………………………
	13
	
	g/year

	14
	Divide line 13 by 907,200.  This is the annual PM10 emissions for the existing engine…………………………
	14
	
	tons/year


New Engine Information

	15
	Horsepower……………………………………………………..
	15
	
	hp

	16
	Tier standard……………………………………………………
	16
	
	

	17
	Equipment type…………………….......................................
	17
	
	

	18
	Load factor (Table 2) (use equipment type from line 17).....
	18
	
	

	19
	Annual hours of operation………………………………….....
	19
	
	hrs.

	20
	Emission factor for NOx (Table 1) 

(use horsepower and tier from lines 15 and 16)…………….
	20
	
	g/bhp-hr

	21
	Emission factor for ROG (Table 1) 

(use horsepower and tier from lines 15 and 16)…………….
	21
	
	g/bhp-hr

	22
	Emission factor for PM10 (Table 1) 

(use horsepower and tier from lines 15 and 16)…………….
	22
	
	g/bhp-hr

	23
	Multiply lines 15, 18, 19, and 20………………………………
	23
	
	g/year

	24
	Divide line 23 by 907,200.  This is the annual NOx emissions for the new engine………………………………
	24
	
	tons/year

	25
	Multiply lines 15, 18, 19, and 21………………………………
	25
	
	g/year

	26
	Divide line 25 by 907,200.  This is the annual ROG emissions for the new engine………………………………
	26
	
	tons/year

	27
	Multiply lines 15, 18, 19, and 22………………………………
	27
	
	g/year

	28
	Divide line 27 by 907,200.  This is the annual PM10 emissions for the new engine………………………………
	28
	
	tons/year


WORKSHEET B (CONTINUED)
ENGINE REPLACEMENT AND RETROFIT COST EFFECTIVENESS CALCULATION 

	29
	Subtract line 24 from line 10…………………………………..
	29
	
	tons/year

	30
	Subtract line 26 from line 12……………………………….....
	30
	
	tons/year

	31
	Subtract line 28 from line 14……………………………….....
	31
	
	tons/year

	*If a retrofit is not available for the engine, enter “0” in lines 32-34.*

	32
	ARB verified percent of PM reductions for retrofit…………..
	32
	
	%

	33
	Divide line 32 by 100……………………………………..........
	33
	
	

	34
	Multiply lines 28 and 33…………………………………….....
	34
	
	tons/year

	35
	Add lines 31 and 34……………………………………………
	35
	
	tons/year

	36
	Multiply line 35 by 20…………………………………………..
	36
	
	tons/year

	37
	Add lines 29, 30, and 36.  This is the annual weighted surplus emission reduction…………………………………
	37
	
	tons/year


Annualized Cost Calculations
	38
	Capital Recovery Factor………………………………………
	38
	0.225

	39
	Amount agency is requesting for engine replacement
(line 6, Worksheet A)…………………………………………..
	39
	$

	40
	Amount agency is requesting for retrofit

(line 14, Worksheet A)…………………………………………
	40
	$

	41
	Add lines 39 and 40……………………………………………
	41
	$

	42
	Multiply lines 38 and 41.  This is the annualized cost…….
	42
	$


Cost-Effectiveness Calculation

	43
	Divide line 42 by line 37.  

This is the cost-effectiveness of the project……………...
	43
	
	$/tons


WORKSHEET C

Equipment Replacement AND RETROFIT COST EFFECTIVENESS CALCULATION

Emission Reduction Calculations

Existing Engine Information

	1
	Horsepower……………………………………………………..
	1
	
	hp

	2
	Model Year………................................................................
	2
	
	

	3
	Equipment type……………………........................................
	3
	
	

	4
	Load factor (Table 2) (use equipment type from line 3)……
	4
	
	

	5
	Annual hours of operation……………………………………..
	5
	
	hrs.

