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Introduction

Industry needs improvements related to:

-The use of sustainable technologies/processes
| Capital/Operation cost

-The efficient use of raw materials
| Waster generation

-The environmental and life cycle issues
| Energy consumption

Multi-level Framework

Economic, Sustainability, LCA
Tools: ECON, SustainPro, LCSoft

Problem
Definition

Scales: Unit-Ops+Tasks

Base Case
Design

Identify process hot-spots &
Analysis set tagets

Option: operate Identification of Process Option:
at task or tasks & PBBs Analysis generates multiple ways to
perform and merge tasks

ph
level
Generation of flowsheet PBBs— SPBs— Basic Structure— Operations—
Scales: Tasks+Phenomena St E=
Intensified flowsheet Sustainability
alternative(s) Analysis

Compare alternatives relative to
the base case

1st: Unit-Ops+Task scale

Problem Definition: Find intensified process design
options for the production of DMC by minimizing the
objective function:
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Base Case Design: Consists of 5 unit operations: 1 reactor
and 4 distillation columns.

MeOH-recycle

PCa+MeOH —3

CP-High energy
consumption

PC-recycle

Sustainability Analysis: Consists of 5 unit operations: 1
reactor and 4 distillation columns.

Process hot-spots &
targets

Utility cost
N\ I Targets (e.9.):

Reduce energy demand

2. Reduce number of Unit-

Ops
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, Sustainability, LCA: 3. Explore the possibilily
for using "hybrid” Unit-Ops
1 Utility cost 1 Energy

4. Improve Sustainability &

Demand | |
LCA factors

2.1 Energy Demand 1 EWC 1 I 111 .
inCP

PHP DO DEP DA G A NG

R RIS S S

3. 1 Energy Demand 1 CO2 cﬁ‘c;i‘\c%&‘r"cﬁ}f&ga? «’0 Lyﬁ?ﬁz’ of
footprint

aCAPEC-PROCESS, Technical University of Denmark, DK-2800, Kgs. Lyngby Denmark
PFEVT, Technical University of Dortmund (TU Dortmund), D-44227 Emil-Figge-Str. 70 Dortmund

<
Deenesh K. Babi?, Johannes Holtbruegge®, Philip Lutze?, Andrzej Gérak®, John >
M. Woodley?, Rafiqul Gani2

-tU technische universitat
dortmund

Concepts

Comparison to CAMD
Decomposition to lower scales: multi-scale approach

Decomposition lo lower scales

Moilecules ———» Groups =~ —— Atoms

Problem
Blaflpktior | Unit-Ops J [ Tasks LPhenomena

Feasible molecules +—— Generale molecules +———  Generale groups «——

Selsct atoms
Feasible
Tasis ta UnaOps & Combing 5Pa: Gomb
flowsheet sk 1o Urtps ) Phancnans (598s)
alternatives

Use of combination rules '+ screening
Towards higher scalss-larger ssl of feasible candidates

Towards higher scales-larger sel of feasible

214 : Tasks+Phenomena Scale

Process Analysis (e.q.):

Thermodynamic insights
Excerpt of properties [ Tb SolPar]
used for the generation |MeOH/PC 152 22/ 113

of the binary ratio matrix [MEOHOMC 11.08

Identification of PBBs MeOHPG | 1.36
PC/DMC 1.42

PCIPG 1.12
R-Task PCa+MeOH MR.C Tb -normal boiling point

RG -radius of gyration
S-Task-1 PG «+PCayy M.2phMH.C.PCPTPS by VL SolPar-Solubility parameter
S-Task-2 MeOH (+PGyc  M.2phMH.CPCPTPS by VL

VM-molar volume
Hints separation based
S-Task-3 MeOH,(+DMCy  M2PhMH.C.PCPTPS by VL
LK-Light key

on molecular size
HiC-Heavy key

possible

M{L}=R(L) | M(L)=2phM=PC(VL)-PT(PVL}-PS(VL) | |MNL}:Z@nM:R:Pq\ILJ:PT(VL]:PS(VL]

M(V=2phM=PT(VV)=PS(VV)

MIVLFC=2phM=PC(VLY=PT(VL)=PS(VL)

ML)-ZpAMPOVLIPTIFVLIPSIVLY

S ‘
Structures MR ; v

MIVLRZhM

M(VL)=2phM=PC(VL)=PT(VL)=PS(VL)

M(VL)-H=2phM=PC(VL)-PT(VL)-PS(VL)

Note: The objective is to convert input '
(PCa + MeCH) to output{ DMC + PG). [ T —— Note: This basic
One basic structure (unless combined) structure fulfills
willnot achieve this MLIH two S-tasks

Note: This task R
can be performed
fulfilled using 2 basic

L e
Mo Slructures

Flowsheet
alternative
between PG/PCa is feasible

Change of state of raw materials,a  Azeotrope DMC/MeOH, removal of

reaction task is identified MeOH is beneficial Separation between DMC/PG is feasible

DMC/MeOH azeo.
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3'd: Comparison

Operarianal CestKg Prouct
o

= Recall Targets
= Reduos energy demand-Y=s
— = Reducs number of Unit-Ops-Yes
- B Cown= 5 A 24 BNG =, RO=3
= Explore tha possibilty for using “hybrid” Unit.Ops-Yes

= Improve Sustainabdity & LGA factors-Yes

™ TARGETS HAVE BEEN MET

Erery usuageik Procuct
Conclusions

s fer pertorming process
bean develaped
F y fou
Carbon Footprint (€02 Eq 1o 1he base case desian
B The cancept of phenomena based Pl is promising becausa thas bean
Shown that easitie inlensified lowsheel allsrmatives are eneraled at this
Tower scale
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