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MARKETS

$1.4 trillion Industrial loT and Remote O&M Market by 2030
Market, cont.

2030 Industrial loT and Remote O&M Market

Process Markets in 2030

$1.455 lloT Market in 2030

Market, cont.

Measurement Categories

Instrumentation Market Size by Medium Measured and Industry
Onsite Versus Remote lloT Revenues

Market by Industry

Market, cont.

World Market- S billions

World Market

Market in 2022

Africa $ billions

CIS S billions

East Asia $ billions

Eastern Europe $ billions

Middle East $ billions

NAFTA $ billions

South & Central America $ billions

West Asia $ billions

Western Europe $ billions

Accenture Forecasts $14 trillion Boost to 2030 Economy
Accenture Cites Three Actions to Maximize lloT

U.S. has the Most Potential Based on Accenture NAC
lloT is Where the Big Growth Will Be

Evolution of lloT in Four Phases

Optimizing Asset Utilization

Growing Importance of Software

Software Platforms are Essential

Automation will Lead to Structural Changes in Employment

McKinsey Predicts up to $6 trillion Impact of loT

North American lloT Market to Reach $599 billion by 2021 but Europe will be Larger
ARC Forecasts $125 billion lloT Market but Mcilvaine's Scope is 10 Larger

ARC Components Included in $125 billion
lloT Market Estimated at $151 billion by 2020

Global Outsourced Facilities Management Estimated at $641 billion in 2017 by Denali

Outsourcing Providers Focus

Profitability of Companies Providing Outsourcing Services
IHS Estimates Global Remote Monitoring at $24.7 Billion
$2 billion Machine Conditioning Market with 7% CAGR
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Forecasts by Others
Forecasts by Others
Forecasts by Others
Forecasts by Others
Forecasts by Others
Forecasts by Others
Forecasts by Others
Forecasts by Others

Refinery Processes
Refinery Processes
Refinery Decision Systems
Refinery Decision Systems
Refinery Decision Systems
Refinery Decision Systems
Refinery Decision Systems
Refinery Decision Systems
Refinery Decision Systems
Refinery Decision Systems
Refinery Decision Systems
Guide

Guide

Guide

Guide

Guide

Guide

Guide

Guide

Guide

Control & Measurement
Control & Measurement
Control & Measurement
Control & Measurement

Control & Measurement

SCADA Market Growing to $20-30 billion by 2020

SCADA Market Shares in Oil and Gas

Process Automation and Instrumentation Market to exceed $100 billion by 2020
DCS Market to Reach $20 billion by 2020

$24 billion DCS Market by 2022 According to Allied Market Research

PLC Market to Grow to $15 billion this year (2017)

Wind Turbine Problems Solved by Remote Monitoring

$299 million Global Offshore Wind Remote Monitoring

REFINERY MARKET

Table of Contents

Overview

Detailed Market Forecasts of Products

Component Suppliers can Generate Guide, Control and Measure Revenues

The Importance of lloT on Future Component Revenues is lllustrated with a Valve Example
Forecasts for the 100 Top Refineries

Refining Markets

Refinery Products

Refinery Processes

lloT will be Empowered by lloW. This includes Refinery Decision Systems with SMUES
Refinery Decisions includes a Continually Expanding Intelligence System

Many Potential Decision Systems

lloT examples-FCC

Delayed Coker Valves

Valve Decision Guides-Delayed Cokers and Molecular Sieves Background Information in Intelligenc

Seal Decisions

Golden Specialty Webinar January 4

Water and Remediation Issues in Intelligence System will Lead to Decision Systems
Schneider Electric

Bp

Chevron

Ecopetrol

Hewlett Packard Enterprise Provides lloT Solutions to Texmark Chemicals

WiPro Optimizes Crude Blends

0SI Soft

0Sl Soft, cont.

0OSlI Soft, cont.

lloT- Refinery Cooling Tower

United Refining is using ITT Condition Monitoring on Pumps along with Support Services
lloT- Sulfur Handling - Corrosion Monitoring

Belden Connectivithy Products used in Remote Monitoring at Tula Refinery
Wireless Transmitters allow Economic Control and Monitoring Upgrades
OVERVIEW

Data-Information-Knowledge-Wisdom (DIKW) Machine vs Human
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Processes
Processes
Processes
Processes
Processes
Processes
Processes
Processes
Processes
Producers
Producers

Producers

Four Components of the lloT

lloT is about Things while SCADA is Processes

lloT Architectures

Remote Monitoring Services

Remote Monitoring with Service in the Cloud
Comparing Traditional Sensor Network to lloT Digi-key graphics
loT World Forum Reference Model

Comparing Traditional Sensor Network to lloT

loT World Forum Reference Model

GE Industrial Internet Control System

HPE Analysis of a Four Stage IloT Solution

Four Stages of an lloT Solution (HPE)

SHALE GAS MARKET AND PROCESSES

Shale Gas Markets and Processes (EPCs play a big role)
Introductory Note

Shale Oil Markets

U.S. Oil Production

Oil Prices will be Subject to a Number of Factors

Gas Supply and Demand

U.S. Slated to be Net Gas Exporter

Shale Gas Market Overview

Shale Gas Market Overview

Shale Gas Market Overview

Shale Gas Market Asia

Shale Gas Market Factors

Monitor, Compressor and Valve Opportunity Ranking
Monitor, Compressor and Valve Opportunity Ranking, cont.
Shale Gas

Processing Plants, Pipeline, Compressor Stations, Storage
Crude Oil Piplelines in the United States

Shell Ethane Cracker

Ethane Cracker Process Flow Diagram

Ethane Cracker Process Flow Diagram, cont.

Product and Application Mapping

Process Flow Diagram Gas Processing Plant

Process Flow Diagram LNG Liquefaction Plant

Shale Oil and Gas Producers

Shale Oil and Gas Producers, cont.

Largest Shale-Focused Companies

RENEWABLE ENERGY

Renewable Energy Increased by 161 GW in 2016
Wind & Solar Power are Now Cost-Competitive

Largest Wind Turbine Operators
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BHE Example
BHE Example
BHE Example
BHE Example
BHE Example
BHE Example
BHE Example
BHE Example
BHE Example
BHE Example
BHE Example
BHE Example
BHE Example
BHE Example
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation

Control & Instrumentation

American Market becoming more Concentrated including big Push by BHE
Cumulative European Offshore Wind Capacity is 11,000 MW through 2015
EON Installed the Most European Offshore Wind in 2014 (MW%)

Lower Energy Bills Drive Move to Renewable Energy

Power Purchase Agreements

Corporate Renewable Energy Buyers

Wind Growth

Top Suppliers of Wind turbines in 2016

Duke Energy's Renewable Control Center

Solar PV Growth

Leading U.S. Utility PV Developers

Many Tools in PV lloT

lloT Optimizes Microgrid

Purpose Built Operations Centers

Concentrating Solar Thermal Power (CSP) Growth

L&T Solar Offers Control System for Solar Farms

Hydropower Growth

GE Introduces Digital Hydro Plant

Biomass Power Growth

Geothermal Growth
Yokogawa Electric Corp. has devloped a hot spring monitoring sys. solution based on its lloT archite
ste.

Yokogawa to Control Indonesian Geothermal Unit
Emerson System Applied to Geothermal Plants

BHE Energy Assets

BHE has Diversified Portfolio

BHE Revenue and EBITDA Diversification

BHE Asset Profile

BHE Generation Diversification

BHE Wind and Solar Investments

BHE Capital Expenditures and Cash Flows

BHE Capital Investment Plan

BHE is the Largest Wind Turbine Operator in the U.S.
BHE Wind Repowering

PacificCorp Environmental Position

BHE Power Generation

BHE Renewables

BHE Renewables, cont.

ABB Automation Systems

Uptake Data Analytics

Lufft and other OTT Hydromet Companies are Supplying Renewables Instrumentation
Wind Turbine Condition Monitoring

GE Bently Nevada Measures Wind Turbine Vibration and can be Incorporated in PulsePoint Monito
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Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation
Control & Instrumentation

Control & Instrumentation

Overview

Overview

Overview

Overview

Brackish Water and ZLD
Brackish Water and ZLD
Brackish Water and ZLD
Brackish Water and ZLD
Brackish Water and ZLD
Brackish Water and ZLD
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination

Chinese Desalination

Bruel & Kjaer Vibro Monitors 7,000 Wind Turbines

National Instruments Provides a Unique Solution to Condition Monitoring
DNV GL Opens Test Facility

NREL Providing Research on Gearbox Reliability

2017 Update of O&M Status

O&M R&D: Big Picture

Reliability Database: Damage Distribution

Gearbox Reliability Challenge

Gearbox reliability Has Been Improved

Condition Monitoring and O&M

Component reliability Improvement through Performance and Condition Monitoring
Maintenance for Mission-Critical Subsystems

Compact Filter Field Testing and Analysis

Compact Filter Field Testing and Analysis, cont.

Hydac Components in a Wind Turbine System

Filtration Group Two Stage Filter

Parker Hose, Filters, Pumps, Valves and Accumulators for Wind Turbines
Parker Systems, Condition Monitoring and Sealing for Wind Turbines
DESALINATION MARKET

Forty Percent of Flow and Treat Products for Desalination will be Purchased by Just Forty Companit
Desalination Market Segment Size

Desalination Forecast and Comparison to Fresh Water

Gulf Cooperation Council Market to increase to 6600 mgd by 2020
Brackish Water Quantities

Brackish Water Definition and Impact on Market Size

Flow Back Water from Hydraulic Fracturing contains much Higher Salt Content than does Seawater
Power Plant ZLD Systems have many of the Same Challenges and Components as Desalination Syst
Explanation of Recovery

Process Flow Diagram

807 MGD of Desal by 2020

China Status vs Rest of the World

Desalination Capacity has Grown Rapidly

RO has a 63% Penetration of Chinese Desal Market

Water Diversion Projects are not Going to Make Much Difference

Foreign Based Technology Predominates

80 million tons of Desal Capacity in ROW vs 1 million

Alternatives to Desalination are not Attractive

Industrial Desalination Summary

Industrial Desalination Comprises 70 % of the Flow

Tianjin is the Most Active Locality

Existing Chinese Industrial Desal Plants

Shenua Hebei Power Desal System

Changxing Process with FO
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Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Chinese Desalination
Technology Comparisons
Technology Comparisons
Technology Comparisons
Technology Comparisons
Technology Comparisons
Technology Comparisons
Technology Comparisons
Technology Comparisons
Technology Comparisons
Technology Comparisons
Technology Comparisons
Technology Comparisons
Technology Comparisons
Technology Comparisons
Technology Comparisons
Membranes