	6
	Emission factor for NOx (Table 1) 

(use horsepower and model year from lines 1 and 2)……..
	6
	
	g/bhp-hr

	7
	Emission factor for ROG (Table 1) 

(use horsepower and model year from lines 1 and 2)……..
	7
	
	g/bhp-hr

	8
	Emission factor for PM10 (Table 1) 

(use horsepower and model year from lines 1 and 2)……..
	8
	
	g/bhp-hr

	9
	Multiply lines 1, 4, 5, and 6……………………………………
	9
	
	g/year

	10
	Divide line 9 by 907,200.  This is the annual NOx emissions for the existing engine…………………………
	10
	
	tons/year

	11
	Multiply lines 1, 4, 5, and 7……………………………………
	11
	
	g/year

	12
	Divide line 11 by 907,200.  This is the annual ROG emissions for the existing engine…………………………
	12
	
	tons/year

	13
	Multiply lines 1, 4, 5, and 8……………………………………
	13
	
	g/year

	14
	Divide line 13 by 907,200.  This is the annual PM10 emissions for the existing engine…………………………
	14
	
	tons/year


New Engine Information

	15
	Horsepower……………………………………………………..
	15
	
	hp

	16
	Tier standard……….............................................................
	16
	
	

	17
	Equipment type……………………........................................
	17
	
	

	18
	Load factor (Table 2) (use equipment type from line 17).....
	18
	
	

	19
	Annual hours of operation………………………………….....
	19
	
	hrs.

	20
	Emission factor for NOx (Table 1) 

(use horsepower and tier from lines 15 and 16)…………….
	20
	
	g/bhp-hr

	21
	Emission factor for ROG (Table 1) 

(use horsepower and tier from lines 15 and 16)…………….
	21
	
	g/bhp-hr

	22
	Emission factor for PM10 (Table 1) 

(use horsepower and tier from lines 15 and 16)…………….
	22
	
	g/bhp-hr

	23
	Multiply lines 15, 18, 19, and 20………………………………
	23
	
	g/year

	24
	Divide line 23 by 907,200.  This is the annual NOx emissions for the new engine………………………………
	24
	
	tons/year

	25
	Multiply lines 15, 18, 19, and 21………………………………
	25
	
	g/year

	26
	Divide line 25 by 907,200.  This is the annual ROG emissions for the new engine………………………………
	26
	
	tons/year

	27
	Multiply lines 15, 18, 19, and 22………………………………
	27
	
	g/year

	28
	Divide line 27 by 907,200.  This is the annual PM10 emissions for the new engine………………………………
	28
	
	tons/year


WORKSHEET C (CONTINUED)
Equipment Replacement AND RETROFIT COST EFFECTIVENESS CALCULATION

	29
	Subtract line 24 from line 10…………………………………..
	29
	
	tons/year

	30
	Subtract line 26 from line 12……………………………….....
	30
	
	tons/year

	31
	Subtract line 28 from line 14……………………………….....
	31
	
	tons/year

	*If a retrofit is not available for the engine, enter “0” in lines 32-34.*

	32
	ARB verified percent of PM reductions for retrofit…………..
	32
	
	%

	33
	Divide line 32 by 100……………………………………..........
	33
	
	

	34
	Multiply lines 28 and 33…………………………………….....
	34
	
	tons/year

	35
	Add lines 31 and 34……………………………………………
	35
	
	tons/year

	36
	Multiply line 35 by 20…………………………………………..
	36
	
	tons/year

	37
	Add lines 29, 30, and 36.  This is the annual weighted surplus emission reduction…………………………………
	37
	
	tons/year


Annualized Cost Calculations
	38
	Capital Recovery Factor………………………………………
	38
	0.225

	39
	Amount agency is requesting for equipment replacement
(line 9, Worksheet A)…………………………………………..
	39
	$

	40
	Amount agency is requesting for retrofit

(line 14, Worksheet A)…………………………………………
	40
	$

	41
	Add lines 39 and 40……………………………………………
	41
	$

	42
	Multiply lines 38 and 41.  This is the annualized cost…….
	42
	$


Cost-Effectiveness Calculation

	43
	Divide line 42 by line 37.  

This is the cost-effectiveness of the project……………...
	43
	
	$/tons


WORKSHEET D

RETROFIT COST EFFECTIVENESS CALCULATION

Emission Reduction Calculations

Existing Engine Information

	1
	Horsepower……………………………………………………..
	1
	
	hp

	2
	Tier standard……….............................................................
	2
	
	

	3
	Equipment type……………………........................................
	3
	
	

	4
	Load factor (Table 2) (use equipment type from line 3)……
	4
	
	

	5
	Annual hours of operation……………………………………..
	5
	
	hrs.

