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Oil and Gas lloT and Remote O&M Expenditures will ris
from $31 billion this Year to $168 billion in 2030

AThe oil and gas industry has already embraced IloT and Remote O&M and will
spend $31 billion for these services in 2017 rising at 13% per year through 2030

AFrom just a little over 1% of oil and gas capital and maintenance expenditures this
year the total will rise to $168 billion'in 2030 and represent 10% of all
expenditures.

ANAFTA will account for 50% of the 2030 total due to the tight oil and shale gas
production and extensive use of lloT and remote O&M with these technologies.

AThe Middle East will be the second Iar%est regional purchaser with the CIS In
third place and Africa ranking number 4.

AThe East Asia totals reflect only a minor contribution from coal to syngas.
However, if China did proceed with its ambitious plans to transmit Clean syngas
from Northern and Eastern coal fields to cities around the country then East Asia
would rise in the rankings.
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lloT and Remote O&MDIl and Gas$ billions
36 45 57 72 99 132 168

Total 27

Africa 1.7C 2.27 2.83 3.5¢ 4.53 6.23 8.31 10.57
CIS 3.05 4.07 5.0¢ 6.45 8.1F 11.2C 14.9: 19.01
East Asia 1.5€ 2.08 2.61 3.3C 4.17 5.73 7.65 9.73
Eastern Europe 0.0€ 0.08 0.1C 0.13 0.1€ 0.23 0.3C 0.38
Middle East 4.78 6.38 7.97 10.1C 12.7¢ 17.54 23.3€ 29.717
NAFTA 13.47 17.9¢ 22.4¢ 28.44 35.92 49.3¢ 65.8€ 83.82
South & Central

America 1.3€ 1.82 2.27 2.88 3.63 5.0C 6.66 8.48
West Asia 0.27 0.36 0.4t 0.57 0.73 1.0C 1.33 1.6¢
Western Europe 0.73 0.97 1.22 1.54 1.9t 2.68 3.57 4,55



lloT and Remote O&M will Boost Sales to the
Oil and Gas Industry by $13 billion this Year

A The Oil and gas industry has been an early adopter of lloT and Remote O&M. It is also a
major purchaser of flow control and treatment products. These are defined by Mcilvaine to
Include all products and services associated with movement or treatment of granular solids,
liquids, and gases. It includes combustion, reaction, cooling, separation, drying, and other
processes.

A Smart sensors, software, smart components and data analytics alon? with other components
of lloT will result in purchases by oil and gas companies this year of $ 13 billion above what
they would spend for less robust automation and flow control and treatment smart products.

A An additional $18 billion will be influenced by IloT players rather than the traditional decision
makers. Included in this group are sales to corporate decision makers usmfg lloT for global
sourcing as well as salesto third party O&M companies. The total market of $31 billion will
be growing at 13% per year to $80 billion in 2025 and $168 billion by 2030. The market will
represent 1.5% of the relevant Capex/Opex market in 2017 rising to 3.2% in 2025.
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$31 billion Opportunity this Year

World Oiland Gas lloT and Remote O&Revenues

$ billions

Segment 2017 2025
New Route to Market 18 48
NewlloTRevenues 13 32
Total 31 80
Industry Relevant 2000 2500
Capex/Opex

[loT/Remote % 1.5 3.2



Oil and Gas lloT needs to be Empowered by [loW

ALL2¢ LINPINIY RSaA HP/SN:Q Ay Ot dzZRS &dzaidl yiaAalt A
\t;\t/l_llzdatlon( I?f \l/\r}szlustry knowledge is greatly handicapped by the lack of an Industrial Internet of
isdom (lloW).

A In a theoretical exam_l[ole: sensors relay critical information to an edge computer which extracts
meaning and sends it on to the cloud where data analytics provide an actionable analysis.

A This actionable analysis then is incorporated in a draft of a paper sent to a publisher who
undertakes per review and editing . The result is that the data appears 3 months later.

At GSNYIFGA@Ste AG O2dzZ R | LILISEFNJ ljdzaOlteée Ay | ¢
unattractive option.

