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PROJECT SCOPE



The purpose of this project is to design a system that
produces Dimethyl Ether (DME) at the required 99.9% purity.

2CH;0H =) (CH;0CH; + H,0




PRODUCT USES




PROCESS
SELECTION




PROCESSES CONSIDERED

ALTERNATIVE

PROCESS

Methanol Dehydration

Indirect Synthesis from biogas
feedstock

Direct Synthesis from Natural
Gas Feed Stock

PROS

Consumes less time and cost of
equipment

Relatively simpler process flow
Catalyst deactivation occurs at
relatively high temperature (400
C).

Marginally higher DME yield.
Water build up in the process is
alleviated.

Energy efficiency is maximized.

Higher Yield of DME.
Low production cost.
Abundantly available feedstock

CONS

Requires more
downstream separation
technologies.

Sourcing of methanol
may present
challenges.

Marginally lower DME
yield.

Sourcing of biogas
feedstocks presents a
challenge.

Process requires more
equipment.

Relatively costly and
time consuming

Highly exothermic.
Low production rate
Higher operating
temperature.



PROCESS SELECTION MATRIX
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PROJECT PLANNING (GANTT CHART)

PRODUCTION OF

PROJECT TITLE: DIMETHYL ETHER
(DME)

Project start 2/18/2022

Display Week 0

TASKS AND SUB-TASKS
HYSYS/ASPEN Simulation of
Process

Include Small Equipment

START DATE

18-Feb-22

7-Feb-22 14-Feb-22 21-Feb-22 28-Feb-22 7-Mar-22 14-Mar-22 21-Mar-22 28-Mar-22 4-Apr-22 11-Apr-22 18-Apr-22
789101112131415161718192021222324252&272:123456789IO1112131415ls1718192021222324255272:2930311234567831011121314151817131920zzz;
ENDDATE DURATON M TW TFSSMTWTFSSMTWTFSSMTWTFSSMTWTFSSMTWTFSSMTWTFSSMTWTFSSMTWTFSSMTWTFSSMTWTFS

25-Feb-22 |1 week

Verify Recycle Stream

18-Feb-22

25-Feb-22 |1 week

Converge
Chemical Engineering Des
Design of Major Equipment

18-Feb-22

28-Feb-22

25-Feb-22 |1 week

28-Mar-22 |4 weeks

Detailed Unit P&ID (Reactor) Taylon & Amiya 28-Feb-22 28-Mar-22 |4 weeks
Listing Equipment and Specification Laura & Cinthia 28-Feb-22 28-Mar-22 |4 weeks
Economic Evaluation
S o s EEwnanlsnp 30-Mar-22 13-Apr-22 |2 weeks
CAPCOST Software Cinthia and Laura
Fixed Capital Costs Taylon 30-Mar-22 13-Apr-22 |2 weeks
Utilites Taylon 30-Mar-22 13-Apr-22 |2 weeks
Fixed Capital Investments Taylon 30-Mar-22 13-Apr-22 |2 weeks
Manufacturing Production costs Peters EAlS tom Tl
and Timmerhaus Amiya
Complete Economic Anylasis/ Cash
% 30-Mar-22 13-Apr-22 |2 weeks
Flow Diagram All

Safety and HAZOP Analysis

Methanol Safety/Hazards Laura 30-Mar-22 13-Apr-22 |2 weeks
Reactor & Catalyst Safety/Hazards Taylon 30-Mar-22 13-Apr-22 |2 weeks
DME Safety/Hazards Amiya 30-Mar-22 13-Apr-22 |2 weeks
Specific Unit Breakdown (Distillation)  |Cinthia 30-Mar-22 13-Apr-22 |2 weeks
Startup/Shutdown HAZOP Amiya 30-Mar-22 13-Apr-22 |2 weeks

Finish Report
Complete Rough Draft

All

S-Apr-22

16-Apr-22 |1 week

Complete Final Draft

All

9-Apr-22

16-Apr-22 |1 week

Visual & Oral Presentation
Complete Presentation

9-Apr-22

16-Apr-22 |1 week

Presentation Practice

9-Apr-22

16-Apr-22 |1 week




MARKET ANALYSIS



MARKET ANALYSIS
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CLIENT IDENTIFICATION

Methanol from S e &
US Gulf I:> :>
« $359/Metric Ton * 50,000 MTPY
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RAW MATERIALS



CHEMICAL CONDITIONS
T T

Molecular Weight

0.071 Ib/mol 0.102 Ib/mol 0.039 Ib/mol
Chemical Formula CH;OH CH,;0CH, H,O
A T 0
|
Chemical Structure H-C-O-H H—C—O—C—H AN
' A H H
H H H
Boiling Point 148.46 ° F -11.2°F 212°F
Melting Point -138.28°F -221.8°F 32°F
Flash Point 49.46°F -41.98°F -
Density 0.029 Ib/in3 0.071 Ib/in3 0.036 Ib/in3
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RAW MATERIALS
2CHs0H > CH;0CHs + H,0

