MEMORANDUM #3
TO:
Design Teams, Chemical Processes Division

FROM:
Kenneth R. Cox, Vice President of Engineering
DATE:
October 1, 2005


SUBJECT:
Acetone Plant Design—Background on Utility, Raw Material, and Product Costs
Our Business Center has re-evaluated the cost data provided by Bozo Engineering. Their analysis has led to significant concerns about the values Bozo used in their analysis. By way of this memo, we are asking you to review and update these values prior to applying them to your finished design recommendations for the Acetone Plant.

All raw material, product, and utility costs used by Bozo Engineering are indicated below.  They assumed these prices are firm for the first year.

	Material
	Cost [$ / unit]
	Enthalpy 

	Feed stream (0.67 mol% IPA)
	($0.20) / lb
	N/A

	Process water
	($1.00) / 1000 gal
	N/A

	Hydrogen (≤ 10 mol% acetone)
	$1.80 / 1000 scfh
	N/A

	Acetone (≥ 99.9 mol%)
	$0.28 / lb
	N/A

	Wastewater (≤ 50 ppmw TOC)
	($41.00) / m3
	N/A

	Cooling water utility (T=30°C)
	($0.05) / 1000 gal
	N/A

	Refrigerated water utility (T=5°C)
	($20.30) / GJ‡
	N/A

	Low pressure sat. steam (90 psig)
	($3.60) / 1000 lb
	894.6 Btu/lb

	High pressure sat. steam (600 psig)
	($5.10) / 1000 lb
	732.0 Btu/lb

	Natural gas
	($3.57) / 1000 scf
	1315 Btu/scf

	Electricity
	($0.052) / kWh
	N/A


‡ GJ = gigajoule

Our Business Center has reviewed these values to determine which are valid and which need to be revised. The cost of the feed stream is fixed by long-term contracts and will even apply at the higher rates we will be demanded. You can assume this value is correct in the table.
Most of the costs for utilities provided by our plant site are also correct as shown in the table above. These correct costs include process water, wastewater, cooling water, and refrigerated water. It also includes the price we receive for hydrogen produced by our acetone process. Our utilities engineers assure me they can provide the increased rates you have requested, but you must adhere strictly to the purity specifications stated in the table. The costs indicated for the steam are far from correct. Note that only two steam pressures are available at our site.
Fortunately our steam is generated in a coal-fired boiler. This has kept our costs very low compared to gas-fired boilers.  An equation presented by Doherty and Malone (2001) in the book “Conceptual Design of Distillation Systems” provides an accurate estimate for steam costs.
Cstm = (31 ln P – 214)PE + 4.82 PC
Where 


Cstm = cost of steam in $/1000 kg


P     = steam pressure in psia


PE   = price of electricity in $/kWh


PC   = cost of coal in $/MM Btu

For reference, the following table from the Doherty and Malone book gives example values calculated using this equation with electricity at $0.05 per kWh and coal at $1.62 per MM Btu.

	Pressure

(psia)
	Temperature

(°C)
	Cost

($/1,000 kg)
	ΔHstm
(kJ/kg)

	30
	121
	2.38
	2,213

	50
	138
	3.17
	2,159

	100
	165
	4.25
	2,067

	200
	194
	5.32
	1,960

	500
	242
	6.74
	1,755

	750
	266
	7.37
	1,634


Natural gas and electricity are provided at average costs for the United States Gulf Coast. Our Business Center reminds us that the current value for natural gas is probably at least a factor of two higher than the values used by Bozo Engineering. The cost of electricity may not be that far off. You should refine the values for both of these costs.

Our Business Center reminds us that the primary U.S. source for the costs of natural gas, electricity, and coal is the “Monthly Energy Review” published by the Energy Information Administration. The values are also published at their web site. Their primary source for acetone prices is the “Chemical Market Reporter”.

