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Introduction

S

Mid-West Textile LLC is one of the 
largest textile recyclers in the U.S. 

Used clothing markets outside the 
U.S. handle around 30 million lbs. 
annually, with Mid-West Textile 
contributing to exports reaching 
countries in Africa, the Caribbean, 
Central America, Eastern Europe, 
Pakistan, India, SE Asia, and South 
America.

In El Paso, TX, Mid-West Textile 
operates three main distribution 
centers:

• Cotton
• Paisano
• San Antonio



Background

Mid-West Textile LLC specializes 
in sorting, recycling, and 
repurposing textiles across 
multiple departments.

Used items are often delivered to 
donation centers trough a plastic 
bag with a variety of items, not 
only clothing in where 
companies like Mid-West Textiles 
LLC find the opportunity to sort 
donations and distribute it to 
wholesalers.

Mid-West  F inal  Products

Bag / Bolsa Boxes / Cajas

Small Bale / 
Paca

Big Bale / Paca 
Grande



Layout

!"#$%

!

FG"#%(

FG"#%)

$#*F#+H%
-*.!!"I0%
1.+H"IF

1.I.0F1FI#2.++34I#"I02H*2$.5F$%366"+F$

$#3*.0F%
53+.#"3I$

$H"!!"I0%
366"+F%

357%73+8$%

$#3*.0F%
53+.#"3I$%

$#3*.0F%
53+.#"3I$%

$#3*.0F%
53+.#"3I$

F9:;%K

K ) (

1FI=$%*F$#*331

$#3*.0F%53+.#"3I$%

$#.0"I0%.*F.

$#3*.0F%
53+.#"3I$

$#3*.0F%
53+.#"3I$

$.5F$%2%
1.*8F#"I0%

7F!#L%

$#.0"I0%.*F.

-.#F*%?%"+F

$#3*.0F

6@%FABCM;NF%$;M;:NGH

6*$#%@*F.8%*FIF*$F%+3IIFJ3*

$A:OBH

I"I#.0F
HNLHBMNAO

$A:OBH

73+8$%

6@%FABCM;NF%$;M;:NGH 1"$+

FG"#%N

+
3
I
$
4
1
.
@
5
F
$

54I+H%*331

$4!F*I"$3*$%366"+F$2%
$.6F#J

-31FI=$%
*F$#*331

"#

$#3*.0F%
53+.#"3I$

$#3*.0F%53+.#"3I$

#MB%IMLA;

#MB%IMLA;%$;NFB+MFOBG;FP

$#3*.0F%
53+.#"3I$

+
3
I
$
4
1
.
@
5
F
$

$#3*.0F%
53+.#"3I$

I:G;MQB%1:HR%2%
#BH;

$MNBH

1."I#%$H3!

$MNBH

H3!!F*%$+.5F

H34$FH357

@ .#*.$H%7"$!3$.5%

6"*$#%@*F.8

.71"I

-.*FH34$F

1"$+%

H34$FH3572$H3F$

N

6"*$#%@*F.8% 1"$+%

FG"#%S

$4!F*I"$3*$%366"+F$

$M
CB
FH
%+
NG

CB
PN
F

$;MQ:GQ%.FBM

$M
CB
FH
%+
NG

CB
PN
F

$#3*.0F%53+.#"3I$%

$#3*.0F%53+.#"3I$%

$#3*.0F%53+.#"3I$%

$#3*.0F%%
53+.#"3I$

I"I#.0F

1FTT.I"IF

$#3*.0F%53+.#"3I$

1BUUMG:GB%%%%%%%%%%%%%%%%%%%%%

F9:;%V

+5F.I"I0%
*331

.++34I#"I0%2%6*3I#%366"+F

*F$#*331

530"$#"+$%
3666"+F%530"$#"+$%

366"+F$

HNLHBMNAO

"#$%&' (

"#$%&' )

"#$%&'!#

"#$%&' "

.5#F*I.#"IF
F1F*0FI+J%

1."I%F1F*0FI+J%
FG"#

San Antonio Distribution Center counts with 113,600 𝑓𝑡!. It is divided by 
warehouse, first break, admin, household/shoes and Vintage areas.



Project  Scope

San Antonio Distribution Center counts with x ft^2. It is divided by 
warehouse, first break, admin, household/shoes and Vintage areas.



The Problem (Top View)
M a t e r i a l  h a n d l i n g



U n l o a d i n g S o r t i n g

The Problem (Floor View)



Problem Statement
The current unloading process for textile donation trailers shows imbalanced 
material flow and inefficient.

U n b a l a n c e d  l o a d i n g  o f  m a t e r i a l  h a n d l i n g  s y s t e m  

• T h e  d i v e r t e r  a r m  p r i o r i t i z e s  t h e  s h o r t  s l i d e  ( 1 : 3  r a t i o ) ,  c a u s i n g  
u n e v e n  w o r k l o a d s  b e t w e e n  w o r k s t a t i o n s .

• T h e  c o n v e y o r  ( l o n g  s i d e )  r e m a i n s  u n d e r u t i l i z e d  ( ~ 6 6 %  u s e )  w h i l e  
t h e  s l i d e  s t a t i o n  b e c o m e s  o v e r l o a d e d .

