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Abstract

Levulinic acid (LA) has been reported as an important building
block in the road map of converting biomass to value added
compounds. Since LA is a versatile molecule, techno-economic
analysis of its production from C-6 monosaccharides has been
investigated. In this study, the process of glucose and fructose
conversion to LA was designed in an aqueous solution in presence
of HCI as the homogeneous acid catalyst based on published data.
In order to perform the economic analysis, parameters were
considered as feed mass flow rate 300 tons/day, working days per
year 330, plant lifetime of 20 years, and 10% internal interest rate.
Based on economic evaluations, the minimum selling price (MSP)
of LA produced from fructose and glucose were 1.457 and 1.628
$/Kg, respectively. Sensitivity analysis was conducted to
investigate different parameters impacts on MSP. Results indicate
that feed price and product yield are major affecting parameters.
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Figure 1. Glucose conversion to levulinic acid production process block diagram.
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Table 1. Mass flow rates in the glucose conversion to levulinic acid production process.

Stream Name

Formic acid

Glucose Water (ton/day) Hydrochloric acid Levulinic acid
(ton/day) y (ton/day) (ton/day) (ton/day)
Feed 300 2700 1214 - -
Product - 2700 121.4 169 135
Levulinic - 252.73 - 169 14.079
Formic — Hydrochloric - 2447.27 120.921 - 120.921
Pure Levulinic - 4.0642 - 169 0.357
Formic 2 - 248.668 - - 13.722
Formic 1 - 1879.3 0.0047 - 93.591
Hydrochloric - Cold - 567.967 121.395 - 27.329
Loss - 565.342 29.374 - 27.124
Pure Hydrochloric - 2.6244 92.021 - 0.204
Total Formic - 2127.97 0.0047 - 107.314
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Figure 2. Fructose conversion to levulinic acid production process block diagram.

o ysl sz 5 5951, 55 a5 soud Sl (63,0 &ilse Jlasl b 35 e V+/AY (Gha) e BTV (C-103) ¥ 8 )leds ol 2y ¢ s

ol VY g PIY YAF CFYIF L plp el VoY g VeV e VIVY (Flash-101) JleSU pdads 5 5 o s 202 VY 4 (glas )

5L 950 (65,50 ((F) JSKs) el (glas,) e YIAY 5 (Glad) jxe

Sl g gl sl 43 343858 Jas il 5 a LGl s Y Jgaa

Table 2. Mass flow rates in the fructose conversion to levulinic acid production process.

sweamnane | Swese | war | Hrherioad | Lewtmioad | Farmc s
Feed 300 1665.2 121.4 - -

Product - 1695.2 121.4 198.1 76.2346
Levulinic - 148.565 - 198.1 7.5464
Formic- Hydrochloric - 1546.63 121.4 - 69.0959
Pure Levulinic - 4.35 - 198.1 0.3578
Formic 2 - 144.216 - - 7.1886
Formic 1 - 1204.08 0.0034 - 54.0849
Hydrochloric - Cold - 342.558 121.397 - 15.011
Loss - 339.593 17.6159 - 14.8007
Pure Hydrochloric - 2.9645 103.781 - 0.2102
Total Formic - 1348.29 0.0034 - 61.2735
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Table 3. Total capital investment cost for the glucose conversion to levulinic acid.

Cost Category
Purchased Equipment Cost (PEC)
Purchased equipment installation

Instrumentation and controls
Piping
Electrical systems
Buildings
Yard
Service Facilities
Total Direct Cost (TPC):
Indirect Costs
Engineering and Supervision
Construction Expenses
Legal Expenses
Contractor’s Fee
Contingency
Total indirect plant costs (TIPC):
Fixed-Capital Investment (FCI)
Startup Cost (SC)
Total Capital Investment
Total Profit For 21 Years (10%) [USD]

Total Capital Investment with Profit per Year [USD/Year]

[%] Value Reference Cost Price [USD]
100 - 7414550
47 PEC 3484839
36 PEC 2669238
68 PEC 5041894
11 PEC 815600
18 PEC 1334619
10 PEC 741455
70 PEC 5190185
360 PEC 26692380
33 PEC 2446802
41 PEC 3039966
4 PEC 296582
22 PEC 1631201
44 PEC 3262402
144 PEC 10676952

TIC+ TIPC 37369332
10 FCI 3736933

FCl + SC 41106265

TCI 304196637
14485554

1. Chemical Engineering Plant Cost Index

2. Peters and Timmerhaus
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Figure 3. Costs of levulinic acid production from glucose.
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Table 4. Total operating cost of the glucose conversion to levulinic acid.

Feedstock & operating cost

Glucose

Hydrochloric acid

Utility Cost

Total Operating Cost

Price ($/yr)

39303000

799171

29906700

76497471
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Figure 4. Sensitivity analysis on minimum selling price of levulinic acid produced from glucose.
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Table 5. Total capital investment cost for the fructose conversion to levulinic acid.

Cost Category
Purchased Equipment Cost (PEC)
Purchased equipment installation

Instrumentation and controls
Piping
Electrical systems
Buildings
Yard
Service Facilities
Total Direct Cost (TPC):
Indirect Costs
Engineering and Supervision
Construction Expenses
Legal Expenses
Contractor’s Fee
Contingency
Total indirect plant costs (TIPC):
Fixed-Capital Investment (FCI)
Startup Cost (SC)
Total Capital Investment
Total Profit For 21 Years (10%) [USD]

Total Capital Investment with Profit per Year [USD/Year]

[%] Value Reference Cost Price [USD]
100 - 5734900
47 PEC 2695403
36 PEC 2064564
68 PEC 3899732
11 PEC 630839
18 PEC 1032282
10 PEC 573490
70 PEC 4014430
360 PEC 20645640
33 PEC 1892517
41 PEC 2351309

4 PEC 229396
22 PEC 1261678
44 PEC 2523356
144 PEC 8258256

TIC+ TIPC 28903896

10 FCI 2890390
FCl + SC 31794286
TCI 235285660
11204079
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Table 6. Total operating cost of the fructose conversion to levulinic acid.

Feedstock & operating cost Price ($/yr)

fructose 64152000
Water 1066061
Hydrochloric acid 4220721
Total feedstock cost 65640133
Utility Cost 14994000
Other Operating Cost 3409600
Total Operating Cost 4043733

2% Water and HCL
(Feedstock)

4% Catalyst
Recovery

7% Other

1% Reactor cost

18% LA Prufication

395 R 5 S o sl adgi 50 i gl 3 i B SO

Figure 5. Costs of levulinic acid production from fructose.
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Figure 6. Sensitivity analysis on minimum selling price of levulinic acid produced from fructose.
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