Membranes

Membranes

Membranes

Membranes

Membranes

Membranes

Membranes

Costs

Costs

Costs

Costs

Desalination Plant Owners
Desalination Plant Owners
Desalination Plant Owners

Desalination Plant Owners

Tianjin- IDE MED for Coal Plant

Hangzhou Sells Desal System from China to Vietnam Coal Plan
Hong Kong a Good Potential

Tseung Kwan O Plant

Quingdao SWRO-Abengoa is one of Several Privately Owned Plants
Industry Participants

Beijin Woteer

Bohai $1.1 billion Desalination Plant

Engineering Companies -1

Engineering Companies -2

Engineering Companies -3

Membrane Companies

Oman Power Details Show Interconnection of Flow and Treat Products
Multiple Filters and Pumps

Process Diagram

Classification of Desalination Technologies

Technologies and Use

MSF Advantages and Disadvantages

Reverse Osmosis System Design

RO Plant Design with Pre Treatment

Reverse Osmosis Desalination: Overall Plant

Advantages and Disadvantages of RO

Ashkelon RO Plant with Production of 300,000 m3/day
Designing an RO System

Multi-Effect Distillation (MED)

MED Advantages and Disadvantages

Electrochemical Desalination

Today, 30 Ongoing R&D Projects devoted to Membrane Development

Virtually ALL RO Membranes in Western Desalination Applications are Spiral Wound Configuration

Spiral Wound Pretreatment Trend

Hollow Fiber RO Membrane Module

Structure of Spiral Wound RO Membrane Module
NF-RO-MED

Japanese Membrane Supplier Market Shares
UF-MF Membranes

Plant Construction Cost Comparison

Operation cost for SWRO

Operation Cost for MSF

Operation Cost for MED

Largest Desalination Plant Operators

TAQA is the Largest Desalination Operating Company
Aquaventure

Veolia is a Leading Operator as well as Supplier
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Vales

Vales

Vales

Vales

Vales

Vales

Vales

Vales

vales

Vales

Vales

Vales

Vales

Vales

Vales

Automation and Controls
Automation and Controls
Automation and Controls
Automation and Controls
Automation and Controls
Automation and Controls
Automation and Controls
System Suppliers

System Suppliers

System Suppliers

System Suppliers

System Suppliers

System Suppliers

System Suppliers

System Suppliers

Market
Market
Market
Market
Market
Market
Market
Market
Market
Market
Market
Market

Challenges for Valves in Seawater Desalination

Some of the Valve Suppliers for Desalination

Bray Valves used in Range of Desalination Applications

Specific Valve Applications

Victaulic Acquired MTS and Plays a Major Role in Joints and Valves for Desalination
MTS Valve with Victaulic Ends

Plug Designs

Integrated New RO System Technology

Integrated New RO System Technology, cont.

Integrated New RO System Technology, cont.

Integrated New RO System Technology, cont.

Integrated New RO System Technology, cont.

Valves for Seawater Intake (AVK)

Crane Triple Offset Deals with High Pressure Desalination Applications
Auma Actuators Used for Flow Control Valves at Nemmeli Desalination Plant
Yokogawa has Order from Doosan for Controls for Doha

Crenger Simplifies Controls Programming

Rockwell Automates World's Largest Desal Plant

ABB Provides Control for New Systems and Upgrades Older Ones

YSI provides Monitors for Process and Effluent Water Quality

Remote Monitoring by Osmoflo PlantConnect

Pentair Monitors Bay Salinity in Australian Desal System

Veolia has more than 6.8 million m3/d Experience, but GE/Suez Merger creates Equal Size Competi
Capacity in Individual Countries

Capacity in Individual Countries, cont.

Suez has over 250 Desalination References

GE and Suez Provide the Complete Range of Desalination Plant Equipment and Services
Suez and Solvay have Chinese Contract to Treat Brine

Suez will Build and Operate Mexican Plant

Aqualyng

VALVE

The Role of High Performance Valves in lloT

High Performance Valve Classification

Total Industrial Valve Revenues in 2030

High Performance Valve Sales to 3rd Parties will be $17 billion

Digital Process Management Levels (Honeywell)

Scope Hierarchy

Who will Capture the Larges Scope?

High Performance Decision Guides-Oil & Gas

High Performance Decision Guides- Power

Valve Market 2017-2015

High Growth for Smart Valves and Remote Monitoring

Thousands of Continually Updated White Papers
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Market

Valve lloT Programs
Valve lloT Programs
Valve lloT Programs
Valve lloT Programs
Valve lloT Programs
Valve lloT Programs
Valve lloT Programs
Valve lloT Programs
Valve lloT Programs
Valve lloT Programs
Valve lloT Programs
Condition Monitoring
Condition Monitoring
Condition Monitoring
Condition Monitoring
Condition Monitoring
Condition Monitoring
Condition Monitoring
Condition Monitoring

Condition Monitoring

Markets
Markets
Markets
Markets
Markets
Markets
Markets
Markets
Markets
Markets
Markets
Markets

Typical Processes
Typical Processes
Typical Processes
Typical Processes
Typical Processes
Typical Processes

Typical Processes

Increasing Market Share and Profits

Emerson valve Predictive Maintenance Program

Taking Valve Management Programs to the Cloud

Westlock Controls Intellis

Westlock Intellis Functions as Part of lloT

Westlock Accutrak Wireless Monitoring

Auma Cloud Program under Construction

Using Fuzzy Logic to Predict and Control Valve Performance

Flowserve Domain Knowledge on Pumps and Valves and Honeywell Inspire Provide lloT Service
Need to Connect On-Off Valves including Solenoid Air Pilot Valves
Pneumatic Solenoid Valves with Diagnostic Capability Available from Festo
Automation Supplier Resident Expects better for Pump and Valve Expertise than End User
Valve Condition Monitoring Systems

Shell Ormen Lange Provides Condition Monitoring for the Moving Components
Condition Monitoring of the 41 most Critical Shutdown Isolation Valves
Leaks Detected with Acoustic Emission Sensors

Challenge with Very Large Valves and High Pressures

Data is Captured and Utilized within and without the Shell Network

MRC Valve Watch

Benefits of a Valve Monitoring System (MRC)

Rish Management Benefits

FOOD INDUSTRY

Overview

Wise Crowds for Each

Food - S billions

Food Manufacturers: World Rankings 1-3

World Rankings 4-8

World Rankings # 7 to 10

U.S. Food Manufacturer Rankings as of 2015

Nearly Half Food Processors are Moving Forward with lloT

lloT needs to be Justified Based on Food Equipment effectiveness
Forecasts for all Combust, flow and treat products and Services for 75 Food Processors
ConAgra and World food Pump Purchases $ millions, 2018

Control Valves - Food Industry $ millions

On- Off Valves - Food Industry $ millions

Forecasts by Type of Food Product $ millions - Filtration

Juice Processing

Fruit and Vegetable processing - Seepex Pumps

Beer Processing, 3M Purification

Wine Processing, Alfa Laval

Tea Processing, Alfa Laval

Soy Processing, Alfa Laval

Seepex Pumps in the Dairy Industry
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Typical Processes
ConAgra-Lamb Weston
ConAgra-Lamb Weston
ConAgra-Lamb Weston
ConAgra-Lamb Weston
ConAgra-Lamb Weston
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands
ConAgra Brands

Crane Clean in Place System with Valves and Pumps

ConAgra Split into Two Public Companies

Overview of Lamb Weston

60 years of Continuous Expansion

Positioned for the Future with our Global Footprint

Global Footprint in Prime Growing Regions sets Foundation for Efficiency

S8 billion Business with Lconic, Leading Brands

Embedding New Portfolio Management Principles (PMPs)

Innovation is a Primary Driver of Market Growth

Driving Trade Productivity -$ 100 MM

Granular View Reveals Accessible Growth Pockets

...And Our Supply Chain is Undergoing Significant Change as the Company Evolves
Despite these Changes, Our Supply Chain Remains Complex

Historical Approach to Measuring Productivity

We Have Moved to New Productivity Measure

Our Plan is to Increase Realized Productivity by 15-20%

Our Model for Driving Productivity/Margin

New Reporting Segments

CapEx Balanced Between Infrastructure and Growth/Savings

One ConAgra Plant Discharges more than 6 million Gallons of Treated Wastewater per Day
Mcllvaine Toxic Water Emission Data at each ConAgra Plant

Details on Boilers at all ConAgra and U.S. Industrial Plants

Idaho water Reuse Permit has Good Info

82 Sustainable Development Projects Reduce Water, Waste, Energy and Costs at ConAgra
Sweet Potatoes processed with Most Efficient use of Water

Delhi Produces Biogas

Additional Flow/Treat Projects

Lots of Enviromental Projects

Marsh-McBirney Flow Meter at Sidney Facility

Milton Provides Anaerobic Treatment of ConAgra Wastewater

Milton using Westfalia Centrifuge and Cummins Engines

Evoqua - ADI Furnished Reactors at Milton

Contacts from Milton

Gordon Rupp Pumps at Russellvile

ADI Chosen for Mexican Plant

ConAgra uses ABB Dodge Ball Bearings at all its Plants

ConAgra using Infosys Information Automation Platform

Pilgrim pays ConAgra $54K/month to treat Chicken Wastewater at Batesville
Terra Demand Sensing Software used by ConAgra

ConAgra using IBM Software with Signal Demand Enterprise Optimizer
Rockwell Automation System at ConAgra-Omaha with Systems Integration by Concept Systems
Who is Concept Systems

Business Challenge
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ConAgra Brands

ConAgra Brands

ConAgra Brands

ConAgra Brands

ConAgra Brands

ConAgra Brands

ConAgra Brands

ConAgra Brands

ConAgra Brands

ConAgra Brands

ConAgra Brands

ConAgra Brands

lloT/Food Manufacturing
IloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing
lloT/Food Manufacturing

Customer Requirements

Solutions

Solutions - Lead Integrator Model

Solutions - Lead Integrator Model, cont.

New Projects - Deep Process Knowledge Needed

Solution

Solution, cont.