• Tr a i l e r  u n l o a d i n g  a v e r a g e s  5 – 8  h o u r s ,  e x t e n d i n g  s h i f t  d u r a t i o n s  a n d  
l i m i t i n g  t h r o u g h p u t  t o  ≈ 2 . 6  t r a i l e r s / d a y.

P r o b l e m  s u m m a r y :

U n b a l a n c e d  f l o w  a n d  o u t d a t e d  P L C  l o g i c  r e d u c e  u n l o a d i n g  e f f i c i e n c y,  
i n c r e a s e  i d l e  t i m e ,  a n d  p r e v e n t  f u l l  s y s t e m  u t i l i z a t i o n .



Problem Objective

Develop a simulation-based improvement strategy to optimize unloading and 
material movement efficiencies through logic reconfiguration and flow balancing.

Company goa ls

• Ba lance  f l ow  be tween  s l i de  and  conveyor  ( ta rge t  1 :1  ra t i o ) .
• Reduce  t ra i l e r  un load  t ime  by  a t  l eas t  20%.
• Inc rease  conveyor  u t i l i za t i on  to  95% and  e l im ina te  i d le  

pe r iods .
• Ma in ta in  sa fe  opera t ion  by  ensur ing  conveyor  movement  i s  

a lways  a t tended .
• Va l i da te  improvemen ts  th rough  s imu la t i on  be fo re  phys ica l  

PLC imp lemen ta t ion .



• Fixed equipment layout: conveyor and slide positions cannot be modified.
• Constant motor speed (60 Hz): conveyor speed is not adjustable.
• Limited staff: only two unloaders and four sorters (two per workstation) in a 

dock.
• Operational window: 8-hour shift (goal: reduce unload time without extra 

labor).
• Trailer capacity: fixed at ~1,500 bags per 53-ft trailer (~45,000 lb).
• PLC logic change only: physical modifications or automation upgrades 

excluded.

Project Constraints



“A problem 
cannot be solved 
from the same 
level of thinking 
that created it.”

~Albert Einstein



To p  V i e w

F l o o r  V i e w

Data recollection ( Interior)

H e i g h t :  1 0  f t



Main observations ( Interior)

1 .  A r m  ( D i v e r t e r )  
p r e d e t e r m i n e d  p o s i t i o n

2 .  B u f f e r  c o n v e y o r  
i n e f f i c i e n t  u t i l i z a t i o n

3 .  C o n v e y o r  
w o r k s t a t i o n  s p a c e  

a v a i l a b i l i t y



Data recollection (Exterior)
Tr a i l e r U n l o a d i n g  p o i n t I n f e e d  c o n v e y o r



Main observations (Exterior)

4 .  I n f e e d  c o n v e y o r  
i n e f f i c i e n t  u t i l i z a t i o n  

5 .  U n a t t e n d e d  
u n l o a d i n g  p o i n t



Programmable Logic Controller (PLC) and 
Sensor Control Overview

PLC controls 3 main components based on sensors:
1. Infeed conveyor - Exterior
2. Arm (Diverter)
3. Buffer conveyor - Interior

Note: Conveyor speed is fixed (60 Hz) and not a variable in 
this experiment, as motion is controlled by sensor input.

PLC System Sensor specification



Top View

Side View - Left

The conveyor 
system follows two 
distinct flows:

• Slide (red)
• Conveyor (yellow)

Sensor locations 
(side view):

• Slide (short side): 
1 sensor

• Conveyor (long 
side): 
3 sensors

1s

1c 2c

3c

(Sensors labeled as: 1s = slide;  1c–3c = conveyor)

Isometric View - Right

Slide (Short side)

Conveyor (Long side)

Conveyor dimensions (LxW):
29 ft x 3 ft

Conveyor capacity in bags:
Around 30 bags (1,050 lbs)

Slide dimensions (LxW):
13 ft x 3 ft

Interior Conveyor and Slide Layout: Design & 
Product Flow



Arm (Diverter):  Operation Logic and Design
Arm predetermined: 

Arm “opening”:
Arm Function Logic:
• Feeds the slide (short side) when the slide 

sensor detects an empty position.
• The diverter arm opens only if the PLC 

receives no signal from the three conveyor 
sensors (long side).



Current Condit ion

Sorters speed

Pareto distribution:
• Min (Xm = 4.03s) 
• Shape (α = 0.89)

PLC – Arm Opening

• PLC output creates a 1:3 flow ratio (long : short).
• Slide sorters overloaded; conveyor sorters slow to match pace.
• Long conveyor capacity: ~30 bags (~1,050 lb).
• Conveyor refill rate capacity: ~8 bags/min.
• Arm reopening delay: ~13 minutes → ~104 bags (~3,120 lb) 

idle.
• Conveyor feed time: 20 seconds
• Causes uneven resource use and delays trailer unload.

