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Today’s schedule

2

• 08:30 - 09:00 Quiz 3

• 09:10 - 09:40 (Catarina) Gate 3: Economic analysis

• 09:50 - 10:50 (Arthur) Aspen Tutorial 5: Chemical reactors + Aspen 

convergence

• 11:00 - 16:00 Teamwork: Gate 2



■

C
h
E

-4
5
9

 P
ro

ce
ss

 D
e
v
e
lo

p
m

e
n
t

Q
1

In
tr

o

Gate 3: Economic Evaluation of Projects

3

Objective: Access financial viability and profitability

Main steps:

1. Identify costs and revenues

1.1. Estimate capital expenditures (CAPEX)

1.2. Estimate operating expenditures (OPEX)

1.3. Estimate revenues

2. Calculate cash flows

3. Calculate discounted cash flows

4. Perform economic analysis

Sources of information:
▪ G. Towler, R. Sinnott, Chemical Engineering Design, 2021, Elsevier Science

▪ R. Turton, J.A. Shaeiwitz, D. Bhattacharyya, W.B. Whiting, Analysis, Synthesis, and Design of Chemical 

Processes, 2018, Pearson Education

https://www.sciencedirect.com/book/9780128211793/chemical-engineering-design


■

C
h
E

-4
5
9

 P
ro

ce
ss

 D
e
v
e
lo

p
m

e
n
t

Q
1

In
tr

o

▪ Fixed capital cost (𝐹𝐶𝐼): Total cost of designing, constructing and installing a plant and the 

associated modifications needed to prepare the plant site:
𝐹𝐶𝐼 = 𝐼𝑆𝐵𝐿 + 𝑂𝑆𝐵𝐿 + 𝐷&𝐸 + 𝑋

➢ 𝐼𝑆𝐵𝐿: Inside battery limits investment – the cost of the plant itself:

• Direct field costs: major process equipment (reactors, heat exchangers, etc), bulk items (piping, valves, solvents, 
catalysts, etc), civil works, installation labour and supervision.

• Indirect field costs: construction costs (equipment rental, temporary water and power, etc), field expenses and services 
(canteens, specialists, etc), construction insurance, labour benefits and burdens (social security, workers 

compensation, etc.), miscellaneous overheads (local taxes, patent fees, etc)

➢ 𝑂𝑆𝐵𝐿: Offsite investment – additions  that must be made to the site infrastructure

• Electric main substations, transformers, power generation plants, boilers, cooling towers, etc.

• 20 – 50 % of 𝐼𝑆𝐵𝐿

➢ 𝐷&𝐸: Design and engineering

• Detailed design engineering of process equipment, piping and control systems, civil engineering, construction 
supervision, administrative charges, etc.

• 30 % of (𝐼𝑆𝐵𝐿+ 𝑂𝑆𝐵𝐿) for smaller projects, 10 % for larger projects

➢ 𝑋: Contingency charges

• Changes in prices, currency fluctuations, other unexpected problems

• minimum 10 % of (𝐼𝑆𝐵𝐿+ 𝑂𝑆𝐵𝐿) can go up to 50 % if the technology is uncertain

1.1. Estimate capital expenditures (CAPEX)

4
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Estimation of equipment cost

▪ Most accurate: current price quote from a suitable vendor

• Search for manufacturer’s catalogue prices

▪ Next best: cost data on previously purchased equipment of the same type

▪ When no reliable cost data is available: use cost correlations from chemical engineering 
textbooks:

Method 1. Sinnott, 2020

𝐶𝑒 = 𝑎 + 𝑏𝑆𝑛

𝐶𝑒 = purchased equipment cost on a U.S. Gulf Coast basis, Jan. 2007 (CE index (CEPCI) ¼ 509.7, 
NF refinery inflation index ¼ 2059.1)

𝑎, 𝑏 = cost constants

𝑆 = capacity or size parameter

𝑛 = exponent for that type of equipment

1.1. Estimate capital expenditures (CAPEX)

5

available in

Sinnott, 2020

✓ Check the validity of the correlations (lower 

and upper values of 𝑆)
✓ Prices are all for carbon steel equipment 

except when noted (use material factors 

available in Sinnott, 2020)
✓ Costs must be updated to current values 

and converted to international locations
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Method 2. Turton, 2018

log10 𝐶𝑝
0 = 𝐾1 +𝐾2 log10𝐴 +𝐾3 log10𝐴

2

𝐶𝑝
0 = cost of the equipment, at ambient operating pressure and using carbon steel construction, May 

to September of 2001

𝐾1, 𝐾2, 𝐾3 = cost constants

𝐴 = capacity or size parameter for the equipment

▪ Correction for pressure and construction material:

• Bare Module and Material Factors for Heat Exchangers, Process Vessels, and Pumps