Results and Benefits

Summary

Dunbar Mechanical Performs ConAgra Upgrades

Dunbar Mechanical - More ConAgra Plants

86 Contacts at ConAgra on LinkedIn

ABB ECS System at Wander

Automatic Weighing, Dosing, and Mixing at Wander

Abb Manufacturing Execution System (MES) Raises Productivity for DSM Nutritional Products
DSM Achieving Double Digit Efficiency Improvement

ABB Supplies MES as Well as Process Control Systems and Products

ABB 800xA DCS Connection with ERP Increases Productivity of AAK

ABB Sensors, Transmitters, Positioners, Signal Converters in F&B-General
ABB Sensors, Transmitters, Positioners, Signal Converters in F&B-Sugar
ABB /P Signal Converter Solves Enzyme Plant Valve Problem

ABB LM8O0 Laser Level Transmitter Solves Molasses Measurement Problem
Malteurop Selects ABB Bearings and Motors

ABB VSD Allows Energy Reduction with Safety protection

ABB Drives for Food Decanters

ABB PLC for Food Decanters

ABB Robotics in the Food Industry

Accenture Analytics Allows Global Food and Beverage Company to Improve Tactical and Strategic £

Alfa Laval Provides Systems and Components Designed for High Performance
Alfa Laval Performance Agreement for Brazilian Sugar Company

Alfa Laval is Providing Separation Solutions to Recover Product from Wastewater
Bete Nozzles for Food Spray Dryers

Cisco Connected Factory at Campofrio Food Group

Cisco - Sugar Creek Packing

Sugar Creek Wastewater Treatment

Colfax-Howden-Food Industry MVR

Colfax Howden ExVel Applications

Colfax has Expanded into Fans, Compressors, and Software

FLIR™ Cameras for Automated Temperature Measurements

Filtration Group filter Press Cloths Reduce Product Losses and Down Time
GE- 7 Proven Steps to Success

GEA Using SAP for Predictive Maintenance and Service

GEA Ammonia Compressors in Automated System at SugarCreek
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GEA is Monitoring Food and Beverage Processing from Start to Finish

Honeywell Xtralis Smoke Detection System at Patties Foods

Honeywell Combustion Safety Support for ConAgra and other Food Manufacturers
Hench Control

Ichida Remote Software Solutions for Food Manufacturers

Key Sorters are Digital Information Centers

Nalco 3 D TRASAR reduces Cooling Tower Maintenance and reduces Sewerage Costs at Food Proce
SAP Event Management for the Food Industry

Parker Dominick- Hunter CO2 Purification System

At Middleton Distilleries Seepex Supplied more than the Pumps - an lloW Solutions
Schneider Electric

Schneider Electric Wonderware at New Belgium Brewery in Colorado

Sensire Oy Food Remote Monitoring of Food Processing

Spraying Systems Co. Suggests Continuous Monitoring of your Spray Nozzle Systems
Spraying Systems Co. Suggests Continuous Monitoring of your Spray Nozzle Systems, cont.
Yara Remote Water Status Monitoring for Crops

NUCLEAR COMBUST, FLOW AND TREAT MARKETS

Nuclear Power Generation will Grow at 2.3 Percent

Nuclear Power Plant Combust, Flow and treat Purchases 2018 - $ millions
Continuous Forecasting of Purchases by Operators and EPCs

Top 10 Nuclear Generation Countries

China Key to Nuclear

China has Aggressive Nuclear Program

Chinese Five Year Plan - 2018-2022 Includes more than 60 GW in Operation and 30 GW under Con:
Exelon has Consolidated Nuclear Operations in the U.S.

KEPCO is the Sixth Largest Nuclear Plant Operator

Rosenergoatom has 35 Nuclear Blocks

EDF Operates Plants and with Areva is also Building Plants

Luminant has Top Performing Nuclear Plant

The Luminant Power Optimization Center

POC Valve Stream

POC Client Services

Wireless Equipment Monitoring System

Predicting Failure - Main Power Transformer

Additional Examples of Remote M&D Contributions to Operations

The Convergence of Technolgies and Industry

Expanding Industry Operating Experience Programs

Industry Sponsored Remote Monitoring & Diagnostics

System Architecture Luminant

Technology Stack used at Luminant

lloW to Retain Nuclear Knowledge

lloW needs to Address and Leverage the Source

ICERICS provides the Widom of the Crowd with Organized Subject Matter Expertise



NU 27 Guide The Fifth and Sixth IERICS Missions

NU 28 Guide Exelon Using OSlsoft Pl System

NU 29 Guide CANBERRA's Data Management

NU 30 Guide Curtiss Wright Plant Performance

NU 31 Guide Curtiss Wright EPHQ and EQ Power Suite

NU 32  Guide Curtiss Wright Condition Monitoring

NU 33  Guide Typical Process Flow

NU 34  Guide Curtiss Wright FAMOS

NU 35 Guide Curtiss Wright FAM, cont.

NU 36 Guide Monitoring and Diagnostics Information Exchange

NU 37 Guide HollySys Nuclear Power Plant Automation

NU 38 Guide After Fukishima there has been Big Investment in Robotic Recovery Vehicle R&D
NU 39 Guide Exelon Asset Management Strategy

NU 40 Guide Virtualization as an Obsolescence Mitigation Strategy

NU 41 Guide Platform Virtualization Is a Lower Cost Alternative for Aging Plant
NU 42  Guide Implementation of Virtualization and Oyster Creek

NU 43 Guide Software on Each Server

NU 44  Guide Success with Virtualization since October 2016

NU 45 Guide Expanding the Use of Virtualization

NU 46 Guide Financial Benefits of Virtualization were Proven

NU 47  Guide Cloud Computing

NU 48 Guide Cloud Computing, cont.

NU 49 Guide Cloud Computing-Deployment Models

NU 50 Guide Many Suppliers of Cloud Services

NU 51 Guide Private Cloud Advantages and Disadvantages

NU 52  Guide Private Cloud Advantages and Disadvantages, cont.

NU 53 Guide Private Cloud Advantages and Disadvantages, Conclusions
NU 54  Guide EPRI Knowledge Management and Subject Matter

NU 55 Control Yokogawa Integrated Solutions for Monitoring and Control
NU 56 Control M&P International Coda DAS for Remote Piping Monitoring
NU 57 Control AREVA Monitoring and Control

NU 58 Control Eaton Provides a Range of control Components

NU 59 Control Eaton Provides Sub Station Automation Upgrades for AEP
NU 60 Measure Thermo Scientific Area Radiation Monitoring

NU 61 Pumps Forsmark, Sweden, Nuclear Power Plant-Units 1-3 using KSB Pumps and Valves
NU 62 Pumps MHI Pumps for Nuclear Plants

NU 63 Pumps Mitsubishi Supplies the Pumps and the Complete Plants

NU 64  Filtration Air Filter - Examples

NU 65 Filtration Water Filtration in Nuclear Plants - Examples

NU 66  Filtration Veolia Cleanup Operations for Both Low and Intermediate Level Radioactive Liquid Waste
NU 67 Filtration Veolia System Removes Cesium at Fukishima

T 0 CHEMICAL INDUSTRY

CHE 1 Mcllvaine Provides Support for Industrial loT and Remote Monitoring
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Overview

Overview

Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
Supplier Examples
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20 Largest Operators
20 Largest Operators
20 Largest Operators
20 Largest Operators
20 Largest Operators
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20 Largest Operators
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20 Largest Operators

lloT Empowered by lloW in the Chemical Industry

lloT & Remote O&M Chemical Industry $ billion

Accenture relaunching Best Practices for Chemical Manufacturers

Nexen Chemical, Manitoba Canada using Emerson Delta V

Blaser uses GE Software for Process Improvements

Profertil is Benefiting from GE Asset Answers

Honeywell Automation College - Distillation

IBM allows Chemical Companies to Leverage the Cloud

IBM Recommendations for Cloud Success

Linde Provides Complete Hydrogen Solutions for Chemical Plants

Linde Hydrogen Process

Linde Hy6drogen Systems Utilize Lots of Flow and Treat Components

Linde Ozone for the Chemical Industry

McKinsey Model helps Chemical Manufacturer Understand Variations in Value Chain
Microsoft Dynamics used for ERP Solutions by SAGlobal

Dow Teams with Northwest Analytics to Predict Trends

Rockwell Supplies comprehensive Automation for Syngenta Crop Protection
Whitmore Manufacturing Converts and all Manual Lubricant Facility to a Fully Automated Plant
Schneider Electric Wonderware IntelaTrac for Chemical Processors

Siemens Comos Provides Tools for Automation At DSM

Siements Tunable Diode Laser Widely Used in Chemical Industry

Yokogawa, Microsoft, FogHorn, Bayshore Networks and Telit Collaborate on lloT
Yokogawa 2nd Generation TDL has Improved Reliability

Largest Chemical Companies

Chemical companies - Rankings 11-21

Basf (Ludwigshafen, Germany)

BASF's Segments

Seven Core Technologies will Enable Industry 4.0 in Chemicals

BASF 4.0 Fully Integrated Networks with our Partner

In 2018, the IT Lanscape will be Leaner, Globally Standardized, and provides one Professional Interf
Key takeaways

Strategic Procurement Suite for Indirect and Direct Procurement with ERP Interfaces
Process Optimization

Attractive Applications Identified along the Value Chain

Objectives and Measures to Support Realization of Business Benefits

loT and (Traditional) Operational Technology

Procurement IT Tools Core Business Requirements & Benefits

How SPS and VIP fit into the Digital Procurement Landscape

Predictive Maintenance - Wireless

Predictive Maintenance - Wired

Wisdom Created around Gas Analysis is an Example of the Interconnection Potential
E+H Provides Process Knowledge and TDL

Dow Chemical ( Midland, USA)
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20 Largest Operators
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20 Largest Operators
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People, Projects, Plant Data
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People, Projects, Plant Data

Dow DuPont to become Largest Chemical Company

EMI at Dow

Sinopec (China Petroleum and Chemical Corp) Ranking for Flow and Treat is # 1
Sinopec has Risen to the Top Position in Asia

Sabic (Riyadh, Saudi Arabia)

Covestro

Hype Cycle for Emerging Technologies 2015

Digital Strategies require Integration from Suppliers to Customers

Industry 4.0 - How to Navigate Digitization of the Manufacturing Sector
Industry 4.0 - How to Navigate Digitization of the Manufacturing Sector, cont
What is Chemicals 4.0?

Condition Monitoring

Challenge #1: Linking Data/Fast Deployment

Covestro Use of Emerson Delta V

Covestro Challenges

Digital Manufacturing Approach at Covestro

New Marketing Environment Created by lloW and lloT

LinkedIn Contacts at BASF

BASF LinkedIn Examples, cont.

Netzer Leads the Digital Transformation at BASF

BASF has Blogs to provide Interconnection

BASF Plant Locations

New BASF MDI Project at Geismar, LA

New Large Project Information Needs to be Shared by Many

New Project Examples, cont.