	6
	Emission factor for PM10 (Table 1) 

(use horsepower and tier from lines 1 and 2)……………….
	6
	
	g/bhp-hr

	7
	Multiply lines 1, 4, 5, and 6……………………………………
	7
	
	g/year

	8
	Divide line 7 by 907,200.  This is the annual PM10 emissions for the existing engine…………………………
	8
	
	tons/year


	9
	ARB verified percent of PM reductions for retrofit…………..
	9
	85
	%

	10
	Divide line 9 by 100………………………………………........
	10
	0.85
	

	11
	Multiply lines 8 and 10.  This is the annual surplus emission reductions………………………………………….
	11
	
	tons/year

	12
	Multiply line 11 by 20.  This is the annual weighted surplus emission reductions……………………………….
	12
	
	tons/year


Annualized Cost Calculations
	13
	Capital Recovery Factor……………………………………….
	13
	0.225

	14
	Amount agency is requesting from retrofit

(line 14, Worksheet A)…………………………………………
	14
	$

	15
	Multiply lines 13 and 14.  This is the annualized cost…….
	15
	$


Cost-Effectiveness Calculation

	16
	Divide line 15 by line 12.  

This is the cost-effectiveness of the project……………...
	16
	
	$/tons


Table 1. Emission Factors for Off-Road Diesel Engines (g/bhp-hr)

	Horsepower
	Tier
	NOx
	ROG
	PM10

	25 – 49
	Uncontrolled pre-1988
	6.51
	2.21
	0.547

	
	Uncontrolled 1988 +
	6.42
	2.17
	0.547

	
	1
	5.26
	1.74
	0.480

	
	2
	4.63
	0.29
	0.280

	50 – 74
	Uncontrolled pre-1988
	12.09
	1.73
	0.605

	
	Uncontrolled 1988+
	8.14
	1.19
	0.497

	
	1
	6.54
	1.19
	0.552

	
	2
	4.75
	0.23
	0.192

	75 – 99
	Uncontrolled pre-1988
	12.09
	1.73
	0.605

	
	Uncontrolled 1988+
	8.14
	1.19
	0.497

	
	1
	6.54
	1.19
	0.552

	
	2
	4.75
	0.23
	0.192

	
	3
	2.74
	0.12
	0.192

	100 – 174
	Uncontrolled pre-1970
	13.02
	1.59
	0.554

	
	Uncontrolled 1970 – 1971
	12.09
	1.32
	0.475

	
	Uncontrolled 1972 – 1979
	11.16
	1.20
	0.396

	
	Uncontrolled 1980 – 1984
	10.23
	1.13
	0.396

	
	Uncontrolled 1985 – 1987
	10.23
	1.06
	0.396

	
	Uncontrolled post-1987
	7.60
	0.82
	0.274

	
	1
	6.54
	0.82
	0.304

	
	2
	4.17
	0.19
	0.128

	
	3
	2.32
	0.12
	0.112

	175 – 299
	Uncontrolled pre-1970
	13.02
	1.52
	0.554

	
	Uncontrolled 1970 – 1971
	12.09
	1.26
	0.475

	
	Uncontrolled 1972 – 1979
	11.16
	1.14
	0.396

	
	Uncontrolled 1980 – 1984
	10.23
	1.08
	0.396

	
	Uncontrolled 1985 – 1987
	10.23
	1.01
	0.396

	
	Uncontrolled post-1987
	7.60
	0.82
	0.274

	
	1
	5.93
	0.38
	0.120

	
	2
	4.15
	0.12
	0.088

	
	3
	2.32
	0.12
	0.088

	300 – 750
	Uncontrolled pre- 1970
	13.02
	1.52
	0.533

	
	Uncontrolled 1970 – 1971
	12.09
	1.26
	0.454

	
	Uncontrolled 1972 – 1979
	11.16
	1.14
	0.382

	
	Uncontrolled 1980 – 1984
	10.23
	1.08
	0.382

	
	Uncontrolled 1985 – 1987
	10.23
	1.01
	0.382

	
	Uncontrolled post- 1987
	7.60
	0.82
	0.274

	
	1
	5.93
	0.38
	0.120

	
	2
	3.79
	0.12
	0.088

	
	3
	2.32
	0.12
	0.088


	Horsepower
	Tier
	NOx
	ROG
	PM10

	>750
	Uncontrolled pre- 1970
	13.02
	1.52
	0.533

	
	Uncontrolled 1970 – 1971
	12.09
	1.26
	0.454

	
	Uncontrolled 1972 – 1979
	11.16
	1.14
	0.382

	
	Uncontrolled 1980 – 1984
	10.23
	1.08
	0.382

	
	Uncontrolled 1985 – 1987
	10.23
	1.01
	0.382

	
	Uncontrolled post- 1987
	7.60
	0.82
	0.274

	
	1
	5.93
	0.38
	0.120

	
	2
	3.87
	0.12
	0.088


Table 2.  Load Factors for Off-Road Heavy-Duty Diesel Engines
	Bore/Drill Rigs
	0.75

