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The production of ceramic filters for industrial applications requires a high degree of discipline in addition to the highly complex production
processes. Nanostone Water lives the "change management process" and “root cause analysis” with all the associated methods.

Due to the ever-increasing level of automation of our process equipment and the related understanding that changes in the user application have

an impact on quality characteristics, we use IBA to identify changes in the manufacturing processes. Beside changes we are interested process-
optimization under the aspect of yield, throughput and costs.

Besides manufacturing applications, we focus on piloting our products at customer sites. Processes with or and without our solution is monitored
by us with the help of IBA. We analyze and compare data and share this with our clients and partners.
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1. Nanostone Water

Company History

Nanostone Water was formed in 2012 to develop and commercialize the core ceramic technology.

Nanostone Water is primarily owned by True North Venture Holdings, LLC, a U.S.-based company engaged in
identifying, scaling and operating disruptive businesses in the water, energy, chemical, fuels and waste
sectors.

Prior to releasing its first solution for commercial sale in 2017, Nanostone Water’s technology, products and
solutions were developed, tested and launched through rigorous, systematic processes over a six-year period.

In 2017, Nanostone Water qualified and ramped its automated, ISO 9001-certified ceramic module factory in
Germany, culminating six years of process and equipment design and optimization. Nanostone Water’s high
yield/high throughput factory has been designed for low-cost production and efficient capacity expansion.

Today, Nanostone Water has ~ 150 associates with commercial offices in Asia, Europe, Middle East and U.S. in
addition to the manufacturing facility in Germany. Our cultural commitment to operational excellence is
backed by rigorous application of structured engineering practices and data-based quality and reliability
programs derived from best- in-class methodologies.
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1. Nanostone Water

Company History

2012

Nanostone Water is formed

Company incorporated and acquired IP.

2014
Alpha Product

R&D advances to prototype and alpha
product field testing; pilot production line

upgraded.

m]

2019
Market Expansion

2015
Beta Product

Beta product launched and initial

demonstration projects deployed.

MNanostone began working with leading

municipal utilities in Europe, Asia, and North

America to integrate its solutions into large

greenfield treatment plants.

Snanosltone v

o
2016

Manufacturing achieves a significant
milestone

Commercial product development and
qualification and commercial production

line design and retrofit

2021-Future
Continue a Systematic Expansion into
New Markets.

Launched desalination pretreatment

solution.
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2017
Gen 1 Product Released

e Gen 1 product released;
* Nanostone began serving industrial
customers in China and the greater

Asia Pacific region.

u]

2018
Commercialized Product launched

First drinking water installation.
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1. Nanostone Water

Technology

nano

i

Ceramic Membrane

The rock solid, hydrophilic, and oxidant stable ceramic provides long life and resistance to fouling

True ultrafiltration membrane with tightly designed 30 nm pore size for reliable removal of suspended solids and
pathogens

Inherent high permeability, high flux structure and pore channels

The ceramic structure is fabricated using Nanostone’s proprietary nanomaterials

Segmented Monolith Design

Ceramic sheets are configured into a patented segmented monolith design

The design allows unrestricted permeate flow out of the ceramic material along the entire length of the module,
eliminating flow restrictions and unnecessary pressure drop

The patented design maximizes surface area per module

The segmented module format, along with proprietary materials and production processes, facilitate high
throughput, low-cost manufacture

High Flowrate Module

Each segmented monolith is integrated in a housing to provide an easy-to-use, corrosion-free module

The module is designed for maximum flexibility and can retrofit all major UF racks as well as be deployed in a wide
range of greenfield system designs

Each 7 bar-rated module measures 1.9m height x 250mm diameter

Due to the robust ceramic membrane and segmented monolith design, the module can operate at a high flux rate
with high permeability over sustained period
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1. Nanostone Water

Fields Of Application

Desalination Market

* Availabilities Up To 97-98%

* Simplified Process

* Higher Quality Water - Lower Operating Expenses
*  No Membrane Replacement For 20 Years