A (Methanol) B (DME) C (Water)
A B C
mol 2 1 1
M°'e°|‘|;'lar;:|veight 0.071Ib/mol 0.102 Ib/mol 0.040 Ib/mol
Ib 0.141 b 0.102 Ib 0.040 Ib
Ib/lb DME 3.06 Ib 2.20 Ib 862 Ib

cents/lb $0.16 $0.41 $0.24




PROCESS DIAGRAMS



BLOCK FLOW DIAGRAM

R-101

» T-101

* T-102




PROCESS FLOW DIAGRAM
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MATERIAL AND
ENERGY BALANCE




Block Flow Diagram Material Balance

<

m;=19400 Ib/hr
Xia =1

T=77°F

P =15 psig

m1,=3130 Ib/hr
X124 = .99

X1z¢ = .01
T=131°F

P =225 psig

R-101

mMe=22400 Ib/hr
Xga = .99

Xgc = .01
T=482°F

P =225 psig

2CH30H

B

mg=22600 |b/hr
Xga =.15

Xgg = .43

Xgc = .42
T=192°F

P =160 psig

T-101

C

» CHs0OCHs + H,0

m,=13900 Ib/hr
Xgp = .01

Xgg = .99
T=-22°F

P =213 psig

m10=8710 Ib/hr
X108 = .25

X108 = .01

Xi0c = .74
T=115°F

P =151 psig

T-102

X11a = .01
X11c = 99
T = 194°F
P =142 psig

mqq =5480 Ib/hr




MATERIAL BALANCE

STREAM CONDITIONS

Stream Pure Pure Mixed Methanol Combined Combined Reactor Methanol+ Dimethyl Methanol + Wastewater Recycled
Describtion Methanol Methanol Stream to to Methanol Feed to R- Effluent to DME + Water Ether Water to T- to Disposal Methanol
P to Pump to Mixer P-102 Vaporizer to Furnace 101 Cooler to T-101 Product 102 P to Mixer

Steam Number 1 2 3 4 5 6 7 8 9 10 11 12

Temperature (F) 77 77 104 104 176 482 689 192 -22 115 194 131

Pressure (psig) 15 106 145 222 225 225 202 160 213 151 142 225

Methanol Mole 1 1 99 99 99 99 15 15 01 25 01 99

Fraction
DME ) 0 0 0 0 0 0 43 43 .99 .01 0 0
Mass Fraction
Water 0 0 01 01 01 01 42 42 0 74 99 01
Mass Fraction
Mzgh;:ol Methanol Methanol Methanol
Methanol Methanol 3374 97 3203 Methanol 97
22268 Methanol Methanol
22268 22268 Methanol 2107
22268
Ma;s/::lrt;w 19352 19352 DME 13907 DME DME
13907 DME 184
Water Water 13776 Water 5382
126 126 Water
126 Water Water 18
126 Water 5307 Water Water 5327

5307




ENERGY BALANCE

Temperature 689°F
R-101 Duty -1.36 x 107 BTU/hr
E-101 Duty 9.67 x 10 BTU/hr
H-101 Duty 5.40 x 10 BTU/hr
E-102 Duty -1.14 x 10’ BTU/hr

Temperature 86°F/114.8°F Temperature 158°F/194°F

E-103 Duty -3.39 x 106 BTU/hr E-105 Duty -1.18 x 107 BTU/hr

£-104 Duty 2.36 x 10°BTU/hr E-106 Duty 1.14 x 107 BTU/hr
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EQUIPMENT
DESIGN




Coolant

Catalyst tube Coolant-side
baffles

Coolant




CATALYST: 1
v-Al203

0.8
Operates at high pressure § 0.7
Commonly used catalyst for g Zj
Methanol Dehydration N
High activity § 0.3
Increase temperature ensures 02°

0.1
Increased conversion

0

= T T T T T T
190 210 230 250 270 290 310 330

Operational temperature (°C)




R-101 Specifications Sheet

Identification
Item Catalytic Packed Bed
Reactor
Item No R-101
Function Dehydration of methanol
to produce DME and
water
Operation Continuous
Catalyst y-Al203
Catalyst Weight 54900 |bs

Materials
Handled

Mass Flow
(1b/hr)

Mole flow
(Ibmol/hr)