	Cranes
	0.43

	Crawler Tractors
	0.64

	Crushing/Processing
	0.78

	Excavators
	0.57

	Graders
	0.61

	Off-Highway Tractors
	0.65

	Off-Highway Trucks
	0.57

	Pavers
	0.62

	Other Paving Equipment
	0.53

	Rollers
	0.56

	Rough Terrain Forklifts
	0.60

	Rubber-Tired Dozers
	0.59

	Rubber-Tired Loaders
	0.54

	Scrapers
	0.72

	Signal Boards
	0.78

	Skid Steer Loaders
	0.55

	Surfacing Equipment
	0.45

	Tractors/Loaders/Backhoes
	0.55

	Trenchers
	0.75

	Other Construction Equipment
	0.62


SAMPLE CALCULATION 1
Example 1: Engine Replacement and Retrofit 
An applicant wants to replace a model year (MY) 1987 Caterpillar 623B (300 hp) scraper engine with a MY 2006 Tier 3 engine.  The existing engine operates 1,000 hours per year.  The applicant is proposing to install a new MY 2006 Caterpillar C15 (300 hp) that costs $65,000 for the engine, $45,000 for additional parts, and $10,000 for labor.  A Level 3 (85% PM10 reduction) diesel particulate filter has been verified for use on the 2006 Caterpillar C15 engine and has a cost of $17,000 for the retrofit, $2,000 for the retrofit labor, and $5,000 for retrofit maintenance for 5 years.  The applicant will be contributing $30,000 to the cost of the engine replacement.

From Worksheet A:

Engine Replacement Costs

	1
	New engine cost……………………………....................................
	1
	$65,000

	2
	Additional parts costs…………………………………………………
	2
	$45,000

	3
	Labor cost……………………………………………………………...
	3
	$10,000

	4
	Total repower costs (add lines 1, 2, and 3)……………………..
	4
	$120,000

	5
	Minimum 25% buy-in (multiply line 4 by 0.25)…………….............
	5
	$30,000

	6
	Amount agency is requesting

(must be equal to or less than line 5 subtracted from line 4).
	6
	$90,000


Retrofit Costs

	10
	Engine retrofit parts cost……………………………………............
	10
	$17,000

	11
	Engine retrofit labor cost……………………………………............
	11
	$2,000

	12
	Engine retrofit maintenance costs for 5 years……………............
	12
	$5,000

	13
	Total retrofit costs (add lines 10, 11, and 12)…………............
	13
	$24,000

	14
	Amount agency is requesting

(must be equal to or less than line 13)………………………….
	14
	$24,000


SAMPLE CALCULATION 1 (CONTINUED) 

From Worksheet B:
Emission Reduction Calculations

Existing Engine Information

	1
	Horsepower……………………………………………………..
	1
	300
	hp

	2
	Model Year……………………………………………………...
	2
	UC, 1987
	

	3
	Equipment type…………………….…………………………...
	3
	scraper
	

	4
	Load factor (Table 2) (use equipment type from line 3)……
	4
	0.72
	

	5
	Annual hours of operation……………………………………..
	5
	1,000
	hrs.

	6
	Emission factor for NOx (Table 1) 

(use horsepower and model year from lines 1 and 2)……...
	6
	10.23
	g/bhp-hr

	7
	Emission factor for ROG (Table 1) 

(use horsepower and model year from lines 1 and 2)……...
	7
	1.01
	g/bhp-hr

	8
	Emission factor for PM10 (Table 1) 

(use horsepower and model year from lines 1 and 2)……...
	8
	0.382
	g/bhp-hr

	9
	Multiply lines 1, 4, 5, and 6……………………………………
	9
	2,209,680
	g/year

	10
	Divide line 9 by 907,200.  This is the annual NOx emissions for the existing engine…………………………
	10
	2.44
	tons/year

	11
	Multiply lines 1, 4, 5, and 7……………………………………
	11
	218,160
	g/year

	12
	Divide line 11 by 907,200.  This is the annual ROG emissions for the existing engine…………………………
	12
	0.24
	tons/year

	13
	Multiply lines 1, 4, 5, and 8……………………………………
	13
	82,512
	g/year

	14
	Divide line 13 by 907,200.  This is the annual PM10 emissions for the existing engine…………………………
	14
	0.091
	tons/year