Recent BASF Expansion in South America

BASF South Africa Upgrades SCADA Systems with Wonderware

BASF Supplies Treatment Chemicals to the Chemical Industry

Dow Plants Listed in Mcllvaine's Industrial Plants and People

Dow Water Discharges from Industrial Plants and People

Dow Plaguemine Industrial Boilers/Heater

PHARMACEUTICAL INDUSTRY

Table of Contents

Webinar Attendees June 27, 2017

LEWA's Membrane Pumps Technical

Pharmaceutical lloT and Remote O&M Market will exceed $25 billion in 2025
Pharmaceuticall lloT & Remote O&M Market $ billion

Capital Expenditures by Sector

Mcllvaine Forecasts for Cross flow Membrane Revenues in the Pharmaceutical Sector- $ millions
Mcllvaine Forecasts for Liquid Cartridge Filters in the Pharmaceutical Sector- $ millions
Mcllvaine Pump Forecast for the Pharmaceutical Sector $ millions

Mcllvaine On-Off Valve Forecast for the Pharmaceutical Sector - $ millions

Mcllvaine Control Valve Forecast for the Pharmaceutical Sector - $ millions
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Top Pharma Purchasers
Top Pharma Purchasers
Top Pharma Purchasers
Top Pharma Purchasers
Top Pharma Purchasers
Novartis
Novartis
Novartis
Novartis
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Novartis
Novartis
Novartis
Novartis
Novartis
Novartis
Novartis
Novartis
Novartis
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers

Mcllvaine Scrubber Knowledge System Analyzing Pharma Since 1974

Mcllvaine Fabric Filter Knowledge System for Pharma since 1974 - Issue 482 in 2015
Water Sensing Applications in Pharmaceuticals ( Water for Injection vs Pure Water) - Mcilvaine UP\
Sensor Improvements for Ultrapure Water from Mcllvaine UPW Market Report
Pharmaceutical Sales: Branded vs Generics

Top Ten Pharmaceutical Companies

Total Revenues vs Pharmaceutical Revenues

Largest Pharmaceutical Plant lloT and Remote O&M Purchases in 2020

Largest Pharmaceutical Plant lloT and Remote O&M Purchases in 2020, cont.

Novartis is a Large Pharmaceutical Company with sales of $32.6 billion

Novartis Production and R&D Sites

Novartis Total Water Withdrawal by Source

Novartis Air Pollution Control Program

Some of the 64,000 LinkedIn Connections at Novartis

Novartis toxic Emissions from Mcllvaine Air Toxic Emitter Database

Novartis in Mcilvaine Cleanroom Project

Mcllvaine Cleanroom Projects, cont.

Big People Matter more than Big Data

Novartis - OSI Partnership

Novartis Analysis of Automation Trends

Four Automation Business Drivers for Novartis

OSlsoft Pl System as the Central DATA Layer

Novartis Critical Success Factors

Lights Out Manufacturing

Alkemy Innovation uses a Suite of Available Technologies and Tools to Support Optimal Data Analy
Alkemy Innovation Bioreactor Data Analytics with Multiple Devices

Alfa Laval ThinkTop Controls and Monitors Pneumatic Valves

AVK InterAPP Valves for Bachem AG

Buerkert has Software and Components for Pharama lloT and Remote O&M

Burkert Device Cloud Remote Monitoring, Data Acquistion & Worldwide Alarming
Buerkert Pneumatic Process Interface

COPA-DATA UK: Pharma should be Moving to Open Automation Software

Danaher Pall Provides Single Use Systems with Automation

Danaher- Hach TOC Analyzers for Trihalomethane Excursions

Danaher Chemtreat has a Wide Range of Chemicals for Pharma Water and Wastewater as Well as /
Danaher Chemtreat Monitoring and Control

Simplifying Monitoring of Chromatography, Fermentation, Phase Separation and Filtration with E+|
Emerson Valves in Pharma Applications

Pharma Company Benefits from Emerson Wireless

Emerson Fisher Control Valves at Indena Anti-Cancer Compound Plant Automation, Italy
Evoqua Supplies Solution to Healthcare Manufacturer

ITT Partnering with Pharma Companies to Improve Valve Maintenance

ITT Diaphragm Valves
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Largest Semiconductor Purchasers
Largest Semiconductor Purchasers
Largest Semiconductor Purchasers

Largest Semiconductor Purchasers

LEWA Diaphragm Pumps (EHEDG approved)

LEWA Hygienic Designs - Maximum Cleanability

LEWA's Membrane Pumps Technical

Examples of LEWA Bio/Pharm Systems

Cell Rupture/Homogenization Pump/System

LEWA Diaphragm Pumps Designed for Lowest Total Cost of Ownership
Smart Condition Monitoring from Mitsubishi Electric

Pharma Presentations at OSlsoft 2017 User Conference

Rockwell Eliminates Contamination problem for Sterile Injectables Manufacturer
Saunders- VUE (Automation Portfolio)

Saunders- VUE (Automation Portfolio, cont.)

Saunders - VUE (Value Proposition)

Saunders - VUE (Features)

Saunders - VUE (Key Selling Features)

Samson Valve High Control Accuracy in Pharma

Seeq is the Google of Industrial Process Data

Seeq Harnessing the Power of Available Data

Seeq - Choose the Right Data Manaagement and Visualization Components
SchuF Valves with P.A.T. Technology

SchuF Valves with P.A.T. Technology Dual-Probe Sensors

ScuF Valves with P.A.T. Technology - LiquiSonic Sensor from SensoTech
SensoTech Monitors Concentrations in Pharma Applications

SensoTech Monitors Concentrations in Pharma Applications, cont.
Thermo Fisher Aquires Finesse to Provide Scalable Control Automation Systems for Bioproduction
Thermo Finesse Smart Factory

Finesse Single Use Sensors for Bioreactors

Thermo Process Mass Spectrometer

Process Mass Spectrometry Advantages in Analyzing Drying Processes
Veeva Fault Unifies Global Data, Content and Processes across Clinical Operations in a Single Cloud
SEMICONDUCTOR INDUSTRY

lloT Market Coverage from Components to Cloud Systems

lloT Purchases by Electronics Companies $ billions

Semiconductor Room and Space Forecasts

Semiconductor Cleanroom Components $ millions

Scrubber Purchases $ millions (Electronics)

Ultrapure Water Purchases $ 1000s - All Industries

Ultrapure Water Purchases $ 1000s

Pump Forecasts $ millions (Electronics)

Valve Revenues $ millions (Electronics)

Semiconductor Supplier Market Shares

1Q15 Top 20 Semiconductor Sales Leaders ($M, Including Foundries)
TSMC is Largest Chip Manufacturer

TSMC has 56% Foundry Market Share
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TSMC Water and Energy Improvements

TSMC Water Treatment

TSMC Watewater Treatment

TSMC Air Pollution Control

TSMC Facilities

TSMC Projects have been Reported in Mcllvaine Publications since 1987

TSMC is Moving to 5nm Production by 2020

Remote Monitoring and Quick Response to Imprive Semiconductor Equipment Productivity
The Challenge of Monitoring Multiple Supplier Systems and Multiple Fabs

Critical Issues in Gas Delivery for Advanced Semiconductor Processing

Integrated Fab Data Systems Track Health of Gas Delivery Systems

Applied Energy Systems Gas Delivery

Brooks Instruments Provides DLI Vaporizers as well as Mass Flow Instruments
Dakota Semiconductor Gas Delivery System

Honeywell Supplies the Automation Software, Sensors, Logic Controllers and Smoke Detection Syst
Honeywell VESDA Automated Smoke Detection

Silica Removal for Semiconductor UPW

Incoming Water - Delonization

Water Purification - Resin Depletion

Theory of Operation

Energy Efficiency Synergy

New Age Motors - ECM

ECM Impediments

Let's Introduce a Cleanroom Application to Support Explanation of ECM Advantages
Styles of FFUs

Example 2x4 FFUs

Pro-ECM Basic Economic Advantage

FFU Controls, Basic to Variable to GUI Based Controllers w/Multi-Zone & Sensors
High Integration Controls Examples

Controls Stimulus #3 Sensors

For Cleanrooms, Where might Control Systems be Specified

Large Scale ECM & Controls Comparison

Fujikin-Carten

Lighthouse Measures Multiple cleanroom Parameters

MKS Instruments and Controls

MKS Microwave Plasma Subsystems

PureAir Monitoring Systems Provides Oxygen Monitoring where Low Levels must be Measured
TSI Facility Monitoring System

UCT- Turnkey Chemical and Gas Delivery Systems

NUCLEAR VALVES

The Industrial Internet of Wisdom will change the route to Market for Nuclear Valve Suppliers
Assistance to the Supplier

Nuclear Valve Study



NuVv
NuVv
NuVv
NuVv
NuVv
NuVv
NuVv
NuVv
NuVv
NuVv
NuVv
NuVv
NuVv
NuV
NuVv
NuV
NuVv
NuV
NuVv
NuV
NuVv
NuV

Ml
Ml
Ml
Ml
Ml
Ml
Ml
Ml
Ml
M
Ml
M
Ml
Ml
Ml
Ml
Ml
Ml
M
Ml

O 00 N O U b

10
11

N N N N NN R R R B R B RB @
U B W N P O © W N O U1 A W N

O 00 N O U~ W N L O

=
o

11
12
13
14
15
16
17
18
19
20

Markets
Markets
Markets
Markets
Markets
Markets
Markets
Markets
Markets
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers
Suppliers

AP 1000 Core Cooling System

Detailed Forecasts down to the Specific Valves Numbers of Valves for AP1000 Reactor Design by Ve
Numbers of Valves for AP1000 Reactor

Primary Loop Reactor Cooling System (RCS)

Secondary System Valves

Owner-Operator Personnel in Each Plant and in Each Role Need to Interconnect

Supplier and Utility Connect - BHE Makes Multiple Interconnections Possible

Many Individuals in a Supplier Company Interact with BHE (Valve Example)

Many Individuals at BHE Interact with the Suppliers (Valve Example)

Features of Networking Directories

Webinars Provide the Analysis by Linking Suppliers and Experts to the BHE Decision Makers
Powerful New Potential to Reduce Costs and Improve Operations

Decision Systems on Nuclear Power Plant Valves must Address the 4As: Alerts, Answers, Analysis al
Decision Systems Supported by Valve Companies Velan Example

Continuous Analysis of Problems - High Pressure Coolant Valve Failure Sept 24, 2017

User group Example - Motor Operated Valves

Digital Interconnection with Periodic Face to Face Meetings with a Decision System Foundation
Mug Approval for MOV Ling Life in Limitorque MOV's

Crane Motor-Operated Valve (MQOV) Capabilities

Motor-Operated Valve Regulatory Activities

2016 MOV Event Summary

New Way to Monitor Conditions of MOVs

MINING

The Mining lloT and Remote O&M Outlay in 2017 will be $11 billion Rising to $56 billion by 2030
Mining Revenues for the Largest Companies in 2015/2017