Component Flow

Ibmol/hr
Dimethyl Ether
Methanol
Water

Temperature (°F)
Pressure (psig)
Vapor Fraction

In

22400

702

695

482
225
1.0

Out

22600

702

302
105
295

689
202
1.0

Design Data
Diameter (ft) 4.36
Overall height (ft) 14.7
Number of Tubes 34
Maximum Pressure rating (psig) 218
Combined Tube Volume ft* 62.3
Area (ft?) 40.7
Construction of Material Carbon Steel

Utilities (CW) 28600

Duty (Btu/hr) -1.36x107

-Temperature maintained by
cooling water.
Comments - Shell side Methanol
-Tube Side Water
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T-101 Specifications Sheet

Identification
ltem 1%t distillation column
[tem No T-101
No. Required 1

Function Separates DME from
methanol and water

Operation Continuous

Material Of Construction Carbon Steel

Design Data

Number of actual trays 22
Total tower height (ft) 52.5
Column diameter (ft) 2.62
Maximum Pressure rating (psig) 218
Reflux ratio 17

Tray Spacing (ft) 2.00

Liquid Liquid
Materials Feed Distillate Bottoms
Handled Methanol + DME + Water Methanol + DME Methanol + Water
Mass Flow 22600 13900 8710
(1b/hr)
Mole flow 702 302 400
(Ibmol/hr)
Component Flow
Ilbmol/hr
Dimethyl Ether 302 299 400
Methanol 105 3.02 100
Water 295 0.00 296
Temperature (°F) 192 86 115
Pressure (psig) 151 165 162
Vapor Fraction 1 il 0.0
Associated Components
Condenser CW = 185000 |b/hr A =330 ft: Q=3.21x10° = -FixedHead = Max Pressure =
(E-103) Btu/hr - Carbon Steel 145 psig
Reboiler mps = 2770 Ib/hr A=72.2f Q=2.24.10°  -FloatingHead = Max Pressure =
(E-104) Btu/hr -Carbon Steel 160 psig
Reflux Drum L=9.48ft D=3.741t Carbon Steel Max Pressure = 149 psig
(V-101)
Reflux Pump  Power=5.2kW  Efficiency=40% AP = 66.7 psig Centrifugal/Carbon Steel
(P-102 A/B)
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T-102 Specifications Sheet

Identification

Item
Item No

No. Required

Function

Operation

Materials Of Construction

27 distillation column
T-102

1

Separates methanol from
water

Continuous

Carbon Steel

Design Data

Number of actual trays
Total tower height (ft)
Column diameter (ft)
Maximum Pressure rating (psig)
Reflux ratio

Tray Spacing (ft)

15
65.6
3.81
218
4.5
2.62

Liquid Liquid
Materials Feed Distillate Bottoms
Handled
M5 Hlove 8710 3120 5480
(1b/hr)
Mole flow
(Ibmol/hr) 400 98 302
Component
Flow
Ibmol/hr
Dimethyl Ether 3.99 0 .00 0.00
Methanol 100 97 3.02
R 29 0.970 299
Temperature (°F) 114 158 194
Pressure (psig) 162 106 107
Vapor Fraction 0.0 1.0 0.0
Associated Components
Condenser CW = 649000 Ib/hr A =74.45ft Q=1.18x107 - Fixed Head Max Pressure =
(E-105) Btu/hr - Carbon Steel 102 psig
Reboiler mps =100 Ib/hr A=272ft Q=1.14x107 - Floating Head = Max Pressure =
(E-106) Btu/hr -Carbon Steel 160 psig
Reflux Drum L=8.30ft D=12.3ft Carbon Steel Max Pressure = 2160 psig
(V-102)

Reflux Pump  Power=1.0kW  Efficiency=40% AP = 55.5 psig
(P-103 A/B)

Centrifugal/Carbon Steel
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ASPEN
SIMULATION




SIMULATION
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ECONOMICS




Economic Analysis

Economic Evaluation

Total Capital Investment, 10° $10.2
Annual Total Production Costs, 10° S34
Annual Sales, 106 S37
Payback Period, yrs 4.2
Return on Investment, %/year 22
Discounted Cash Flow Rate of Return, %/yr 13
Net Present Value, 10° S8
Salvage Value, 10° S1
Cumulative profit, 10° $23




TCI Cash Flow Diagram

S4.47MM
$3.93MM
$3.90MM A
4 $3.25MM
s $2.59MM
A $2.09MM
1 $1.60MM
$1.12MM
S.65MM
S.19MM
0 1 2 I t 13 14 15
3 4 5 6 7 8 9 0 11 12 | l
S.41MM

$1.09MM 3.74MM
$1.34MM (Salvage
Included)

$7.02MM

'

$10.15MM

*Assume 2% TPC Inflation Rate + Depreciation



Cash Flow

Cumulative Cash Flow
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PROCESS SAFETY HOLDING & HANDLING

HOLDING

Dlmethyl Ether
Keep away from heat
. Equipment must be grounded

. Store in a cool, well-ventilated area

. Keep away compressed oxygen or strong oxidizers
. Stored between 7-14 bar & up to 52°C

Methanol

*  Methanol maximum exposure of 200 ppm (OSHA & EPA)
* Tightly closed container

* Well —ventilated area.