New Engine Information

	15
	Horsepower……………………………………………………..
	15
	300
	hp

	16
	Tier standard……….............................................................
	16
	3
	

	17
	Equipment type……………………........................................
	17
	Scraper
	

	18
	Load factor (Table 2) (use equipment type from line 17).....
	18
	0.72
	

	19
	Annual hours of operation………………………………….....
	19
	1,000
	hrs.

	20
	Emission factor for NOx (Table 1) 

(use horsepower and tier from lines 15 and 16)…………….
	20
	2.32
	g/bhp-hr

	21
	Emission factor for ROG (Table 1) 

(use horsepower and tier from lines 15 and 16)…………….
	21
	0.12
	g/bhp-hr

	22
	Emission factor for PM10 (Table 1) 

(use horsepower and tier from lines 15 and 16)…………….
	22
	0.088
	g/bhp-hr

	23
	Multiply lines 15, 18, 19, and 20………………………………
	23
	501,120
	g/year

	24
	Divide line 23 by 907,200.  This is the annual NOx emissions for the new engine………………………………
	24
	0.55
	tons/year

	25
	Multiply lines 15, 18, 19, and 21………………………………
	25
	25,920
	g/year

	26
	Divide line 25 by 907,200.  This is the annual ROG emissions for the new engine………………………………
	26
	0.03
	tons/year

	27
	Multiply lines 15, 18, 19, and 22………………………………
	27
	19,008
	g/year

	28
	Divide line 27 by 907,200.  This is the annual PM10 emissions for the new engine………………………………
	28
	0.021
	tons/year


SAMPLE CALCULATION 1 (CONTINUED) 

	29
	Subtract line 24 from line 10…………………………………..
	29
	1.89
	tons/year

	30
	Subtract line 26 from line 12……………………………….....
	30
	0.21
	tons/year

	31
	Subtract line 28 from line 14……………………………….....
	31
	0.070
	tons/year

	*If a retrofit is not available for the engine, enter “0” in lines 32-34.*

	32
	ARB verified percent of PM reductions for retrofit…………..
	32
	85
	%

	33
	Divide line 32 by 100……………………………………..........
	33
	0.85
	

	34
	Multiply lines 28 and 33…………………………………….....
	34
	0.018
	tons/year

	35
	Add lines 31 and 34……………………………………………
	35
	0.088
	tons/year

	36
	Multiply line 35 by 20…………………………………………..
	36
	1.76
	tons/year

	37
	Add lines 29, 30, and 36.  This is the annual weighted surplus emission reduction…………………………………
	37
	3.86
	tons/year


Annualized Cost Calculations
	38
	Capital Recovery Factor………………………………………
	38
	0.225

	39
	Amount agency is requesting for engine replacement
(line 6, Worksheet A)…………………………………………..
	39
	$90,000

	40
	Amount agency is requesting for retrofit

(line 14, Worksheet A)…………………………………………
	40
	$24,000

	41
	Add lines 39 and 40……………………………………………
	41
	$114,000

	42
	Multiply lines 38 and 41.  This is the annualized cost…….
	42
	$25,650


Cost-Effectiveness Calculation

	43
	Divide line 42 by line 37.  

This is the cost-effectiveness of the project……………...
	44
	6,645
	$/tons


SAMPLE CALCULATION 2
Example 2: Equipment Replacement and Retrofit 
An applicant wants to replace a fully-functional wheel loader in their current fleet with a 2007 Caterpillar 950H (200 hp) at a cost of $210,000.  The applicant’s current wheel loader is a model year 1990 with a 185 horsepower and operates an average of 750 hours per year.  A Level 3 (85% PM10 reduction) diesel particulate filter will be installed on the new equipment.  The retrofit costs are as follows: $15,000 for the retrofit, $2,000 for the retrofit labor, and $5,000 for retrofit maintenance for 5 years.  The applicant will be contributing $100,000 to the cost of the equipment replacement.