Municipal Drinking Water Market

Nanostone Water provides a ceramic-based filtration system
Integration of our solutions into plant upgrade and capacity
expansion projects and retrofits

Industrial Market

*  MINING

* POWER GENERATION

* MICROELECTRONICS

* CHEMICAL AND REFINING
PLANTS
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2. Manufacturing Of Ceramic Filter Modules

High Level Insight

Module H
a Assembly Coatmg
Packaging 0

@nanOStone water Nanostone Confidential iba-Tag 2023 @




@nanOStone water Nanostone Confidential iba-Tag 2023



3. Nanostone Global IBA Architecture

Central IT

ibaHD-Server

Manufacturing

Mixing 2 x Siemens 15xx
Extrusion 4 x Siemens 15xx / 1 x 12xx
Drying 4 x Siemens Et200PN PLC
Sintering 2 x Siemens 15xx / 1x Stange
Sawing 1 x Siemens 15xx
NSWMDU 11 x Siemens 15xx

1 x Siemens 15xx / 2 x 12xx / 2 x
Pilz PNOZ Multi NSWEU 03 x Siemens 15xx

Coating
Quality 2 x Siemens 15xx US Application 02 x Rockwell AB
Module Assembly 3 x Siemens 15xx / 1 x Beckhoff KAUST 01 x PCS7

22 x Siemens / 4 x others 15 x Siemens / 2 x others
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4. Nanostone Global IBA Architecture / DaVis
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5. Nanostone Global IBA Architecture / Rep

File

nmE BE B

Signals

Database Historical Data  Edit  Setup

Graph Mode

File Group Vil R Report

¥l <8 BB

Report setup  Info columns

-l

List & Label Report (%) definition

Report

- f Expressions

s [Lower Fitration Flux Limi]
~\» [Higher Fitration Flux Limit]
-y ; [Displayed Process No |

- ; [Displayed Process Step No ]

_| Number of pages: [¢][ 2

[m} ¥,
Computed columns ~ Chart fields Table data Text variables Notifications E-mail Report
| C:\Users\remus'Downloads\Report\Uriversal MDU Repart.lst |
| ' T
|/#] [ edtreportiayout | !
(%) Report-/Print engine List & Label @ ~rrin= 27 A+ Frwwikt cebitms Ak dns 24s :
Foll=] 5 | Designer - C:\Users\jremushDownloads\Report\Universal MDU Report.lst - 0 X