* Equipment must be grounded and bonded.

HANDLING

* Use of ventilators and breathing protection or local exhaust.

* The use of cold-insulating gloves.

* Oversee the use of Personal Protective Equipment (PPE).

37



SAFETY CONSIDERATIONS
S mee comdenten

Clear indications of toxicity and flammability reports on equipment at the plant.
Markings and Labelling Toxicity (Exposure limits) - 1900 mg/m?3, 1000 ppm. ("Dimethyl ether", 2021)
NFPA Flammability no. - 4

T Determination of toxicity ar_@I physical prqperties to determine the proper waste
classification and disposal methods.
Draining the containers thoroughly and venting in a safe place away from fire and
sparks.
Critical temperature — 126.9°C ("Dimethyl ether", 2021)
Auto-ignition temperature - 350°C

Container disposal

Local Legislation Waste disposal in accordance with local, regional and national laws and regulations

38



Safety Guidelines in Accordance with Rules and
Regulations of Plaquemine, Louisiana

Pre-Line Opening Job Preparations

The shutting down and energy isolation of all process systems prior

to any line opening involving process piping, equipment or vessels
(4.1.1).

The draining and/or depressurization of all process piping,

equipment or vessels to ensure clearance of hazardous materials
(4.1.2).

Ensuring temperatures for the process piping, equipment or vessels
have sufficiently cooled to allow for safe work (4.1.3).

Line Opening Job Planning

The barricading of affected areas with a minimum of 10 ft radius as
a precautionary area (4.2.1.1)

The issuance of permits strictly by authorized personnel (4.2.2.1)

39
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HAZARD ANALYSIS T-102 FEED LINE

Pressure
increase in the
feed line

Pressure More

Less Pressure
decreases in
feed line

Backflow from
T-102

Flow Reverse

Increase in feed
temperature

Temperature More

There is pressure build
up in the feed line
leading into the tower

There are sudden
pressure losses in the
streams leading to the
column

The contents of the
tower flow back to the
feed line

There is sudden increase in
temperature at the feed of T-
102

-Blockage in the
system

- Leakages in the
system

- Clogging and
blockages within
the tower

- Clogging of inlet
into tower

- Failure of feed line
tube

- Risk of expansion of
column and bursting

- Insufficient reactant
material entering the
column

- Pressure and
temperature increase
in the column

Subsequent increase in
pressure, risk of explosion
and ineffectiveness of the
tower

Installation of quick-
pressure relief valves at
strategic locations
before and after the
column.

Pressure alarms at the
feed, distillate and
bottom streams

- Check valve to prevent
backflow

- Temperature alarms at feed
entry point.

- Panel alarms to warn of high
pressure or temperature

- Installation of a secondary
pressure relief device.

- Checking maintenance
schedule and procedures

- Installation of pressure gauge
- Checking maintenance
schedule and procedures

- determining the best
utilization of energy from
recycle stream while
preventing backflow

- Following the stipulated
maintenance schedule and
procedures

-Installation of a temp gauge
- Checking maintenance schedule and
procedures



HAZARD ANALYSIS T-102 DISTILLATE LINE

2

Pressure

Flow

Temperature

More

Less

Reverse

More

Pressure
increase in the
distillate line

Pressure
decreases in
feed line

Backflow to T-
102

Increase in
distillate line
temperature

There is pressure
build up in the
distillate line
transporting recycled
methanol to the
mixer

There are sudden
pressure losses in the
stream leading to the
mixer

The contents of the
distillate line flow
back to the tower

There is sudden
increase in
temperature at
distillate line
transporting recycled
methanol

-Blockage in
the mixer or

further up the
distillation line

- Leakages in
the distillate
line

- Clogging and
blockages
within the line

- Clogging of
inlet into the
mixer

- Failure of distillate
line tube

- Risk of expansion
of mixer and
bursting.

- Failure of mixer

- Inefficiencies
within the tower
leading to less
methanol distillate

- Pressure and
temperature
increase in the
column

Subsequent increase
in pressure, risk of
explosion and
ineffectiveness of
the tower

Installation of quick-
pressure relief valves
at strategic locations
before the mixer.

Pressure alarms at the
exit of the column
where the distillate
line begins.

- Check valve to
prevent backflow

- Temperature alarms
at mixer entry point.