From Worksheet A:

Equipment Replacement Costs

	7
	New equipment cost……………………………………………….
	7
	$210,000

	8
	Minimum 25% buy-in (multiply line 7 with 0.25)………………….
	8
	$52,500

	9
	Amount agency is requesting 

(must be equal to or less than line 8 subtracted from line 7).
	9
	$110,000


Retrofit Costs

	10
	Engine retrofit parts cost……………………………………...........
	10
	$15,000

	11
	Engine retrofit labor cost……………………………………...........
	11
	$2,000

	12
	Engine retrofit maintenance costs for 5 years……………...........
	12
	$5,000

	13
	Total retrofit costs (add lines 10, 11, and 12)…………...........
	13
	$22,000

	14
	Amount agency is requesting

(must be equal to or less than line 13)…………………………
	14
	$22,000


SAMPLE CALCULATION 2 (CONTINUED)
From Worksheet C:
Emission Reduction Calculations
Existing Engine Information

	1
	Horsepower……………………………………………………..
	1
	185
	hp

	2
	Model Year………................................................................
	2
	1990
	

	3
	Equipment type……………………........................................
	3
	Loader
	

	4
	Load factor (Table 2) (use equipment type from line 3)……
	4
	0.55
	

	5
	Annual hours of operation……………………………………..
	5
	750
	hrs.

	6
	Emission factor for NOx (Table 1) 

(use horsepower and model year from lines 1 and 2)……..
	6
	7.60
	g/bhp-hr

	7
	Emission factor for ROG (Table 1) 

(use horsepower and model year from lines 1 and 2)……..
	7
	0.82
	g/bhp-hr

	8
	Emission factor for PM10 (Table 1) 

(use horsepower and model year from lines 1 and 2)……..
	8
	0.274
	g/bhp-hr

	9
	Multiply lines 1, 4, 5, and 6……………………………………
	9
	579,975
	g/year

	10
	Divide line 9 by 907,200.  This is the annual NOx emissions for the existing engine…………………………
	10
	0.64
	tons/year

	11
	Multiply lines 1, 4, 5, and 7……………………………………
	11
	62,576
	g/year

	12
	Divide line 11 by 907,200.  This is the annual ROG emissions for the existing engine…………………………
	12
	0.07
	tons/year

	13
	Multiply lines 1, 4, 5, and 8……………………………………
	13
	20,910
	g/year

	14
	Divide line 13 by 907,200.  This is the annual PM10 emissions for the existing engine…………………………
	14
	0.023
	tons/year


New Engine Information

	15
	Horsepower……………………………………………………..
	15
	200
	hp

	16
	Tier standard……….............................................................
	16
	3
	

	17
	Equipment type……………………........................................
	17
	Loader
	

	18
	Load factor (Table 2) (use equipment type from line 17).....
	18
	0.55
	

	19
	Annual hours of operation………………………………….....
	19
	750
	hrs.

	20
	Emission factor for NOx (Table 1) 

(use horsepower and tier from lines 15 and 16)…………….
	20
	2.32
	g/bhp-hr

	21
	Emission factor for ROG (Table 1) 

(use horsepower and tier from lines 15 and 16)…………….
	21
	0.12
	g/bhp-hr

	22
	Emission factor for PM10 (Table 1) 

(use horsepower and tier from lines 15 and 16)…………….
	22
	0.088
	g/bhp-hr

	23
	Multiply lines 15, 18, 19, and 20………………………………
	23
	191,400
	g/year

	24
	Divide line 23 by 907,200.  This is the annual NOx emissions for the new engine………………………………
	24
	0.21
	tons/year

	25
	Multiply lines 15, 18, 19, and 21………………………………
	25
	9.900
	g/year

	26
	Divide line 25 by 907,200.  This is the annual ROG emissions for the new engine………………………………
	26
	0.01
	tons/year

	27
	Multiply lines 15, 18, 19, and 22………………………………
	27
	7,260
	g/year

	28
	Divide line 27 by 907,200.  This is the annual PM10 emissions for the new engine………………………………
	28
	0.008
	tons/year


SAMPLE CALCULATION 2 (CONTINUED)
	29
	Subtract line 24 from line 10…………………………………..
	29
	0.43
	tons/year