Relatively Few but Large Mining Companies

Global Sourcing Companies are Impacting Flow and Treat Sales

Mining Expenditures $ billions

Collaboration is the Cornerstone of lloW

Treatment Chemicals are Important Factor in Mining lloT

llot Already Established with Autonomous Ming Trucks

Rio Tinto Mine of the Future

Mining Industry is Moving Forward with lloT

ABB Remotely Monitors and Controls Dragline Health

Model based Predictive Control Algorithm used for Andritz Thickener in Mining

Flotation Control System from Andritz

BAGGI Control Reagent Rate and Aeration in Flotation System

Cisco Connected Mining

Cisco Connected Mining Solution in use at Goldcorp

Cisco EttF installed in all Process Plants of Anglo Platinum

Eaton Provides many Products and Services for Mining

Eaton Wireless Monitoring for Surface and Underground Operations

Self Cleaning Filters for Process and Water Intake can be Cintinuously Monitoredand Cleaning Cycle
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VOC Treatment Examples
VOC Treatment Examples
VOC Treatment Examples
VOC Treatment Examples
VOC Treatment Examples
VOC Treatment Examples
VOC Treatment Examples
VOC Treatment Examples
NOx Examples

NOx Examples

NOx Examples

NOx Examples

Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples

Emerson's Online Machinery Health Minitoring helps Phosphate Mine Protect Critical Assets, avoid
Evoqua has a Diversified Range of Mining Equipment with Remote Monitoring Capabilities for each
FLSmidth Process Expert System for Grinding and Flotation

Grundfos Pumps for In Situ Leaching

Honeywell

Howden Software and Monitoring Provide Mine Ventilation Solution

Howden - Level 5 Optimization Delivers the Right Amount of Air and eliminates Energy Waste
ITT I Alert 2 Equipment Health Monitor for Mining Valves and Pumps

Kemira has Solutions

Nalco Remotely Monitors and Controls Deposition at a Gold Mine

Siemens

Gold Mining Operation more Profitable with Solenis Chemicals - Reason Less Downtime for Cleanin
Symboticware offers Underground Mining Solution

Xylem Mining Portfolio-The Potential with IloT to Leverage the Capabilities of many Products in an
Xylem, cont.

AIR POLLUTION CONTROL

Participants

lloT is a $300 billion Potential for Air Pollution Suppliers

APC Remote Operation

Beta Site to Further lloW

Thermal Gas Treatment and lloT

Thermal Gas Treatment and lloT, cont.

Fabric Filter - Control of Operations and Inventory

Power Plants are Largest lloT Opportunity

Combustion and Vapor Recovery IloT Solution from Honeywell and Aereon Collaboration
Aereon Automation Services

Aereon Provides Turnkey Maintenance Services

Aereon Technical Services

Koch Remote Vapor Control Monitoring

Durr Energy Performance Contracting Reduces Soliant Contract Coating Costs

LumaSense Flame Measurement for Oxidizers

LumaSense flare Monitoring

Siemens has NOx Control Solutions based on Furnace Sensors

Emerson has Optimization Systems based on Disturbances

Emerson System at Ameren Provides Very Low NOx leaving the Furnace

NOx Control Inventory Management and Telemetry Services from Yara

Daikin Fusion Overview

Daikin Fusion to Create New Value in the Air & Environmental fields with Wisdom and Passion
Daikin is Aggressively Pursuing lloT for HVAC

Daikin Intelligent Equipment for HVAC can be Integrated with APC lloT

Daikin Applied Already Incorporates Filter and Fan Health Analysis

APC and Applied AC Serve the Same Market

Some of the Biggest Synergies are in China
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Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples
Daikin & Other Examples

Overview

Overview

Overview

Overview

Overview

Overview

Overview

Overview

Overview

Overview

Overview
Sedimentation&Centrifugation
Sedimentation&Centrifugation
Sedimentation&Centrifugation
Sedimentation&Centrifugation
Sedimentation&Centrifugation
Sedimentation&Centrifugation
Sedimentation&Centrifugation
Sedimentation&Centrifugation
Liquid Filters

Liquid Filters

Liquid Filters

Liquid Filters

Liquid Filters

Liquid Filters

Liquid Filters

The Pharmaceutical and Power Industries Present Major Opportunities

New APC Technologies Recover Exhaust Heat and can Leverage Daikin Heating/Water Business

Daikin Already Expanding into Air Environment Engineering

The Present Pursuit of Differentiated Products will be Expanded by Focusing on Smart Products anc

Daikin Solves HVAC Problem when a Better Solution may have been Available with a Holistic Appro

Big Potential to Control Dust Hood Capture Air
Holistic Approach Incorporated Make Up Air and Exhaust
FLSmidth has the Plant Systems and APC

B&W is in an Ideal Position to Deliver lloT and Remote O&M for a Range of Products and Industries

B&W All Acoustic Leak Detector System

B&W Already Supplies CEM Systems with Continuous Reporting of Emissions
B&W Working with Yokogawa for Recording Performance of RTO's Supplied by Megtec
B&W can also Remotely Operate and Control Waste to Energy Plants

B&W Provides Training in a Number of Related Technologies

B&W now has Acoustic Emission Control and Filtration Systems for Engines
FILTRATION AND SEPARATION

Participants - Hot Topic Hour March 30, 2017

Filtration and Separation lloT and Remote O&M

Filtration & Separation lloT & Remote O&M Market

Some Industries Already Moving Forward

Many Suppliers are Moving into Smart products

Relative Market Size by Segment

Suez with GE Water is Positioned to be an lloT Leader

GE and Suez Degremont Synergies

Suez Already has Remote Monitoring Center

Andritz Automation Provides Remote Monitoring and Control for Pulp and Paper Plants
Andritz Fibervision Applications in Paper Processes

Leveraging Pulp and Paper Filtration Expertise

Sedimentation and Centrifugation is a Robust IloT and Remote O&M Market
Sedimentation & Centrifugation lloT and Remote O&M Revenues

Model Based Predictive Control Algorithm used for Andritz Thickener in Mining
Flotation Control System from Andritz

GEA Centrifuge Automation and Remote Monitoring with Wewatch

System Components need to be Monitored

Centrisys Remote Monitoring System

Alfa Laval Biosolids Automated Dewatering

Mann & Hummel Developing Smart Filters

Donaldson Remotely Monitors Bulk Filtration Systems

Remotely Switch Fuel filters

Restaurant Technologies Monitors Fryer Filters

Remote Filter Analysis for Condensate Return Filters at Hundreds of BHE Plants

BHE has Hundreds of Lubrication Systems which can be Tracked with Condition Monitoring]

BHE Connect is an Example of the Plant Interconnection Needs of lloW
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Liquid Filters
Liquid Filters
Liquid Filters
Liquid Filters
Liquid Filters
Liquid Filters
Liquid Filters
Liquid Filters
Liquid Filters
Liquid Filters
Liquid Filters

Eng.&Turbine Air Inlet

Filtration

Eng.&Turbine Air Inlet

Filtration

Food Processing
Food Processing
Food Processing
Food Processing
Food Processing
Food Processing
Food Processing
Food Processing
Food Processing
Food Processing
Food Processing
Food Processing
Food Processing

Food Processing

Overview
Overview
Overview
Overview
Overview
Overview
Overview
Overview
Overview
Overview
Overview
Overview
Semiconductors

Semiconductors

Andritz Brainwave Hyperbaric Filter Control System

Remote Monitoring for Reverse Osmosis and Nanofiltration Systems

Evoqua Offers Process Monitoring for Filtration and Separation Systems

GEA Predictive Maintenance Tools

Nalco 3D TRASAR

Advantages of 3D TRASAR

Support Services from Nalco

U.S. Water Program Prevents Fouling by Determining Key Performance Indicators
Normalized KPIs Remotely Monitored with U.S. Water SMART

GE Insight Analyzes Water Treatment Problems

Insight Facilitates Collaboration
Gas Turbine Inlet Filter Monitoring is just Part of the Larger Package

Gas Turbine Inlet Filter Monitoring Is Important
Market Potential for lloT in Food and Beverage

Granular Breakout of Filtration revenue by Type, within Industry, Mil$

Companies which can Leverage Multi Divisional Activities to Build lloT in Food Filtration and Separa

Alfa Laval

Andritz

Danaher can Leverage Pall Knowledge

Pall

Food & Beverage Strategy

Eaton range of Filtration Equipment and Consumables for Food and Beverage
Eaton Focusing on lloT

Eaton has Electrical sales of $12 billion

Eaton has Smart Circuit Breakers

Eaton Lighting Activities can also be Leveraged

Eaton has Intelligent Valves as Well

CLEANROOMS

Cleanroom lloT and Remote O&M Market will Exceed $11 billion in 2026
Cleanroom Revenues

Cleanroom Revenues, cont.

Berendsen has an lloT Opportunity with its own Laundries and Customer Facilities
Vaisala Continuous Monitors Keep Pharma Cleanrooms Audit Ready

Terra has Wireless Control System to Minimize Cleanroom Fan Energy Consumption
Lighthouse Software Provides Tracking of Air Cleanliness and Conditions
Mahindra Remotely Monitors Indian Cleanrooms

Envirco Controls Air Flow in Cleanroom Filtration System

ABB is Involved from Products through Complete lloT Solutions

ABB's Comprehensive lloT Solutions

ABB's Comprehensive lloT Solutions, cont.

lloT will allow Smaller Chip Companies to Compete

Semiconductor Manufacturing will lead the Way to llot for Other Industries



CL 15 Semiconductors Semiconductor Manufacturing will integrate Cleanroom lloT as Part of a Much Larger Effort
CL 16 Semiconductors AGS Moving to Data Driven Analysis with IloT to help make Maintenance Decisions
CL 17 Suppliers Danaher - Met One Facility Monitoring Systems Integrated with Enterprise Information Systems
CL 18 Suppliers Danaher Optimistic About IloT Potential

CL 19 Suppliers Danaher's Opportunity

CL 20 Suppliers Dickson Sensaphone Remote Monitoring Systems

CL 21 Suppliers SenseGrow

CL 22 Suppliers SenseGrow lloT Platforms

CL 23 Suppliers ThermoFisher Wireless Monitoring for Cleanroom Laboratories

CL 24 Suppliers TSI Continuous Monitoring Systems for Cleanrooms

CL 25  Suppliers TSI has New Wireless Velocity and Pressure Measurement Solutions

CL 26  Suppliers Cleanroom Garment Management and other Onsite Services from VWR

T 0 ULTRAPURE WATER

ULT 1 Overview Ultrapure water lloT and Remote O&M Market will Exceed $800 million in 2026
ULT 2 Overview 2026 Forecast by Industry Segment -Smillion

ULT 3 Overview Asia will Dominate the Market

ULT 4 Overview Kurita Example - Coordinating Automation with Products and Services

ULT 5 Overview Kurita Supplies the Chemicals Dictated by lloT System

ULT 6 Overview Kurita System

ULT 7 Overview Suez could become the lloT UPW Leader

ULT 8 Overview Veolia adds Mobile Fleets to Dispatch Based on Data Analytics

ULT 9 Overview Pump, Valve and Chemical Companies will Share Cloud System

ULT 10 lloT Empowered by lloW lloT Empowered by lloW

ULT 11 lloT Empowered by lloW Ultrapure Water Journal, CCJ, and Mcllvaine as Three lloW Reservoirs

ULT 12 lloT Empowered by lloW GWi - Ultrapure

ULT 13 lloT Empowered by lloW Gwi - Ultrapure, cont.