- Panel alarms to warn
of high pressure or
temperature

- Installation of a secondary pressure
relief device.

- Checking maintenance schedule and
procedures

- Installation of pressure gauge
- Checking maintenance schedule and
procedures

- determining the best utilization of
energy from recycle stream while
preventing backflow- Following the
stipulated maintenance schedule and
procedures

-Installation of a temp gauge
- Checking maintenance schedule and
procedures
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HAZARD ANALYSIS T-102 BOTTOM LINE

Pressure

Flow

Temperatu
re

More

Less

Reverse

More

Pressure
increase in
the bottom
line

Pressure
decreases
in bottom
line

Backflow
to T-102

Increase in
bottom
line
temperatu
re

There is pressure build
up in the bottom-line
transporting
wastewater to
treatment plant

There are sudden
pressure losses in the
stream within the
bottom line leading
away from the tower

The contents of the
bottom-line flow back
to the tower

There is sudden
increase in
temperature at
bottom line
transporting
wastewater to the
treatment plant

-Blockages
within
bottom
line

- Leakages
in the
bottom
line

- Clogging
and
blockages
within the
line

- Clogging
of the line
at various
points

- Failure of bottom-
line tube

- Risk of expansion

and bursting of the
line.

- Inefficiencies within
the tower causing
deceased flow of
wastewater from the
tower

- Pressure and
temperature increase
in the column

Subsequent increase
in pressure, risk of
explosion and
ineffectiveness of the
tower

Installation of quick-
pressure relief valves at
strategic locations within
the line.

Pressure alarms at the exit
point from the tower
joining the bottom line

- Check valve to prevent
backflow

- Temperature alarms at
exit point of the tower to
the bottom line.

- Panel alarms to warn of
high pressure or
temperature

- Installation of a secondary pressure
relief device.

- Checking maintenance schedule and
procedures

- Installation of pressure gauge
- Checking maintenance schedule and
procedures

- determining the best utilization of
energy from recycle stream while
preventing backflow

- Following the stipulated
maintenance schedule and
procedures

-Installation of a temp gauge
- Checking maintenance schedule and
procedures



P&ID

115 /M
151

P-104 A/B

(Fan) (Fa0) (Pant) (Pa0) () (T2) WASTE WATER TO
E-106 | l iy l [ i | ] DISPOSAL FACILITY
() {7} ()

Temperature, °F 13
Pressure, psig




WASTEWATER
TREATMENT

* Reduce Pollutants in Water
* Negative health effects on
life species
» Useful for all aspects of life
* Irrigation or Recreational Use
* Send Wastewater to SNF
Holding Company
* Plaquemine Facility
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Dr. Emmanuel Dada
Dr. Lealon Martin

Industrial Advisory Counsel
Roy G. Perry College of Engineering Faculty & Staff




Thank you!



QUESTIONS?



APPENDIX



REFERENCES

Bakhtyari, A., & Rahimpour, M. (2018). Methanol: Science and engineering. Elsevier.
Fortin, C., Gianfolcaro, N., Gonzalez, R., Lohest, J., Lonneux, A., Mordant, P, ... & Schmitz, C.(2020). Dimethyl ether, A review of production processes and a modeling of the indirect route.

“Dimethylether China Domestic Price.” Provide Better Products and Services - Echemi.com, 10 Nov. 1970, www.echemi.com/pcp/dimethylether-pid Seven1867.html

Dimethyl ether. Pubchem.ncbi.nlm.nih.gov. (2021). Retrieved 19 November 2021, from https://pubchem.ncbi.nlm.nih.gov/compound/Dimethyl-ether.

Giuliano, A., Catizzone, E., & Freda, C. (2021). Process Simulation and Environmental Aspects of Dimethyl Ether Production from Digestate-Derived Syngas. International Journal of Environmental
Research and Public Health, 18(2), 807.

“Methanol Price: Methanol Institute: www.methanol.org.” METHANOL INSTITUTE, 8 Nov. 2021, www.methanol.org/methanol-price-supply-demand/

NFPA. (2021).NFPA 704: Standard System for the Identification of the Hazards of Materials for Emergency Response. Nfpa.org. Retrieved 22 September 2021, from

https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=704

Turton, R., Bailie, R. C., Whiting, W. B., & Shaeiwitz, J. A. (2008). Analysis, synthesis and design of chemical processes. Pearson Education.
Safety Data Sheet -DME. Mesagas.com. (2018). Retrieved 22 September 2021, from https://mesagas.com/content/pdfs/Dimethyl%20Ether%20SDS.pdf.

Hankin, A., & Shah, N. (2017). Process exploration and assessment for the production of methanol and dimethyl ether from carbon dioxide and water. Sustainable Energy & Fuels, 1(7), 1541-1556.