Exported graphs
Exp

Report varii

Insert  Project

Y, [Permeability New Membrane] |
\, [TMP Threshald for CIP] Fouling Rate & CIP Freq) 4D> {3 zoomn
“, [Fouling Rate for this datasef] Pilot Operation €1 Zoom Out
E c Select P
% {::\;ng Rate fu]r(msda(asel (as number)] Filtration Flux & THP i ke =
requency] : -
=10 [Fiter 1) Permesbilly X Farmesth Clipboard Zoom Amange
A1 femer B Raw & Membrane Feed| opjects e R e Dl bl T X
=1 [Fiter 2] Chemical Feed Dosage:
1 rmery) Raw & Permeale UVT
1L Fiter 4 e i v [ Prgject v MDU - 08 CRunsre ~ . Variables A 4
aw ‘ermeate Turbidi - ) o
10 [Fiter 5) JUTHG s [Picture] Fun Summary & AE comments Startof Run Erdof Run i
1N Fiter &) Fouling rates within filtra ibaAnalyzer.InfoFields Start_Date__Time = N —— ibaAnalyzer
1N [Fiter 71 Backwash & CEB Efficiel i . TR -8 Project variables
1 Fiera ! ibaAnalyzer.InfoFields.End_Date__Time il
-1 [Fiter
: . [Text] v .= Fields
-, [Normalized TP at 20°C] 3 se
Text] L
- [First Normalized THP in CEB cycle] [ = ! ! i ; e
"\, [Last Normalized TMP in CEB cycle] ibaAnalyzer.computed Fouling Rate for thisc 8 01.01,19700EXD01EF OXEXD01EF (0000187 OEDIMITET 0 00:00:00 ibaAnalyzer
#\ [Fitration Flux] ibafnalyzer.computed.CIP_Frequency 2 1o B o Flus (L m2) & Uservariables
"\, [Normalized Permeabilty at 20°C]) [Text] & — - Normalized TP &t 20°C (kPa) ~[& Sum variables sec
; First Normalized TMP in CEB cycle (kPs)
Y [Membrane Feed Temperature] ibaAnalyzer.Pilot_Operation el )0:00:00
i [Raw water pH] [Toct] =- -
i [Membrane Feed pH] : oo 4 : T T :
-7\, [iembrane Permeate pH] { haAnalzertexts.Rin Summany._AE:Comm¥ 01.01.197 DCEXOI-AEF DOEDDN0TEF COMCOH08T DOFMDAEF 0 00:00-00
-~y [Coagulant Dosage] < > B = T iarmalized Barme b
~"\ lAcd Dosage] Objects| Layers | Preview| 4
Signals | Search | Reportinfo  Analysis files ‘PerEmes E "
sec
Signal definitions LIRSS = T T T T T > 3 x
— = - | 01.0.197 QOEDCH01EF Q0CECD0-1EF (0000017 00EM0IET 0 00:00:00 =
Show SignalName Pl General Settings _ Thickness -~
1 Fouling Rate for this dataset fx| [Fouling Rate for this dataset] Broject Decription st @) ahel Propitdater BN -
2 CIP Frequency | [CIP Frequency] Active Design Layout  Standard Layout J
3 Pilot Operation IZCE) " Number of lssues 1 d o E
i = Minimum Page Count 1 3 E
A Filtration Flux i . : u i T —
lraon Flu |IEx] [Fittration Flu] ! Dasign scheme T 011.01.197 DDA DUEENATF COMEA0INT OOFDEDARF 0 00:00:00 E |
5 Normalized TMP al 20°C £ [Normalized TWP at 20°C] - = o ] B —
Transition Effect for Slide... - - — Coapulant Dosage (ma o) E
6 First Normalized TMP in CEB cycle £x| [First Normalized TMP in CEB cycle] 1 a o s —
7 x| [Last Normalized TWP in CEB cycle] “" x _ T Caustic D | —
BIES :; > | E
8 x| [Normalized Permeability at 20°C] 1 o~ sec | ——
9 #x| Membrane P te pH o o : T y : E—
= E [:m ratne :rmaep ] - 01.011.197 0O (EF OCCEOCONTEF 0ROCA0TT OEDCIDAET O 00:00:00 E
|| [Raw water pH] 3 Genanal Settiags 2| Nanostone Confidential e 13870 s oerich E 1
" Membrane Feed pH £x [Membrane Feed pH] E —
12 Coagulant Dosage | [Coagulant Dosage] 1 «'J rY— Loynd Biesienw | ——
13 x| [Acid Dosage] ; - (€] L) @ —_—
11 | [Causiic Dosage] Select -nothing selected- - 100% . @ Y
Signal definitions | Markers  Statistics Harmonicmarker Navigator Overview  Cross-reference
Ready CAP_NUM
nanostone weer N tone Confidential Tag 20
anostone conridentia ag £U




6. Nanostone Global IBA Architecture / Reports
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7. IBA As One Nanostone Standard

Data Acquisition

* Most Changes In Quality Can Be Led Back Into The Automated Process

* Very Open Transparent Source — Every Co-Worker Has Access And Can Analyze Data
* Open Interface To Statistic Tool Like JMP

* Interface To Almost All PLCs

* Interesting Connection Opportunities To IloT Solutions

Reporting

* Standard Reporting For All Our Business Solutions (pilots and BOS)
* Uniform Report Design In Front Of Our Client
* Very Good Client-Solution — Different DaVis Dashboard Assignment
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8. IBA As One Nanostone Standard
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