ULT 14  lloT Empowered by lloW Conferences

ULT 15 lloT Empowered by lloW Why is Accurate Steam Sampling Critical for Power Plants?

ULT 16 lloT Empowered by lloW What Lessons can be Learned from Steam Generation Chemistry Control and Monitoring Failures?
ULT 17 lloT Empowered by lloW New Techniques for Real time Monitoring of RO Integrity for Virus removal

ULT 18 lloT Empowered by lloW Addison Tells CCJ that you need to Monitor Iron Levels

ULT 19 lloT Empowered by lloW Addison Paper Linked from Mcllvaine's Global Decisions Orchard to CCJ

ULT 20 Suppliers ABB's Comprehensive lloT Solutions

ULT 21 Suppliers ABB's Comprehensive lloT Solutions, cont.

ULT 22 Suppliers ABB Conductivity Analyzers

ULT 23 Suppliers Monitoring Silica - ABB

ULT 24 Suppliers Parameters and Locations for Monitoring Demineralization Plants - Rob Terrell of ABB
ULT 25 Suppliers Controller Parameters - Rob Terrell of ABB

ULT 26 Suppliers Key Monitoring Parameters - Rob Terrell of ABB

ULT 27 Suppliers Enhanced Demineralisation Needs - Rob Terrell of ABB

ULT 28 Suppliers Danaher Optimistic About lloT Potential

ULT 29 Suppliers Danaher's Opportunity

ULT 30 Suppliers Danaher Hach Liquid Particle Counter with Remote Monitoring
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Danaher - Met One Facility Monitoring Systems Integrated with Enterprise Information Systems
Endress + Hauser is Focusing on lloT

E+H Using Digi Wireless Sensors in for Harsh Environments

Endress & Hauser Plant Asset Management

E+H and Gerrie Electric Extend lloT in Canada

Envirogen Remotely Monitors lon Exchange System

Predictive Diagnostic System from Hach

Mettler Toledo lloT

Mettler Toledo in Touch Remote Services

Mettler Toledo has Intelligent Sensor Management for Pharmaceutical Water
Mettler Toledo Data Analytics

Swan Continuous Conductivity Monitoring

Veolia Remote Monitoring

Yokogawa Conductivity Monitoring to Detect lon Exchange Resin Damage in UPW Systems
PUMP

lloT is Creating New Market Paths to the Pump Market

Pump Company Success Depends on Knowledge

The Role of High Performance Pumps in lloT

High Performance Pumps

Total Industrial Pump Revenues in 2030 are Projected to be $80 billion

Pump Revenues

Revenues Attributable to lloT and Remote O&M - 2030

Increase in Revenue from lloT

Digital Process Management Scope

Supply Hierarchy and Scope

Seizing the Opportunity

Gas Turbine Pump lloT Opportunities

Changing Paths to Market

End Users

Gas Turbine Plant and Process Providers

Automation Suppliers

Pump Industry Should Lead not Follow

O&M Third Party Providers

Schneider Electric Makes Pumps Smart

Smart Pumping Systems Along with lloT Reduces the Total cost of Ownership
KSB Pumpmeter Provides Comprehensive Monitoring

Pumpmeter and PumpDrive in the Digital Industry

KSB System Efficiency Services

Computerized Maintenance Management Systems Provide Lower Total Cost of Ownership
Paper Mill Bleach Plant Eliminates Oversized Pump Problem with Systems Based Solution from ITT
Grundfos Remote Management

Sulzer Remote Pump Monitoring

Altizon Platform for Remote Pump Monitoring



PU 29 Weir Synertrex Monitoring Flow Control Equipment at a Platinum Mine

PU 30 Flowrox Smart Solutions

PU 31 Colfax Screw Pump Monitoring

T 0 THIRD PARTY SUPPORT FOR POWER PLANT OPERATIONS AND MAINTENANCE
THI 1 GE Incorporates Remote Monitoring into Third Party Services

THI 2 GE Services, cont.

THI 3 ProEnergy Renews Large Ameren Contract

THI 4 IHI has Flexible Suite of O&M Services

THI 5 Uniper and India Power Joint Venture for Power Plant Services

THI 6 Uniper/India Power will Offer Specialized Services

THI 7 Wood Group will be O&M Provider for CAES Plant

THI 8 Ethos Energy Supplies a Range of O&M Services

THI 9 EDF Maintains and Operates many Renewable Energy Facilities and Sub Stations
T 0 SOFTWARE PROGRAMS

SOF 1 Schneider Electric Wonderware System Platform Industrial Automation Solution
SOF 2 Schneider Electric Enterprise APM Solutions

SOF 3 Schneider Electric Enterprise Control System

SOF 4 GE Digital

SOF 5 Wind River (Intel)

SOF 6 Huawei ICT

SOF 7 Bosch Software Innovations

SOF 8 SoftDEL

SOF 9 OSISoft

SOF 10 Seeq Interactive, Visual Tools to Analyze Industrial Process Data

SOF 11 Valvkeep and OSHA 29 CFR1910.119 para. (d) aka Process Safety Management
SOF 12 ValvKeep Lays the Foundation for Remote O&M

SOF 13 Donaldson Remote Monitoring of Bulk Filtration Systems

SOF 14 Assetscan Used by Donaldson to Monitor Filters on Off Road Vehicles

SOF 15 Analysis of loT Pump Opportunities by John Hilberg of Accudyne

SOF 16 AMI

SOF 17 Meshify loT Solutions for Pumps and Other Flow Control and Treatment Processes
SOF 18 Decisive Classification is the Key to Integration with software

SOF 19 Platform Levels and Why Level 3 is the Future

SOF 20 Venture Capital Backed New Entries in lloT

SOF 21 Venture Capital Backed New Entries

T 0 PROGRAMS AND PLATFORMS

PG 1 Eaton - Demand Response Solutions

PG 2 BHE - IES 10T

T 0 REMOTE MONITORING INCLUDES SUPPLIERS

REM 1 Remote Monitoring Services

REM 2 Remote Monitoring Service Architecture

REM 3 Remote Monitoring with Service in the Cloud

REM 4 Bringing in the Suppliers for Maintenance Expertise
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MHPS in Remotely Monitoring Coal Fired Plants from the Philippines

MHPS Monitoring Gas Turbine from Orlando

MHPS Combining OSlsoft Monitoring Software with Cloud Based Analytics in Strategic Alliance
Remote Water Chemistry Control

Nalco Data Management for Cooling Towers

Sensor Improvement Enhances Remote Monitoring Mettler Toledo

EDF Monitors and Maintains Renewable Energy Facilities

SKF Supplying Remote Monitoring Services for a Fleet 53 Tankers

ConnectM

Remote Maintenance is Achieving Success in Some Segments and will Rapidly Spread to Others
PROCESSORS

Schneider ePAC Controller Managed from Open Ethernet Backbone

Schneider Electrictic TM Remotely Monitors DCS Performance

Rockwell Mobility Collaboration

Yokogawa Focus on Process Automation Controlling Gases and Liquid

SCADA Systems

SCADA is the Glue for lloT
SCADA Digitalization though Data Management, Information Management, Energy Management, [
Communications

Digitalization with SCADA through Data Management
Data Management Logging

PLC Logging-Data Archiving

SCADA Logging - Local Archiving

Process Historian - Comprehensive Archiving

SCADA Digitilization through Information Management
Information Server

Web-based Operator Control and Monitoring
Standard, Modern Web Browser

Achieve Digitalization through Energy Management
Intelligent Energy Management

Energy Monitoring Software

Diagnostics Management

Open Communication

OPC Unified Architecture (UA)

Transparent Operation

Industrial Data Bridge

ExxonMobil's Plan for the Future of Process Automation
Eaton DR Evolution - Products & Solutions

Eaton - Grid Automation - Substation to Home
Kontron Second Largest ECT Provider

MEMORY

Reliable Flash Storage for IloT - Cactus

Cactus Industrial Grade Flash Storage
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WATER TREATMENT CHEMICALS

Water Treatment Chemical Companies will Play a Leading Role in lloT and Remote O&M
Specific Opportunities

Leveraging lloT Will Increase Revenues

Large Potential of Specialty Chemical companies

Water Treatment Market by Chemical Type

Expanding to Process Knowledge

Major Markets

lloT Already Established

Ancillary lloT Related products and Services

Where Should WTC Companies Take the Lead?

Challenges and Threats

Competition

Water Treatment Chemicals Will Generate Large lloW Revenues

Knowledge Tier

Leveraging Chemical and Process Knowledge

Interconnection with Many Groups Needed

WTC Companies are Selling wisdom

Kemira Offers Remote Monitoring with Expert Support

Kemira has Remote Monitoring and Control for Both Water and Wastewater
Kemira Solves Wastewater Problem with Flow Paced Dosing and Real Time Monitoring
Improvement in Solids Dewatering by 5 Percent

Improving Online Monitoring and Alert Systems

Automation System Layout

Buckman Controllers Configured with OnSite

Buckman Combines Chemistry and Equipment Knowledge at Ponderay Newsprint
Optimizing Flotation with Remote Chemical Adjustment

Kurita Example - Coordinating Automation with Products and Services

Kurita Supplies the Chemicals Dictated by lloT System

Kurita System

Suez could become the lloT UPW Leader

Danaher Optimistic About IlloT Potential

Danaher's Opportunity

Danaher Hach Liquid Particle Counter with Remote Monitoring

Danaher - Met One Facility Monitoring Systems Integrated with Enterprise Information Systems
Andritz Automation Provides Remote Monitoring and Control for Pulp and Paper Plants
Andritz Fibervision Applications in Paper Processes