Dimethylether Price Market Analysis - Echemi

Ayres, B. (2016). HEALTH AND SAFETY PROGRAM 304 — COMPRESSED AIR AND GASES, WESTLAKE CHEMICAL [Ebook]. Westlake Chemicals. Retrieved 5 April 2022, from
https://www.westlake.com/safety guidelines/PLQ_Safety Guidelines/Safety/HSP%20304.pdf.

EPA. (2000). Methanol | Hazard Summary. Epa.gov. Retrieved 20 April 2022, from https://www.epa.gov/sites/default/files/2016-09/documents/methanol.pdf.

OSHA. (2021). OSHA Occupational Safety Database | Methyl Alcohol (Methanol). osha.gov. Retrieved 20 April 2022, from https://www.osha.gov/chemicaldata/474.

EPA. (2022). System ofRegistries/ US EPA. Sor.epa.gov. Retrieved 20 April 2022, from
https://sor.epa.gov/sor_internet/registry/substreg/searchandretrieve/advancedsearch/externalSearch.do?p type=CASNO&p value=115-10-6#.

50


http://www.echemi.com/pcp/dimethylether-pid_Seven1867.html
https://pubchem.ncbi.nlm.nih.gov/compound/Dimethyl-ether
http://www.methanol.org/methanol-price-supply-demand/
https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-standards/detail?code=704
https://mesagas.com/content/pdfs/Dimethyl%20Ether%20SDS.pdf
https://www.echemi.com/productsInformation/pid_Seven1867-dimethylether.html
https://www.westlake.com/safety_guidelines/PLQ_Safety_Guidelines/Safety/HSP%20304.pdf
https://www.epa.gov/sites/default/files/2016-09/documents/methanol.pdf
https://www.osha.gov/chemicaldata/474
https://sor.epa.gov/sor_internet/registry/substreg/searchandretrieve/advancedsearch/externalSearch.do?p_type=CASNO&p_value=115-10-6

STOICHIOMETRY

A B C
2CH;:0OH =) CH;OCHs + H,0

lb-mol 2 1 1

Molecular Weight
Ib/lbmol

32.04 46.07 18




P-101 A/B M-101 P-102 A/B

E-101 H-101 R-101 E-102 T-101 E-103 E-104  V-101 P-103A/B  T-102 E-105 E-106 T- V-102  P-104 A/B
Feed Fresh&  Combined Methanol Fired  Methanol DME DME T-101  T-101  T-101  T-101 Methanol T-102 102 Methanol  T-102
Pump Recycled Feed Vaporizer Heater Catalytic Cooler Distillation Condenser Reboiler ~Reflux  Reflux Distillation Condenser Reboiler Reflux Reflux
Methanol Pump Packed Bed Tower Drum Pump Tower Drum Pump
Mixer Reactor
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Pump Material Balance

> p-101 >

m;=274 kmol/hr/604.0666 m,=318.4 kmol/hr/ 701.3786
X1 =1 Xon =.99

T=25°C/77 Xc = .01

P= T =250°C/482

1 barg/14.503773800722 P=

15.5 barg/224.808493911191
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Vaporizer Material Balance

—————> £-101 >

m; = 318.4 kmol/hr 144.42 Ib/hr
m,=318.4 kmol/hr/ 701.378

X3p = .15
6 X3g = 43
Xon = .99 X3c = 42
Xpc = .01 T3 =365°C 689°F

T =250°C/482

P

=15.5 barg/224.808493911
1

P;=10.4 Bar 150.839psig



Furnance Material Balance

H-101 >

ms = 318.4 kmol/hr 144.42 Ib/hr

——————>

m;=137 kmol/hr

Xap = .01 X3p =.15
x4B = .99 X3g =.43
T=30°C X3c = .42
P=11.4barg T3 =365°C 689°F

P;=10.4 Bar 150.839psig
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Dehydration Reactor Material Balance