A Subject matter experts need to be developed. 10T will generate the equivalent of millions of
white papers on a continuous basis.

A IExplerts who can use the data and apply it to a very narrow niche will take knowledge to a new
evel.

A What is needed is a way for these experts to interface with people at different OPlan_ts. In the same
company, between suppliers, and to take advantage of experience in other industries and
geographies.
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Organizing lloW to the same Degree as lloT

ADecisive Classification is just as necessary in [low as in IloT. Mcilvaine has
Initiatives to classify

ATechnical options in both English and Chinese
A Companies with a numerical financial identity number
AlIndustries using U.S. Standard Industrial codes with a Mcilvaine sub class
AGeographies with size related divisions down to the province and State level
At NP RdzOUa YR SEtAYAYIFIGS LN OuAOSa ad
describe a design and others to describe an application
AMcilvaine is also working to provide organized systems to gather the information
on large end users such as Sinopec, Exxon Mobil etc. BHE Energy and Supplier

Connect provides data on all the 70 compressor stations, gas pipelines and 200
power plants operated by BHE
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Mcilvaine Valve Decision Guides for Oil & Gas are
another Tool to Empower lloT with lloW

lloT promises to revolutionize the oil and gas industry but only if it is
accompanied byloW (Industrial Internet of Wisdom). Mcilvaine has a number
of programs to acceleratdoW. One is relative to valves. Decisive classification
of high performance valve applications, valve designs, and materials is critical
to [loT success

If general purpose valves are the foot soldiers of lloT then high performance
valves belong in the armored divisiomheir performance is much more

critical to the outcome of the battle to improve plant performance. High
performance valves are defined and the program is explainétigit
Performance Valve Classification Program.

Initially choke valves, gate valves for pressures greater than 5000 PSI and
molecular sieve switching valves are being evaluated.



OIl and Gas

Oilcompanies are utilizintnternet of Things (Igtechnology to reduce their production costs by becoming more
operationally efficient.

Over the next three to five years, 62% of oil and gas executives worldwide say they wilmovestan they currently do in
digital,according to a receriflicrosoft and Accenture survey.

Oil and %as companies will use IoT devices and their associated analytics to survey land for new potential drilling sites and
extract the oil from the %/rlound. Among oil and gas executives, 89% believe they can leverage analytics to improve business
practices, according to Microsoft and Accenture.

One source estimates the number of devices used on oil extractiontsiggsnarily wellst will increase at a _
70%compound annual ggowth rate (CAGR). The devices will primarily be irtesneected sensors used to provide
environmental metrics about extraction sites.

By fully optimizing the |0T solutions available, an oil and gas company with $50 billion in annual revenue could increase its
profits’by nearly $1 billion, according to a Cisco study.

The number of devices with cellular or satellite connectivity deployed in oil and gas applications around the world was
423,000 at the end of 2013, accordln% to Berg msght, an analyst firm focused on the M2M market. Berg estimates that
number will rise by 21.4 percent to 1.12 million by 2018. At the end of this forecast period, the mix between cellular and
satellite-based M2M devices will be around 781,000 cellular units and 244,000 satellite communication units.

Examples of transactions in the M2M world include a wireless sensor on a pump in an oil well, and devices such as cell
phones mixed with human and_machlgenerat_ed responses. In retail, radi@quency identification, shipping and cell
networks, machines are recording and reporting on what other machines are doing, which increases the amount of data
being generated. This includes smart homes and power distribution grids, said Weber.

Internet of Things solutions are important for the oil and gas industry in that it allows oil and gas companies to manage and
ather data from operations in remote environments while eliminating the need for workers in these environments. Already
acing a challenge in qualified skilled labor, the global oil and gas industry faces losing even more of its workforge as Bab

Boomeraged workers begin to retire in the next few years.
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http://www.businessinsider.com/what-is-the-internet-of-things-definition-2016-8

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

A The oil and gas industry is embracing the industrial internet of things (1loT). Millions of sensors
identifying leaks, corrosion and wear of stainless components will e_P_rowdlng the equivalent of
continuous white papers on specific %rades of stainless used in specific components in each
application. The result should be higher revenues and profits for those stainless producers with
lowest total cost of ownership (TCQO). However, the challenge to the stainless producers as well as
to the plant operators will be perfecting what Mcilvaine labels the Industrial Internet of Wisdom
(IloW). This requires systerpdevelopment similar to the development in IloT. Mcilvaine has
several initiatives in this area. It also requires the development of niche experts who
understand the capabilities of various alloys used in each of the myriad combinations of products

and applications.