𝐶𝐵𝑀 = 𝐶𝑝
0𝐹𝐵𝑀 = 𝐶𝑝

0 𝐵1 + 𝐵2𝐹𝑀𝐹𝑃

log10 𝐹𝑃 = 𝐶1 + 𝐶2 log10 𝑃 + 𝐶3 log10 𝑃
2

𝐶𝐵𝑀 = corrected cost

𝐹𝐵𝑀 = Bare module cost factor

𝐵1, 𝐵2 = Bare module constants

𝐹𝑀, 𝐹𝑃 = material and pressure factor

𝐶1, 𝐶2, 𝐶3 = pressure facture constants

𝑃 = pressure in bar gauge or barg (1 bar = 0.0 barg)

Correlations for other equipment available in Turton, 2018

1.1. Estimate capital expenditures (CAPEX)

6

✓ Check the validity of the correlations 

(lower and upper values of 𝐴)

✓ Costs must be updated to current 

values and converted to international 

locations

available in

Turton, 2018
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Cost escalation

▪ Effect of capacity on purchased equipment cost:

𝐶𝑎
𝐶𝑏

=
𝐴𝑎
𝐴𝑏

𝑛

𝐶 = Purchased cost

𝐴 = equipment cost attribute (size/capacity)

𝑛 = Cost exponent (exponents available in Annex I)

𝑎 refers to equipment with the required attribute, 𝑏 refers to equipment with the base attribute

▪ Effect of time on purchased equipment cost

• The prices of the materials of construction and the costs of labour are subject to inflation

• Cost indexes are tools used to measure changes in the cost of goods and services over time, tracking the 

inflation or deflation rates in specific sectors or economies

Cost in year A = Cost in year B ×
Cost index in year A

Cost index in year B

1.1. Estimate capital expenditures (CAPEX)

7

The longer the period 

over which the correlation 

is made the more 

unreliable the estimate.
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Cost escalation

▪ Effect of time on purchased equipment cost

1.1. Estimate capital expenditures (CAPEX)

8

Variations in Several Commonly Used Cost Indexes over a 15-Year Period 

(1996–2011). Source: R. Turton, J.A. Shaeiwitz, D. Bhattacharyya, W.B. 

Whiting, Analysis, Synthesis, and Design of Chemical Processes, 2018, 

Pearson Education

Structure of the CEPCI.

Source: https://www.chemengonline.com/Assets/File/CEPCI_2002.pdf

https://www.chemengonline.com/Assets/File/CEPCI_2002.pdf
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Cost escalation

▪ Location factors

Most plant and equipment cost data is given on a U.S. Gulf Coast (USGC) or Northwest Europe (NEW) basis

The cost of building a plant in any other location will depend on:

• Local fabrication and construction infrastructure

• Local labour availability and cost

• Costs of shipping or transporting equipment to site

• Import duties or other local tariffs

• Currency exchange rates, which affect the relative cost of locally purchased items such as bulk materials, 

when converted to a conventional pricing basis such as Euros or U.S. dollars.

These differences are often captured in cost estimating by using a location factor (𝐿𝐹𝐴):

Cost of plant in location A = cost of plant on USGC × 𝐿𝐹𝐴

1.1. Estimate capital expenditures (CAPEX)

9

available in

Sinnott, 2020
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Calculate 𝑰𝑺𝑩𝑳: Single factor methods

▪ 𝐼𝑆𝐵𝐿 fixed capital cost of a plant is given as a function of the total purchased equipment cost by 
the equation:

𝐶 = 𝐹෍𝐶𝑒

𝐶 = total plant 𝐼𝑆𝐵𝐿 capital cost (including engineering costs)

σ𝐶𝑒 = total delivered cost of all the major equipment items: reactors, tanks, columns, heat

exchangers, furnaces, etc

𝐹 = an installation factor, widely known as the Lang factor

• 𝐹 = 3.1 for solids processing plant

• 𝐹 = 4.74 for fluids processing plant

• 𝐹 = 3.63 for mixed fluids-solids processing plant

➢ More detailed factorial estimates are also available in G. Towler, R. Sinnott, Chemical Engineering 

Design, 2021, Elsevier Science

1.1. Estimate capital expenditures (CAPEX)

10
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Determine working capital

▪ Additional money needed, above what it costs to build the plant, to start the plant up and run it until 
it starts earning income (15 % of 𝐹𝐶𝐼 for petrochemical plants), or:

1.1. Estimate capital expenditures (CAPEX)

11

Component Typicaly estimated as:

Raw material inventory Two weeks’ cost of raw materials

Product and by-product inventory Two weeks’ cost of production

Cash on hand One week’s cost of production

Accounts receivable (products shipped but not yet 
paid for)