Q=1.36 X 10 Btu/hr

SN
——————> R-101 >

m, = 318.4 kmol/hr m; = 318.4 kmol/hr 144.42 |b/hr
144.421b/hr X3a =.15

Xon = .99 X3g = 43

X,c = .01 X3¢ = .42

T, =250°C 482°F T;=365°C 689°F

P, = 15.5 Bar 224.808 psig

P, =10.4 Bar 150.839psig
U CW =12951.38 kg/hr

56



1st Distillation Column Material Balance

—————> T-101 >

m5=318.4 kmol/hr m;=137 kmol/hr
X3a =.15 Xqa = .01

X3g = .43 Xag = .99

X3c = .42 T=30°C
T=89°C P=11.4 barg

P=10.4 barg



2nd Distillation Column Material Balance

————> 1102 >

ms=181.4 kmol/hr mg =137 kmol/hr
Xsp = .25 Xgpn =.01

Xsg = .01 Xgc = .99

Xec = .74 T =85°C
T=46°C P=7.4 barg

P=11.2 barg
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ENERGY BALANCE

AHRXN 280 - '5.9 X 106 k.l/kmOI

T, = 523K

Cpys = 936.81 kJ/kmol*K

m, = 318.43 kmol/hr

E-101 Duty = 1.44 x 107 kl/hr
E-102 Duty = 2.03 x 108 ki/hr

\ 4

R-101

v

T3 =362K
Cp25 = 31875.61 kJ/km0|*K

m; = 318.43 kmol/hr
E-103 Duty = 1.2 x 107 kl/hr
ra = 595.58 kmol/hr



ENERGY BALANCE

AHRXN 138 - '5.9 X 106 k.l/kmOI

T, = 523K

Cpys = 936.81 kJ/kmol*K

m, = 318.43 kmol/hr

E-101 Duty = 1.44 x 107 kl/hr
E-102 Duty = 2.03 x 108 ki/hr

\ 4

T-101

v

T3 =362K
Cp25 = 31875.61 kJ/km0|*K

m; = 318.43 kmol/hr
E-103 Duty = 1.2 x 107 kl/hr
ra = 595.58 kmol/hr



ENERGY BALANCE
IR

Molar
Enthalpy
(kJ/kmol)

238-400 -238305 -201079 -200560 -164896 -198934 -234554 -179812 -239321 -280413 -233583

Mass
Enthalpy -7440.2 -7437.2 -6275.5 -6263.1 -3579.3 -6212.3 -7324.6 -3915.0 -12513.8 -15445 -7321.9

(kJ/kg)

Molar
Entropy -240.2 -239.9 -150.1 -148.6 -211.9 -120.2 -206.5 -244.2 -162.9 -148.7 -213.1
(kJ/kmol*K)

Mass
Entropy -7.5 -7.5 -4.7 -4.6 -4.6 -3.8 -6.4 -5.3 -7.6 -8.2 -6.7
(kJ/kg*K)
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(O Mole Rdlance - Fho M5 =-v'a- ;;Jf:—;w
@ fde Law. ~ch - 4% = B

R-101 Design > Sterchiomelry » Cn = HE2 BT For (py 1)
Equations %&%&f’i 07

i (49179
© Comyne - glx _kCA (P H = k m&

Fﬂ‘o 4 / rex)
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R-101 Design

Equations

Q= UANT |mfr
Q"MCFAT

/f‘o z 3W5°C

blN = 30°C
At < 46°C

M = 2]9.43 Kwel /,,
M= 319430 mol /iy

Twbes: pr=TDL , n="/Ac

D= 1.060W = 0.02LUTm
L= 4-77ft=4 11 m

Br= (344) (0- 0z Tm)(4479m )

Ar=0.376 m*

n= Sl 4.qpzm*
At pzIsM=

N=13-2 =4 Twhes

P

= 1o T/mol K W= 24923 Kcar
A= 3us- 260 = 6+ 273

= 398 K |790-2)4 Woe
Q=mCp T

2 31%30 (v ) (29909
Q= |.433%10"° T/ny
B4 L

=500 5™/nr-f>F ATl -
ATlm = 204-1°C ~* 508.4v°F
fr=10 o 135 87219- 3 Wi (
Q= 1423 %10 V/nr s31uF) (1
Q:126902219.3 BWur (uﬂ.u;’l H’)(S 3-1 ) )

Q= UANTImfr
I A
A UATImfr
- 135922|4.
() (o)1
A= 93 425>
A= 4.103 n?

W= 28U (o f P
= zoo-E%f ( ':21‘5';)
A-13592209.3 i

(200 ﬁ;r)(cmu-r) (10
A= |33.50 =

A= |2.409 m*
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T-101 Design

Equations

Waler: 100"
Nwa = In » (Xng)o (‘@)’bm?\:q Ch,s.barch)

In @i

:lnf_('%) '136”] 2855 4

() T

Kwn : GL;O'O (1 Sa\mauol \)q‘;oy (Pe,yrjr )‘5'3&)
I-q = 32er
Lik-& = Dk Xic,r
¢ dlk = wltﬂk/f' = x“((' /\"”‘/f) =4, /I3

<5 n
EM'V“J'#—;#-O—"

.19
= T3 - = 1.3

’Z/K"“V‘ =L2-1.3 (P9236 n Sl/\wffufollﬂjq/owk)
e 'thfmm)(/.S) = .0

Number ofF W\.u)we,hcql d—rajs ( P9 2306 shorl cu(’Look)