A The oil and gas market opportunity for 10T & Remote O&M will rise to $168 billion in 2030. $110
billion will be onsite expenditures by the oil and %as companies but $58 billion will be for remote
monitoring and support including Software as a Service (SaaS) and data analytics. Data analytics
In turn will include lloW. This in turn will foster Sourcing as a Service activities. There will be
many new players and lots of new data to influence the choice of stainless materials. One result
should be faster acceptance of new and better materials.

A NAFTA will be the Iar%es_t segment with oil and gas lloT & Remote O&M revenues rising from $13
billion in 2016 to $83 billion by 2030.
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Capex Expenditures vary from $700 billion to $1 trillion

FIGURE 2: Capex cut by 205 in 2015, with more in store for 2016

Global capex spending trends and estimates, public companies (USD billions)
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Price and Other Assumptions in the Forecast

EIA Assumptions for the Year 2040

Reference High Low
Oil Price $/bbl 109 226 49
N.G. Henry Hub 5 10 3
$/million BTU
U.S. GDP % CAGR 2.2 2.6 1.6
Energy Net Trade BTU 2 25 -11
Quads

The forecasts are based on the assumptions incorporated by EIA in its 2017 base case forecast.
Since July 2016, there has been a 20% increase in oil rig counts. Oil producers have also
increased their exports to India. These trends are showing the rejuvenation of U.S. shale oil.
The shale oil market is expected to gain momentum from-2aidl7.

Tight oil makes the biggest contribution to crude oil production with a 50% growth from
4 million bbl/d now to 6 million bbl/d by 2040.




OIl Production
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U.S. natural gas production growth 1s the result of continued
development of shale gas and tight o1l plays—
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U.S. LNG export levels vary across cases and retlect both the level of
global demand—

Liguefied natural gas exports Oil-to-natural gas price ratio
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lloT will be utilized to meet New Regulations

A The oil and g?as Industry is already ahead of other industries in the use of lloT. More than
half of the oll and gas companies are deployind-enabled technology for remote

monitoring. Asset reliability and energy efficiency round out the top threemaauct
use cases.

A Some of the biggest opportunities will be created by regulations restricting flaring in the
U.S. Honeywell and Aereon will collaborate on solutions to help industrial customers
boost the safety, efficiency and reliability of their operations by leveraging Honeywell's
Industrial Internet of Things (lloT) ecosystem.

A Aereon provides air emissions solutions for the complete oil and gas sector, from the
wellhead to the gas station. It offers products for flare systems, enclosed combustion
systems, high efficiency thermal oxidizers and vapor/gas recovery units. "Aereon's
fundamenta strength IS Its wide array of-fdr-purpose combustion and vapor recoveg
products supported by Hmouse expertise to design, manufacture and support its fiel
Installed base," said Mark Zyskowski, Senior Global Vice President, Aereon. "We are
pleased to be able to bring our expertise to the lloT ecosystem that Honeywell is
developing to help customers around the globe maximize value from their operations by
tapping into the power of the IloT."
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Honeywell Software and Dover Energy Domain
Knowledge are being leveraged in O&G

The Honeywell INspire program brings together customers, equipment vendors, process licensors and
Honeywell experts to jointly develop answers to operational challenges. Honeywell and its collaborators are
leveraging I10T to help customers minimize unplanned shutdowns, maximize output, minimize safety risk and

optimize supply chain strategies.