Operational Metrics

• Daily throughput goal: ≈ 2.6 trailers/day
• Unload time: 5–8 hours per trailer
• Trailer lines advanced/hr (of 13): 2.5-1.5 lines/hr
• Average trailer: 53 ft, ~45,000 lb (~1,500 bags)
• Progress tracking: 13 trailer lines ≈ 115 bags per 4 ft (~3,460 lb)
• Docks: 2 total (A and B)
• Workstations: 4 total → 8 sorters (2 per station – 4 per dock)
• Sorter expectation: 483 bags/shift (~14,500 lb)

Interpretation:
• Sorters cannot finish in less 

than 4.03 s per bag.
• Since α < 1, a few tasks take 

much longer, but most are 
fast.

• Average observed time: ~16.1 
s per bag.

Simulation Layout – Exterior and Interior Conveyor & Slide



Recommendations Summary: Exterior vs. Interior 
Operations

Exterior:
• Begin unloading with 1 operator at the conveyor 

pace.
• Add a 2nd operator and cart at mid-trailer for 

efficiency.
• Maintain at least 2 active piles to prevent empty 

conveyor gaps.
• Keep the unloading point always attended - 

conveyor movement depends on sorter flow 
(~16 bags/min).

Interior:
• Modify PLC logic: Arm (Diverter) should 

prioritize the buffer conveyor, using the slide 
as a relief valve when no WIP is detected 
(~every 2.5 min).

• Encourage sorters to utilize all workstation 
space to maintain equilibrium between the 
slide and interior workstations.

Trailer Unload PLC Divert Sorters Filter Exit

High level  process f low diagram 



Proposed Solution (Simulation)



Preparation
1 .  D i s t r i b u t e d  u n l o a d i n g  

a n d  s u p e r v i s i o n
2 .  M o d i f i e d  a r m  o p e n i n g  

p r e d e t e r m i n a t i o n
3 .  C o m m u n i c a t i o n  t o  

s i m u l a t e  n e w  P L C  
f e e d i n g  l o g i c

Arm predetermined: 

Arm “opening”:

Feed conveyor!,
Now feed slide!



Proposed Solution (Live)



Results

KPI: Before After △

Trailer throughput (units) 2.6 4↑ + 54%

Trailer unload time (hr) 5 – 8 3.5 – 4 ↓ - >20%

Trailer lines advanced/hr (of 
13)

1.5 – 2.5 4↑ + >60%

Conveyor utilization (%) 66% 95%↑ + 29%

Distribution ratio 1:3 1:1 Balanced

K e y  t a k e a w a y :  B a l a n c e d  f l o w  a n d  P L C  l o g i c  c h a n g e  r e d u c e d  u n l o a d  
t i m e  b y  a t  l e a s t  2 0 %  a n d  n e a r l y  d o u b l e d  t h r o u g h p u t .

0
1
2
3
4
5
6
7
8
9

10

Throughput Unload time Lines/hr Conveyor

Bar Chart before vs. after

Before

After



Additional recommendations
1 .  I n s t a l l  c a m e r a  

s y s t e m  t o  r e p l a c e  
m i r r o r s

2 .  S e p a r a t e  P L C s  f o r  D o c k  
A  a n d  B

3 .  A d d  e n d - o f - s h i f t  
c h e c k l i s t  a n d  s h e e t - m e t a l  

l u b r i c a t i o n

I m p r o v e s  v i s i b i l i t y  o f  
P L C  b e h a v i o r  a n d  

s t a t i o n  p a c e .

A l l o w s  i n d e p e n d e n t  
o p e r a t i o n  w h e n  o n e  

d o c k  i s  d o w n .

P r e v e n t s  i t e m s  f r o m  
s t i c k i n g ,  r e d u c i n g  l i n e  

s t o p p a g e s .



MidWest Texti les feedback

K a r l a  –  P r o d u c t i o n  
M a n a g e r

“ U n e v e n  d i s t r i b u t i o n  
w a s n ’ t  n e w,  b u t  o u r  
t e a m  a n a l y z e d  i t  i n  

d e t a i l . ”

Ve r o n i c a  –  Te a m  
L e a d e r

“ F o u r  o f  t h i r t e e n  l i n e s  
w e r e  c l e a r e d  i n  j u s t  

o n e  h o u r .  I m p r e s s i v e  
t e a m w o r k ! ”

M a r t i n  –  M a i n t e n a n c e  
M a n a g e r

“ T h a n k  y o u  f o r  c o m i n g  
i n ,  w e  n e e d e d  y o u r  

i n s i g h t  f r o m  t h e  
e x t e r i o r ”



Special  thanks to UTEP Faculty and Mentors

A r u n k u m a r  R .  
P e n n a t h u r  –  D i r e c t o r

I n d u s t r i a l  
E n g i n e e r i n g  

U n d e r g r a d u a t e  
P r o g r a m

M D  F a s h i a r  R a h m a n  
–  A s s i s t a n t  

P r o f e s s o r  a n d  
A s s o c i a t e  D i r e c t o r  

o f  R I M E S

S e l i m  M o l l a  –  P h D  
S t u d e n t  a n d  

Te a c h i n g  A s s i s t a n t



Thank you