— I.q ")3 -
K o L - (G nuse chavfon et

.5, Nifsm o
C L4500 +.49 =N -Nmin
Nmm%%- %N

N Nenied o ‘“5 =%.01x9

N/vaun sl3-2.95= 'S/T ;2.25 64



T-102 Design

Equations

I p=4q.4 4

T= 13%°C %p =0.-99
P="7.4bar ]
Fe 181450 € ?
1z
Ye=0-26
|__' B=I27 ol
| ¥e=0.0l
Rechfyi V- line
on = =R yur Ko 9= ______E_. 2 210Y4.24 ~ 206342
(24 B+l -t 27uY.24 - 1o -995
1472 4 4 D11 4=0-0¢
Nl = A1z 41 W42l ln‘rupolnn

= D-@1T¥n + D.18) .
‘L_“ lanmlr%:o ernding line / Qw 103.2u) =709.30!

726 e ¥z = 190 w&—

| -

B.idi e =D.25 = 103.20(+( T¥0 126)( 103201 )
=T ik n - 151-12€
V= 74bar e = 100995 kg
o-l X - _,_, ) 4, v/ 1227034 y,:zm,g
'l vz 126 KPe. ¥z 2760 Kpa

10 ()HO ogl oog |

L W‘n‘m}”"‘"ﬂ Hre = 204312 Bl
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T-102 Design

Equations

xy diagram for methanol-water at 760 mm Hg

1.2

Mole fraction of methanol in vapor (y)

g
$&  02% o4 0.6 08 X 1.2

Mole fraction of methanol in liquid (x)

SOL: #=-0.06 X+ D. ¥l =10
Rom\?.«fﬁ:nx:f:-m 1 /’-%2

X'z 0.1
U'v, 0-3
Peflux Batio
Minimum Kefiux Retio ¢
AM |-%= /mn
o Y% pirt 5 099-03 | 0.175 R=4.412
Bm¥l Yo 0-11-0.1 —_—

B - 0116 5 Fm = D1TSRm #0316 2 0226 Fw » D115 3 Fm= 3.44
Em ______—————ﬁ
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EPA & OSHA Regulations

OSHA (Methanol)
The sampling group
The sampling time at 60
min.
The sampling volume at
3 L or 5L when humidity
is greater than 50%

EPA (Methanol)
Occupational exposure
through inhalation.

Exposure through the ambient
air from its evaporation during
solvent uses.

Acuate effects by inhalation
and/or ingestion resulting in
blurry vision and
disorientation.

Chronic effects including
insomnia, elevated levels of
liver enzymes and decreased
brain weight.

EPA (DME)
Tolerance exemptions
that are associated with
Dimethyl Ether (DME)

Regulations of the

emission standards
associated with DME
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Total Capital Investment

Direct Costs
Purchased equipment, E'
Delivery, fraction of E'
Subtotal: delivered equipment
Purchased equipment installation
Instrumentation& Controls(installed)
Piping (installed)
Electrical systems (installed)
Buildings (including services)
Yard improvements
Service facilities (installed)
Total direct costs

Indirect Costs
Engineering and supervision
Construction expenses 0.675
Legal expenses 0.066
Contractor's fee 0.362
Contingency 0.724
Total indirect costs

Fixed capital investment (FCI) -

Working capital (WC) -

Total capital investment (TCI) -




Utilities
_ _ cCoolngWaer

Amount Required, ft3/yr 9.92 x 108
$1.16MM $.355MM $.392|VIIVI
TOTAL $1.91MM/yr TOTAL $14,000/yr
Amount Required, 1.06 x 10° Amount Required, ft3/yr 7.03 x 105
kWh/yr

Amount Required, BTU/yr 4.10 x 108

TOTAL $5,000/yr
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Materials & Labor

Name of Price, S/Ib Annual Amount Number of Shifts Per Day Operator Rate,
Material MM kg/year Operators per Shift S/hr
Methanol .16 ~71 3 3 34
TOTAL $25.28MM/yr TOTAL ~S1MM/yr
Name of Price, S/Ib Annual Amount
Material MM kg/year
DME 41 50

TOTAL S45MM/yr
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EMISSIONS

* The use of DME reduces carbon emissions by an average of 25%.

 DME synthesis from methanol is a low carbon footprint process.

* The total final emissions are negative at an estimate of -39 ktCO2eq per year

Methanol KgCO.,../t -1643

Wastewater KgCO,.,/t 500
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ASPEN STREAM TABLES

Mole Flows 274 44.4 318.4 177.13 141.27 34.72 142.01
kmol/hr
MassFlows — g77955  1416.44 10196 3687.81  6508.18  1117.85  2569.96

kg/hr