One month’s cost of production

Credit for accounts payable – feedstocks, 
solvents, catalysts, etc. received but not yet paid 

for

One month’s delivered costs

Spare parts inventory 1% to 2% of 𝐹𝐶𝐼

Working capital = Seven weeks’ cash cost of production minus two weeks’ feedstock costs plus 1-2% of the fixed 

capital investment
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▪ Variable costs of production: Costs that are proportional to the plant output or operation rate

➢ Raw materials consumed by the process

➢ Utilities – fuel burned in process heaters, steam, cooling water, electricity, raw water, instrument air, nitrogen 

and other services brought in from elsewhere on the site

➢ Consumables – solvents, acids, bases, inert materials, corrosion inhibitors, additives, catalysts and adsorbents 

that require continuous or frequent replacement.

➢ Effluent disposal

➢ Packaging and shipping – drums, bags, tankers, freight charges, etc.

1.2. Estimate operating expenditures (OPEX)

12
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▪ Fixed costs of production: Costs incurred regardless of the plant operation rate or output. If the 
plant cuts back its production these costs are not reduced.

1.2. Estimate operating expenditures (OPEX)

13

Component Typicaly estimated as:

Operating labour 60 000 $ per shift position per year on a US Gulf Coast basis 

(Sinnott, 2020)

Supervision 25 % of operating labour

Direct salary overhead (payroll taxes, health insurance, etc) 40 – 60 % of operating labour plus supervision

Maintenace 3 – 5 % of 𝐹𝐶𝐼

Property taxes and insurance 1 – 2 % of 𝐹𝐶𝐼

Rent of land and/or buildings 1 – 2 % 𝐼𝑆𝐵𝐿 plus 𝑂𝑆𝐵𝐿 (if land is bought the cost is added to 

the 𝐹𝐶𝐼)

General plant overhead (Human resources, R&D, etc) 65% of total labour (Operating labour + supervision + direct 

overhead) plus maintenance

Environmental charges 1 % of 𝐼𝑆𝐵𝐿 plus 𝑂𝑆𝐵𝐿

License fees and royalty payments i.e., those not capitalized at the start of the project

Capital charges These include interest payments due on any debt or loans 

used to finance the project, but do not include expected returns 

on invested equity capital – see slide 18

Sales and marketing costs In some cases, these are considered part of general plant 

overhead. They can vary from almost zero for some 

commodities to millions of dollars a year for branded items 

such as foods, toiletries, drugs and cosmetics
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link

▪ Revenues: incomes earned from sales of main products and by-products. Determined based on 
predictions of overall market growth.

▪ Margins: Sum of product and by-product revenues minus raw material costs

Gross margin = Revenues − Rawmaterials costs

▪ Profits: The cash cost of production (CCOP) is the sum of the fixed and variable production costs 
and represents the cost of making product

CCOP = VCOP + FCOP

Were:

VCOP = sum of all the variable costs of production minus by-product revenues

FCOP = sum of all the fixed costs of production

Gross profit:

Gross profit = Main product revenues − CCOP

Net profit (or cash flow after tax) is the amount left after taxes are paid:

Net profit = Gross profit − taxes

➢ Excel template to calculate cost of production from Chemical Engineering Design: link

1.3. Estimate revenues, margins and profits

14

https://booksite.elsevier.com/9780080966595/content/Templates/Cost_of_Production.xls
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▪ Cash flows are based on the best estimates of investment, operating costs, sales volume and sales 
price that can be made for the project

2. Calculate cash flows

15

▪ A–B: Initial investment for plant design.

▪ B–C: Capital for construction, start-up, and working capital.

▪ C–D: Net cash flow is positive, but the cumulative amount remains 

negative until investment repaid, at point D.

▪ D: Break-even point, marking payback time. 

▪ D–E: Positive cumulative cash flow indicates return on investment.

▪ E–F: Cash flow may decline toward end of project due to increased 

costs and falling sales due to obsolescence of the plant. Point F 

represents final cumulative cash flow

Project cash-flow diagram. Source: G. 