Andritz

Andritz Brainwave Hyperbaric Filter Control System

DATA ANALYTICS

Key Opportunities for Data Analytics

Variables Impacting Emissions and/or Emissions Reductions

Approaches to Data Analytics



DAT 4 Areas to Apply Data Analytics
DAT 5 Opposing Variables Makes it a Challenge
DAT 6 Holistic Optimization Approach
DAT 7 Analytic Approaches (Experienced-based ModelsO
DAT 8 Analytic Approaches (Data-based Models)
DAT 9 Analytic Approaches (Physics-based Models)
DAT 10 Analytics Approaches (Hybrid Models)
T 0 THE INTEGRATION OF DECISION SYSTEMS WITH REMOTE MONITORING AND PLANT SOFTWARE
DEC 1 Sequence of Decision Making from Machine through Four Levels of Contributors
DEC 2 The Types of Decisions which can be Made with the Benefit of Remote Monitoring
DEC 3 The Four Knowledge Needs and Role of Remote Monitoring
DEC 4 Decisive Classification is the Key to Integration with Software
T 0 ELECTRONICS
Ele 1 Electronics - $ billions
Ele 2 Electronics Manufacturers are Moving Ahead with lloT
T 0 STONE
ST 1 Stone - $ billions
ST 2 Fives
T 0 OTHER INDUSTRIES
(o] 1 Other Industries - $ billions
T 0 PULP & PAPER INDUSTRY
PuP 1 Pulp & Paper Empowering lloT with llowW
PuP 2 Table of Contents
PupP 3 Markets Forecast of Sales to the Pulp and Paper Industry
PuP 4 Markets Forecast of Purchases for 550 Major Producers
PupP 5 Markets Pulp and Paper Manufacturers 2018 Guide, Control and Measure Purchases $ million
PuP 6 Markets Measure Markets
PupP 7 Markets Pulp and Paper Manufacturers 2018 Analyzer Purchases
PupP 8 Markets Pulp and Paper Industry Forecast
PupP 9 Markets U.S. Pulp and Paper Output Down 3.9 billion Tons for 2013-16
PuP 10 Markets U.S. Paper Consumption 2017-21
PuP 11  Markets U.S. Exports of Pulp Lower than 2011
PupP 12 Markets Global Forest Product Companies Income to Rise 2-4% over 18 Months
PupP 13 Markets Paper Board Production- Consensus View
PuP 14  Markets Paper & Board Production
PuP 15 Markets Market Pulp Demand Growth Remains Geared to China
PuP 16  Markets Market Pulp Capacity 2013 & 2014, - 2018
Analysis Pulp & Paper
PuP 17 Company Leading Pulp and Paper Suppliers by Tons of Production
Analysis Pulp & Paper
PuP 18 Company Top 100 Global Forest, Paper & Packaging Industry Companies (U.S. $ millions)
Analysis Pulp & Paper
PuP 19 Company Top 100 Global Forest, Paper & Packaging Industry Companies (U.S. $ millions), cont.

Analysis Pulp & Paper
PuP 20 Company 2015 Capacity Developments
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Analysis Pulp & Paper

Company
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
International Paper
Stora Enso

Stora Enso

Stora Enso

Stora Enso

Stora Enso

Stora Enso

Stora Enso
WestRock
WestRock
WestRock
WestRock
WestRock
WestRock
WestRock
Weyerhaeuser
Weyerhaeuser
Weyerhaeuser
Weyerhaeuser

Weyerhaeuser

2016 Capacity Developments

International paper Repositioning and Automating

Global Cellulose Fibers

Full-Year 2016 Financial Results

First Quarter Outlook

Maintenance Outages Expenses

Geographic Business Segment Operating Results (Quarterly)

Geographic Business Segment Operating Results ((Annually)

Total Cash Cost Components

U.S. Chemical Composite Cost Trend 4Q16 Average Cost Up 3% vs. 3Q16
2017 Global Comsumption (Annual Purchase Estimates for Key Imputs)
Water Permits Provide Valuable Information-International Paper Olympia Washington---2015
Building the Case for Asset Framework at International Paper

Digester Production Calculations

Build the Calculation Template

Asset Framework (AF) Calculation Conversion Benefits

Case #2: Downtime Tracking

Report Output

Future Downtime Data Flow

Case #3: Tracking (Energy) Consumption

Monthly Summary

In the End, All the Effort IS Worth It

Rick Smith

Plant Locations and Operations

Pulp Demand Deeps growing, Especially in Segments Selected in Stora Enso Strategy
Transformation Journey

Capital Allocation

Thermo Fisher Photometric Analyser

Thermo Automated Discrete Phtometric Analyzer for Silica and Phosphate at Stora Enso
Thermo Fisher Gallery at Stora Enso

WestRock Overview

Update on Q3 FY17 Activities - Executing on our Strategy

Disciplined Capital Allocation Strategy Focused on Value Creation at 3/31/17
Focusing the WestRock Portfolio

Q2FY17 Adjusted Segment Sales, Adjusted EBITDA and Adjusted EBITDA Margin
Q2 FY17 Packaging Shipments Results

Key Commodity Annual Consumption Volumes and FX by Currency
Weyerhaeuser Facilities

Weyerhaeuser Biomass Activities

New Water Limits being Promulgated by States

Guide

Guide Examples



PupP 63 Weyerhaeuser Accenture Helps set the Course for Large Pulp Company

PuP 64 Weyerhaeuser Andritz Fibervision Applications in Paper Processes

PupP 65 Weyerhaeuser Buckman Combines Chemistry and Equipment Knowledge at Ponderay Newsprint
PupP 66 Weyerhaeuser Optimizing Flotation with Remote Chemical Adjustment

PupP 67 Weyerhaeuser Emerson Digester Process Control is a Demonstration of Deep Process Knowledge
PupP 68 Weyerhaeuser GE and Kemira have Distribution Agreement for InSight Knowledge Management to the Pulp Indus
PupP 69 Weyerhaeuser Kemira Offers Remote Monitoring with Expert Support

PupP 70 Weyerhaeuser Kemira Total Chemistry Management

PuP 71  Control Control

PupP 72 Control ABB Collaborative Production Management System at KPAQ

PupP 73  Control Andritz Automation Provides Remote Monitoring and Control for Pulp and Paper Plants
PupP 74 Control Buckman Controllers Configured with OnSite

PuP 75 Control Automation System Layout

PuP 76  Control Emerson Digester Control Systems

PupP 77  Control Emerson Pulp and Paper Transmitter

PuP 78 Control Finch Paper Using Honeywell Experion PKS

PupP 78 Control Ontario Pulp Mill Using Honeywell Control Performance Monitor

PupP 80 Measure Measurement Products and Suppliers

PuP 81 Measure Ashcroft Pressure Instrumentation

PupP 82 Measure Berthold Radiometric Belt Weigher for Recycled Paper

PupP 83 Measure Berthold Using Microwave Technology to Measure Chip Moisture

PupP 84 Measure E+H pH Measurement in Fibrous Media

PupP 85 Measure Emerson Magnetic Flow Meter Addresses Variability in Paper Quality

PuP 86 Measure FCI Thermal Dispersion Level Switch for Black Liquor

PuP 87 Measure Intek flow Meters and Switches for P&P

PuP 88 Measure Kurz Flow Meter Application on Gases in a Pulp Mill

PuP 89 Measure Magnetrol Provides Level and flow Control

PupP 90 Measure Magnetrol Level Switches for Pulp Chips

PuP 91 Measure Themo Fisher Density Gauge

PuP 92 Measure Thermo Fisher TRS Monitor

PuP 93 Measure Yokogawa Measures Flow and Consitituents

PupP 94  Measure Yokogawa Measurement of Alkali Concentration

PupP 95 Measure Kokogawa Pulp pH Measurement

PupP 96 Measure Liquid Products and Suppliers

PupP 97 Liquids Andritz

PuP 98 Liquids Andritz Brainwave Hyperbaric Filter Control System

PuP 99 Liquids Chemtreat Water Treatment Control System

PuP ##  Liquids Dezurik Valves for Repulping and Paper Machines

PuP ##  Liquids Stock Preparation Valves

PuP ##  Liquids Filtration Group - Mahle Filters for Pulp and Paper

PuP ##  Liquids Filtration Group - Lubricant, Back Up Power Fuel Conditioning and Hydraulic Fluid Filtration
PupP ##  Liquids Emerson Pentair Valve

PuP ##  Liquids Fisher Control Valves
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Powders

Markets
Markets
Markets
Markets
Markets
Markets

GE Valves for Pulp and Paper

GEA Heat Exchangers for Pulp and Paper

GEA Collaboration to Improve Microfibrillated Cellulose Process
Nederman Filter Media and Filters for P&P

Pall Filters for Bleaching and Paper Machines

Samson Valves to Control Fibrous Flow

Solenis Chemicals for P&P

Spray Controllers Optimize Automatic Nozzle Performance

Spraying Systems Pulsalet Manifold for Precision Spray Control Applications
Sulzer, Recycled Fiber Line, Paper Machine, Water, and Power
Sulzer - Pumps and Mixers for Pulp and Paper

Sulzer Chemical Recovery and Mechanical Pulp Lines

Xylem Ozone Systems for Bleaching and Wastewater

Xylem Ozone Systems in Use at Fibria

Wisconsin Rapids Mill Uses Xylem Underdrains and Media Retainers
Xylem Cross Flow Membranes Used in Multiple P&P Applications
Filtration group Clear Edge Systhetic, Spiral, and Metal Belts and Cloths for Pulp and Paper
Valmet Disc Filter Bags

Valmet Pulp Dewatering Wires and Fabrics

Examples of Emission Processes and Suppliers

Festo Controls and Emin Ledier

Filtration Group (Purafil) Air Filtration for Corrosion Protection
Freudenberg Supplies Pellets for Air Contaminants

GE Turbine Control System for Recovery Boiler

GE Precipitators and Scrubbers in Pulp and Paper

Stora Enso Ventilation Improvement with TM Systems

IVI Turnkey Ventilation Systems for Converters

Powders

Clyde Bergemann Material Handling in P&P

Kason - Wood Preparation Screens

Kason Screens - Cooking Liquor

Kason Screens - Fiber Recovery

Kopar Conveying Mill Powders and Combustion Ash

KWS Conveyors, Feeders, Bins

Pulp & Paper Empowering lloT with llowW

GAS TURBINES AND RECIPROCATING ENGINES

Gas Turbine, Reciprocating Engine lloT & Remote O&M Overview
Gas Turbine, Reciprocating Engine lloT & Remote Markets for Components
lloT is Creating New Market Paths to the $100 Billion Gas turbine Repair, Replace and Service Mark
Market Segmentation by Major Component

Valves and Pumps Lead Component Purchases

Drivers Impacting Product Markets

Regulatory Drivers
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Markets

Markets

Markets

Support Program
Support Program
Support Program
Support Program
Support Program
Support Program
Support Program
Support Program
Support Program
Support Program
Software

Software

Software

Software

Software

Third Party O&M
Third Party O&M
Third Party O&M
Third Party O&M
Third Party O&M
Third Party O&M
Remote Monitoring
Remote Monitoring
Remote Monitoring
Remote Monitoring
Remote Monitoring
Remote Monitoring
Remote Monitoring
Remote Monitoring
Remote Monitoring
Remote Monitoring

