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=prL.. (General instructions

= All files are on Moodle.
» Project session: 13:30-17:30.

= Mattmark room.

AMPL code
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=PrL

B Introduction

Project

» The course is divided in 4 main tasks:

Day 1. Non-Linear Programming (NLP) problem on cider bottling production
line; integration with heat recovery options.

Day 2. Linear Programming (LP) problem on combined heat and water
integration.

Day 3. Life Cycle Assessment (LCA) of energy systems (PET and glass
bottles).

Day 4. System integration including renewable energy technologies and
multi-objective optimization approach based on Mixed-Integer Linear

Programming (MILP).

= Each task corresponds to 1 workday of the material covered in the lectures.
= Report delivery 31st May, 2024 (23:59 CET).
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=prL  Project

= NLP — Non-linear problem formulation.

o
o = Calculate current bill.
Sﬁ:‘r‘:gre »3'5 e ,m T_Target = 50°C Mpow = ? Mpow = ?
s l 1 ‘ = Suggest heat exchanger
e remre T=40°C — e T_cooling_target = 10°C integration .
— > _ = Relv(i: igferllion I
é - 0 < _7 L = Make sure target
M7 [ T o temperatures are reached.
g i = Do we really need 2 spray
R Senetam — B - — coolers?
= Follow Q1-Q7.

——> etyeing.

Existing bottling process

B Introduction

IS
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=prL  Project

= NLP — Non-linear problem formulation

Swiss apples Cider

Cider

T_cooling_target = 10°C

16 kg/s 8Lis Torse -
v Cider e T_Target = 90°C Miow = ? Moo =2
east production
R —
Steam (p = 2bar)
from NG boiler "
Biowaste Qpoiler = ? Tae70%C T=40°C
8kgls >=70° N ~ T=25C
9 co,
Q=2 \ LN
T=55C CHy
Bi > T=40°C Spray cooljng STEP 1 Spray cooljng STEP 2
Miiow = ?
Case A: Qgpp = ? Peloc =7
Digestate &&} Cleaning in ‘
1 place (CIP) I -
y T=45°C T=30°C
Polec=? <
—> DP = 250 bar Case B: Quasieper = 7

Q=7 oo
T=380°Cl lT_127 ¢

=7 | PET bottles |
T=437°C ‘ recycling ‘

T=127°C T=30°C ‘

T co,

CH,

B Introduction

Salt T=400°C Fixed bed
Separator catalytic reactor
P (@=0)
Q=7
T=25°C
Q=7

e

Bottling process with biodigester

v
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Complete mass and
energy values.

Calculate the new
optimized case.

Suggest heat exchanger
integration.

Pay-back time of
investment.

Follow Q8-Q11.
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B Introduction

A Mathematical Programming Language (AMPL) code

= Only a .mod file: Example of Day 1: juicel7.mod.

Parameters Variables Constraints

param cp_juice

param cp_water

param cp_empty_bottles
param cp_bottles

1 = 8; var exl i
var ex2 3 50;

param m

ar:
param m_empty_bottles = 0.37;
param bps 1= ml1/0.5;

param m_bottles := bps+m_empty_bottles + mil;

subject to examplel:
param T1 =1 exl - NGprice+tex2 + 3
param Ttarget = 90;
param Tempty_bottles
param Twater
param Trefrigeration
param DTmin
param Tsteam

Objective and solve instruction Printing options

minimize Obj: ex1;

solve;

(<]
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Introduction

A Mathematical Programming Language (AMPL) code

= Different files: Example of Day 2.
= A .mod file

paran juice_mass;

Calculated
Parameters

paran bottle mass_flow :- juice mass/bottle_cap bott
) b

bottle mass_flow - bottle_cp - ottle_cold_tin - bottle cold_tout);
bottle mass_flow « bottlecp bottle_hot_tin - bottle ot _tout);

SOURCES defautt {};
default 0)
TS :- SOURCES union SINKS;
S5 ;- SOURCES inter STNKS;

CONTAMINANT default {};
e Sets and
e s arameters
-
st elonging to

100;

Variables

Constraints

subject to examplel:
ex1 - Noprice-ex2 - 3;

= A .dat file

set SOURCES := u_final u_middle u_initial u_fresh u_steam;
set SINKS u_final u_middle u_initial u_waste;

set CONTAMINANT :- dirt;

param units_cont_max_in :

u_middle  dirt
u_initial dirt
u_waste dirt

param units_cont_max_out :

param units_mass_load :

param t_u
u_fresh_water

param juice_mass
param bottle_weight
param bottle_cap
param bottle_cp
param bottle_cold_tin
param bottle_cold_tout
param bottle_cold_dt
param bottle_hot_tin
param bottle_hot_tout
param bottle_hot_dt
paran eff_he_bottle_in
eff_he_bottle_out
price_water
price_steam
op_time
water_dt

= A .run file

cip_model.mod;

cip_data. in;

solver 'minos’

display_1lcol 10000
display_eps 0.0001;
presolve_eps le-4;
omit_zero_rows 1;
omit_zero_cols

~N
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Load model and data

Define solver and
solver options

Printing commands
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Introduction

Tools

Visual Studio Code

SESSION DETAILS

Share (Read/Write)

Share (Read-Only)

Join

00.00-gmd_tutorial.qmd -> Report template

L 2 Untitled (Workspace)

EXPLORER dex.qmd 00.00-gmd. tutori:

UNTITLED (WORKSPACE)
ME-602 # Tool
_book ## Overview
From is a step-by-step tutorial for you t

Day_1_NLP_problem introduction how you can use Gitlab with VS code.

Day_2_LP_problem
Day_3_LCA
Day_4_Urban_Integration

## Step 1 - Log into your Virtual Machine

To avoid setup issues, we created a virtual machine [*1] (

E I :
e To access the VM, follow the instructions related to your operat

Figures
_quarto.yml Window
gitignore

00.00-gmd_tutorial.qgmd

01.00-Day_1_NLP. -/Quarto_Local/ME-602/00.00-qmd_tutorial.qmd
02.00-Day_2_LP_problem.gmd You
03.00-Day_3_LCA.qmd

04.00-Day_4_Urban_Integration.qmd

05-Conclusions.qmd

index.qmd
README.md
= references.bib

style.css

Report template on Moodle
and Gitlab.

Collaborative work.

Track changes easily.

IDE with AMPL interface
(install the extension).

Collaborative code editing
possible.

=<}
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=prL  Students distribution

= 2 groups
 Jair Campfens * Goel Abhishek
e Soline Corre e Vibhu Baibhav
e Sanjay e Manuel Cintas
Venkatachalam e Sai Ravi

 Arthur Waeber

o
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