Towler, R. Sinnott, Chemical Engineering 

Design, 2021, Elsevier Science 
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2.1. Determine start-up schedule

2. Calculate cash flows

16

Year Costs Revenues Notes

1 30% of fixed capital 0 Engineering + long lead-

time items

2 40 – 60% of fixed capital 0 Procurement and 

construction

3 10 – 30% of 𝐹𝐶𝐼 + working capital + 

FCOP + 30% VCOP

30% of design basis 

revenue

Remaining construction + 

Initial production

4 FCOP + 50-90% VCOP 50 – 90% of design basis 

revenue

Shake-down of plant

5+ FCOP + VCOP 100% of design basis 

revenue

Full production at design 

rates

Example of start-up schedule
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2.2. Taxes and depreciation

▪ Profits generated are subject to taxation dependent on the location where production activities take place

▪ Taxes allowances such as depreciation and/or investment incentives should also be considered when calculating 

the cash flows from a project

𝐶𝐹 = 𝑃 1 − 𝑡𝑟 +𝐷𝑡𝑟
𝐶𝐹 = after tax cash flow

𝑃 = gross profit

𝐷 = sum of tax allowances (including depreciation charges)

𝑡𝑟 = rate of taxation

▪ Depreciation charges can be thought of as an allowance for the “wear and tear, deterioration or obsolescence of 

the property” because of its use

• Straight line depreciation: The depreciable value, 𝐶𝑑, is depreciated over 𝑛 years with annual depreciation charge 𝐷𝑖
in year 𝑖, where:

𝐷𝑖 =
𝐶𝑑
𝑛

The depreciable value, 𝐶𝑚, of an asset equals the initial cost, 𝐶, minus any salvage value after 𝑚 years. In chemical 
plants, the salvage value is often taken as zero at the end of operations, as the plants typically continue to operate 

beyond the depreciable life.

𝐶𝑚 = 𝐶 −
𝑚𝐶𝑑
𝑛

Some countries allow for more advantageous depreciation methods. See Chapter 6.5.3 of Sinnott, 2020 for more 

information

2. Calculate cash flows

17
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3.1. Determine cost of capital: Weighted average of the cost of debt and the cost of 

equity

▪ Debt contracts involve paying interest and repaying the principal (either at the end of the loan 
period or amortized over the period of the loan). Interest payments are a fixed cost.

▪ Equity capital is invested by shareholders, who expect returns through dividends or stock growth. 

Return expectation is expressed as the cost of equity, typically 25-30% in EU and US (Sinnott, 
2020)

𝑖𝑐 = 𝐷𝑅 × 𝑖𝑑 + 1−𝐷𝑅 𝑖𝑒
𝑖𝑐 = cost of capital

𝐷𝑅 = debt ratio

𝑖𝑑 = interest rate due on debt (cost of debt)

𝑖𝑒 = cost of equity

▪ The overall cost of capital sets the interest rate that is used in economic evaluation of projects.

3. Calculate discounted cash flows

18
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3.2. Time value of money:

▪ Method of valuing an investment by discounting all its expected future cash flows back to the 
present using a discount rate.

▪ Allows for the comparison of the present value of these cash flows to the initial investment or other 
investment opportunities.

Present value of Cash flow in year 𝑛 =
𝐶𝐹𝑛
1 + 𝑖 𝑛

𝐶𝐹𝑛 = Cash flow in year 𝑛

𝑖 = discount rate, typically the cost of capital

3. Calculate discounted cash flows

19
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▪ Net present value (𝑵𝑷𝑽): Cumulative discounted cash position at the end of the 

project

• A negative 𝑁𝑃𝑉 means that the project is not financially justified

𝑁𝑃𝑉 = ෍

𝑛=1

𝑛=𝑡
𝐶𝐹𝑛
1 + 𝑖 𝑛

▪ Internal rate of return (𝑰𝑹𝑹): discount rate that would result in a NPV of zero

• Measure of the maximum interest rate that the project could pay and still break even by the 
end of the project life

• If the 𝐼𝑅𝑅 is greater than the organization’s required rate of return, the project is viable.

෍

𝑛=1

𝑛=𝑡
𝐶𝐹𝑛

1 + 𝐼𝑅𝑅 𝑛 = 0

4. Perform economic analysis

20
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▪ Payback time: time it takes for an investor to recover its initial investment through 

generated cash flows

simple payback time =
total investment

average annual cash flow

• The simple payback time neglects taxes and depreciation

▪ Return on investment (ROI): measure of the efficiency of an investment

ROI =
net annual profit

total investment
× 100

• If ROI is calculated as an average over the whole project:

ROI =
cumulative net profit

plant life × initial investment
× 100

4. Perform economic analysis

21
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➢ Excel template to perform the economic analysis from Chemical Engineering Design: link

4. Perform economic analysis

22

https://brand.elsevier.com/api/asset/eyJjbGllbnRJZCI6bnVsbCwiaWQiOjY1NCwidGltZXN0YW1wIjoxNzMyMDA1NDMwLCJ2ZXJzaW9uIjoxNzI3MTg3NDM0fQ:elsevier:06i_-Fexcer8WXqt68hqGAmtmxt6a-UjMrz2GNbPgP0/download


Thank 
you!

Catarina Braz

23



Annex I

24

Chemical Engineers’ 

Handbook, Perry, R.H., 
Green, D.W., and Maloney, 

J.O. (eds.), 7th ed., 1997
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