Remote Monitoring

Individual Co. Opportunities
Individual Co. Opportunities

Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications

Engine Applications

Gas Turbine Opportunities for Valve Companies Shaped by lloT

Multiple Gas Turbine Valve Purchasers with lloT

Inlet air Filter Monitoring can be Combined with Digitized Sourcing Programs

Gas Turbine Product and services Enhanced by lloT

This Program will Help you Make the Paradigm Shift caused by lloT and Remote Monitoring
Example of Bi Weekly7 GT Supplier Alert

Monthly GTRE Update

Projects Updated Every Few Weeks. Here is Update for November 26, 2016

Details on GTCC in Each Country

IloT and Remote O&M Programs Allow the Large Owners to Coordinate Operations Across the Flee
Lots of Data Relative to each Component has to be Gathered in a Digital Process Management Prog
Operating ZLD Systems from Mcllvaine GTCC Supplier Program

New ZLD Projects from Mcllvaine GTCC Supplier Program

AEP Monitoring with IBM Maximo and Siemens PrismMoni

ABB Symphony Plus DCS for Collection and Analysis of Plant Data

Schneider Electric ios Providing Comprehensive Services for Power Plants

C310T Platforms Used at all 24 ENGIE Business Units

AECC Replaces CEMS with Predictive System for Seven Gas Turbines

Turbine Services Supports Sites with Different Make Turbines

ProEnergy is One of Many Third Party O&M Firms and the Trend is Accelerating

IHI has Flexible Suite of O&M Services

NRG Energy Services can Provide Digital Process Management and Remote Monitoring of its Own ¢
NRG Energy Services Providing O&M to Golden Spread for Two Large Gas Turbine Plants
Wood

Remote Monitoring

Remote O&M, Data Analytics and Subject Matter Experts

Laborelec (ENGIE) has Remote Monitoring and Niche Expertise Capability

Ethos Energy Operates Monitoring and diagnostic Center

Siemens Monitors More Than 9,000 Turbines at its European Data Center

GE Gas Turbine Remote Monitoring Center

Ansaldo Remote Monitoring and Diagnostic Center

IHI Remote Monitoring Center for Gas Turbines

MHPS Supplies recordes of Daily Activity and Insights on Performance and Availability
Parker has Condition Monitoring for Gas Turbines

Parker Condition Monitoring for Gas Turbines

Braden

Bershire Hathaway

Diesel and Natural Gas Internal Combustion Generators by State

Drivers for the Growth in Use of Gas for Power Generation

Factors Favoring Growth in the Use of Stationary Engines for Power Generation

Age of Gas

Natural Gas Production by Type

Developing Countries will have Greatest Growth in Consumption



GsT
GsT
GsT
GsT
GsT
GsT
GsT
GsT
GsT
GsT
GsT
GsT
GsT
GsT
GsT
GsT
GsT
GsT
GsT
GsT
GsT

OIL
OIL
OIL
OIL
OIL
OIL
OIL
OIL
OIL
OIL
OIL
OIL
OIL
OIL
OIL
OIL
OIL
OIL
OIL
OIL
OIL

N N O o o oo 0o 00 0000000 Ll i L L L1 L1 L1 n
P O W 00 N O 1 B W N B O O 0O N O O B W N B

© 00 N O U b W N L O

=
o

11
12
13
14
15
16
17
18
19
20
21

Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications
Engine Applications

Engine Applications

Software
Software
Software
Software

Software

Projected Number of New Stationary ClI (Diesel) Engines per Year from 2011 through 2017
Distributed Power

Distributed Power, cont.

Potential Growth of CHP in the U.S.

Existing CHP Compared to On-Site Technical Potential by Sector

Total U.S. CHP Technical Potential Across All Facility Types

Existing Commercial CHP Capacity by Prime Mover

Remote Monitoring of Compressor Station Engines with Rockwell PlantPAx

Rockwell PlantPAx, cont.

Condition Monitoring, Dynamic Maintenance Planning and Condition Based Maintenance
DMP Concept

DMP Concept- Maintenance Planning

CBM Way of Working

How the Engine Health is Determined?

Cummins CHP Systems Provide up to 90% Energy Efficiency

CO2 Cleaned and Returned to Greenhouse to Gain 30% Plant Growth (600 ppm)

H&H SCR System Redues NOx and Delivers CO2 to the Greenhouse. System could be Remotely Mot
Clarke Energy Provides Turnkey Engine Systems for CHP, Greenhouses, and Other Applications
Clarke Energy Greenhouse System

Biogas Engines

Power by Biogas ICEs vs. Central Power Plants

OIL AND GAS

Hot Topic Hour Participants - March 23, 2017

Oil and Gas lloT and Remote O&M Expenditures will Rise from $31 billion this Year to $168 billion il
lloT and Remote O&M - Oil and Gas - $ billions

llot and Remote O&M will Boost Sales to the Oil and Gas Industry by $13 billion this year
$31 billion Opportunity this Year

Oil and Gas lloT needs to be Empowered by lloW

Organizing lloW to the Same Degree as lloT

Mcilvaine Valve Decision Guides for Oil & Gas are another Tool to Empower IloT with lloW
Oil and Gas

$168 billion Oil and Gas lloT & Remote 0&M Market by 2030

Capex Expenditures vary from $700 billion to $1 trillion

Price and Other Assumptions in the Forecast

Oil Production

U.S. Natural Gas Production Growth is the Result of Continued Development of Shale Gas and Tighf
U.S. LNG Export Levels Vary Across Cases and Reflect both the Level of Global Demand-
lloT will be Utilized to Meet New Regulations

Honeywell Software and Dover Energy Domain Knowledge are being Leveraged in O&G
Emission Control Collaboration between Aereon and Honeywell

Schneider Electric Software Suite

Schneider Electric

Implico Automating the Complete Supply Chain
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Software

Wireless

Wireless

Wireless

Condition Monitoring
Condition Monitoring
Condition Monitoring
Condition Monitoring
Condition Monitoring
Condition Monitoring
Condition Monitoring
Compressor lloT
Compressor lloT
Compressor lloT
Compressor lloT
Compressor lloT
Compressor lloT

Compressor lloT

Digital Data Generation Plants
Digital Data Generation Plants
Digital Data Generation Plants
Digital Data Generation Plants
Digital Data Generation Plants
Digital Data Generation Plants
Digital Data Generation Plants
Digital Data Generation Plants
Digital Data Generation Plants
Digital Data Generation Plants
Digital Data Generation Plants
Digital Data Generation Plants

Digital Data Generation Plants

Standardized Automation Systems

Ways to Reduce Automation Costs

Reduce Customization and Complexity

RTl is one of the Companies Contributing to the Use of lloT According to Survey
RTS's Approaches to Utilizing lloW in Oil and Gas including Five Contributions
RTI- Automating Remote Operations

RTI - Enable Massive Data Collection

RTI - Integrating Analytics

RTI - Securing Operations

Replacing Specialized Software with Internet Platforms

Open process Automation Forum

Wireless Invaluable for Remote Facilities (Siemens)

Siemens Wireless in Gulf of Mexico

Siemens RUGGEDCOM Designed for Harsh Environments

Shell Ormen Lange Provides Condition Monitoring for all Moving Components
Condition Monitoring of the 41 most Critical Shutdown Isolation Valves

Leaks Detected with Acoustic Emission Sensors

Challenge with Very Large Valves and High Pressures

Data is Captured and Utilized within and without the Shell Network
Hortonworks Supplying Big Data Technologies to Noble Energy and Centrica

Rotork Wireless Valve Monitors for Oil and Gas Remote Locations Facilitate Preventive Maintenanc

BHP Billiton and L&T Infotech Develop Method to Anticipate Compressor Problems
Logilube Compressor Condition Monitoring

RoviSys Provides Compressor Monitoring System to Columbia Pipeline

Detecting and Reacting to Problems such as Caustic Fumes Arundo

SKF Condition Monitoring for Reciprocating Compressors

GE Bently Nevada Detects Dry Seal Problems

KOC Deals with Problems by Close Monitoring with Bentley Nevada System 1
POWER PLANTS

Power - $ billions

$125 billion/yr. Power Plant loT Instrumentation, Software, and Service Opportunity
Smart Instrumentation

Component Monitoring in Power Plants

Remote Monitoring

Remote O&M, Data Analytics and Subject Matter Experts

AEP Monitoring with IBM Maximo and Siemens PrismMoni

GE says Software Improvements can Reduce CO2 by 1.5 Percent

ABB Symphony Plus DCS for Collection and Analysis of Plant Data

MHPS Supplies Records of Daily Activity and Insights on Performance and Availability
NeuCo, Now Part Of GE Power Digital

Schneider Electric is Providing Comprehensive Services for Power Plants

Bit Stew Systems Integrates Data from 2 million BC Hydro Smart Meters

NVEnergy mPowered Program
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Digital Data Generation Plants

Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Coal Fired Power
Gas Turbine

Gas Turbine

Gas Turbine

Gas Turbine

Gas Turbine

Gas Turbine

Gas Turbine
Nuclear
Renewable Energy
Renewable Energy

Generators

C3loT Platforms Used at all 24 ENGIE Business Units

SKF Services for Coal Fired Power Plants

Boiler Optimization

NeuCo's CombustionOpt

NeuCo's SootOpt

Standardize to Improve Fleet Performance

NOx Reduction with Emerson Ovation at Midwest Power Plant
Combustion Optimization Module Interaction

Laser-based Sensors for Real-time Combustion Optimization
Combustion Optimization Dampers and Controls

Optimizer Signal Transfer to DCS

Reduced 02 for Improved Boiler Efficiency

Luminant Remote Monitoring, Modeling and Diagnostics Center
Luminant RMC Solves Bearing Rub Problem

POC Solves Fan Bearing Problem

Cooling Water Pumps Optimized in Cool Weather by POC

Air Heater Lube Oil Problem Detected and Solved by POC
Pulverizer Lube Oil Problem Identified and Solved by POC
Primarhy Air Fan Lube Problem Identified and Solved by POC
Pulverizer Mill Bearing Problem Identified and Solved by POC
Luminant Technical Center Lubricant Analysis Workshop

Gas Turbine and Reciprocating Engine lloT and Remote Markets for Components
Parker has Condition Monitoring for Gas Turbines

Parker Condition Monitoring for Gas Turbines

GE Gas Turbine Remote Monitoring Center

Ansaldo Remote Monitoring and Diagnostic Center

IHI Remote Monitoring Center for Gas Turbines

Turbine Services Supports Sites with Different Make Turbines
Duke Nuclear Using Schneider Electric, PRISM, APR to Minitor Rotating Equipmant
Schneider Electric Using Microsoft for Solar Azure Cloud Platform
SKF Supplies Remote Monitoring for Marine and Offshore Wind Facilities

JS Power Uses Netbiter for Cloud Control of Backup Power Generators