	30
	Subtract line 26 from line 12……………………………….....
	30
	0.06
	tons/year

	31
	Subtract line 28 from line 14……………………………….....
	31
	0.015
	tons/year

	*If a retrofit is not available for the engine, enter “0” in lines 32-34.*

	32
	ARB verified percent of PM reductions for retrofit…………..
	32
	85
	%

	33
	Divide line 32 by 100……………………………………..........
	33
	.85
	

	34
	Multiply lines 28 and 33…………………………………….....
	34
	0.007
	tons/year

	35
	Add lines 31 and 34……………………………………………
	35
	0.022
	tons/year

	36
	Add lines 29 and 30……………………………………………
	36
	0.49
	

	37
	Multiply line 35 by 20…………………………………………..
	37
	0.44
	

	38
	Add lines 36 and 37.  This is the annual weighted surplus emission reduction…………………………………
	38
	0.93
	tons/year


Annualized Cost Calculations
	39
	Capital Recovery Factor………………………………………
	39
	0.225

	40
	Amount agency is requesting for equipment replacement
(line 9, Worksheet A)…………………………………………..
	40
	$110,000

	41
	Amount agency is requesting for retrofit

(line 14, Worksheet A)…………………………………………
	41
	$22,000

	42
	Add lines 40 and 41……………………………………………
	42
	$132,000

	43
	Multiply lines 39 and 42.  This is the annualized cost…….
	43
	$29,700


Cost-Effectiveness Calculation

	44
	Divide line 43 by line 38.  

This is the cost-effectiveness of the project……………...
	44
	31,935
	$/tons


SAMPLE CALCULATION 3
Example 3: Retrofit Only

An applicant wants to retrofit a model year (MY) 2000 backhoe (100 hp).  The existing engine operates 900 hours per year.  A Level 3 diesel particulate filter has been verified for use on the engine and has a cost of $13,000 for the retrofit, $1,000 for the retrofit labor, and $2,000 for retrofit maintenance for 5 years.  The applicant will be contributing $5,000 towards the retrofit purchase.

From Worksheet A:

Retrofit Costs

	10
	Engine retrofit parts cost……………………………………....
	10
	$13,000

	11
	Engine retrofit labor cost……………………………………....
	11
	$1,000

	12
	Engine retrofit maintenance costs for 5 years……………....
	12
	$2,000

	13
	Total retrofit costs (add lines 10, 11, and 12)…………....
	13
	$15,000

	14
	Amount agency is requesting

(must be equal to or less than line 13)……………………
	14
	$10,000


SAMPLE CALCULATION 3
From Worksheet D:
Emission Reduction Calculations

Existing Engine Information

	1
	Horsepower……………………………………………………..
	1
	100
	hp

	2
	Tier standard……….............................................................
	2
	1
	

	3
	Equipment type……………………........................................
	3
	Backhoe
	

	4
	Load factor (Table 2) (use equipment type from line 3)……
	4
	0.55
	

	5
	Annual hours of operation……………………………………..
	5
	900
	hrs.

	6
	Emission factor for PM10 (Table 1) 

(use horsepower and tier from lines 1 and 2)……………….
	6
	0.304
	g/bhp-hr

	7
	Multiply lines 1, 4, 5, and 6……………………………………
	7
	15,048
	g/year

	8
	Divide line 7 by 907,200.  This is the annual PM10 emissions for the existing engine…………………………
	8
	0.017
	tons/year


	9
	ARB verified percent of PM reductions for retrofit…………..
	9
	85
	%

	10
	Divide line 9 by 100……………………………………............
	10
	0.85
	

	11
	Multiply lines 8 and 10.  This is the annual surplus emission reductions………………………………………….
	11
	0.014
	tons/year

	12
	Multiply line 11 by 20.  This is the annual weighted surplus emission reductions……………………………….
	12
	0.28
	tons/year


Annualized Cost Calculations
	13
	Capital Recovery Factor……………………………………….
	13
	0.225

	14
	Amount agency is requesting from retrofit

(line 14, Worksheet A)…………………………………………
	14
	$10,000

	15
	Multiply lines 13 and 14.  This is the annualized cost…….
	15
	$2,250


Cost-Effectiveness Calculation

	16
	Divide line 15 by line 12.  

This is the cost-effectiveness of the project……………...
	16
	8,036
	$/tons