Dover Energy Automation, which provides productivity tools and related automation software, is focused

specifically on the energy sector, helping oil and gas operators monitor, predict and optimize performance to
improve productivity. Products include Windrock monitoring and analytical systems for rotating and vibrating
equipment, Quartzdyne downhole pressure transducers, and the Well Site Automation suite for onshore well

performance optimization.

Honeywell is looking to combine its capabilities in data consolidation, cybersecurity and software =~
RSOSTt 2LIYSYu gAUK 520SNXRa RSSLI R2YIAY (1y206tft SR3IS Ay
IS a simpleto-use infrastructure that gives customers secure methods to capture and aggregate data so that it
can be leveraged by using analytics and applying a range of domain knowledge from suppliers

With a larger, consolidated data set, manufacturers can apply higher analytics for more detailed insights, scale
the data as needed to meet the varied needs of sifgifie or enterprisewide operations, and leverage a
wider pool of data experts for monitoring and analysis.

M



Emission Control Collaboration between
Aereon and Honeywell

Honeywelland Aereon are collabor_atin%on solutions to help, industrial 10T boost the sate%, efficiency and |
NETAFOAT AlUe Z2F UKSANI 2LISNIUAZ2Yya o0e {SOSNYFIAAYyT | 2y
solutions for the complete oil and gas sector, from the wellhead to the gas station. It offers products for flare
systems, enclosed combustion systems, high efficiency thermal oxidizers and vapor/gas recovery units.

There are complexities to these 8rocesses which make the more robust analytical approach desirable. For
example additional CO and VOCs can be eliminated by increasing NOx and CO2. Regulations vary from State
State so that what might be the best tradeoff in one case may not be in another. Fugitive emissions are another
consideration., Measurement of these emissions is how possible with emission sensors. So the proper amount
of fugitive emission control can be achieved. This means finding the right balance between lower emissions
and higher emission control cost.

In some cases gas can be recovered and (_:omgoressed for use as engine fuel on site. In fact Wyoming and
seve_rgl other states have regulations pushing toward this option. So the operator has a number of options to
consider.

Honeywell HPS, is a leader in development of advanced ni@deld, reatime optimization solutions for the
Oil and Gas industry. So it can use its optimization approach with the flaring decisions.

Experion PKS® from Honeywell is the first step to driving down costs, remaining within emission norms,
maximizing capacity utilization and rationalizing asset& next logical step for improving efficiencies and

reducing waste is adding a layer of sophisticated advanced solutions.

| 2y SegSttQa adzausS 2T ! RAFIYOSR ! LI AOlFuA2ya KStLla
separation and help lower energy input within existing capital resources. Process conditions are also stabilized
with Advanced Process Control resulting in fewer plant trips and production deferral.
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Schneider Electric Software Suite

A The software suite addresses both internal and external Eressures_re]‘ineries face In
maintaining a responsive, decisive and collaborative workforce amid industry challenges
of dynamic demand, tightened regulations and technology evolution.

ALG dzasSa || LRNIOF2ftA2 2F ¢92NI R Of Faa I LILIX A
application integration framework that can be used with other legacy third party content.

At is pulled together with a usesonfigurable unified data model, and includes KPI
Management and Decision Management with Workflows to enable the digital workforce.

A With clearer and earlier visibility into the state of the business, the enterprise is better
equipped to make intelligent, more informed decisions.

A Suite components include Performance Manager, for trending and reporting, KP! _
management, unified data model and Decision Manager; plus an application integration
framework for orchestration, translation and enterprise connectivity.

ALY Of dzZRSR Ay (GKS 2FFSNAY3I Aa&a (GKS O2YLI yeéC
support program, which allows access to the latest software upgrades, expert technical
assistance and selfelp tools to improve operational effectiveness.
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Schneider Electric

Level 4: Enterprise Business Systems

Level 3: Manufacturing Operations Management
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Implico automating the Complete Supply Chain

ALYLX AO?2 Oz2vyadzZ OAy3I ASNBAOSa F2NI 2Af | yR 3Tl &
solutions SAP SDM and SAP RFNO for optimizing and automating the complete supply chain.

A As the d_||gutal transformation proceeds, oil and %as companies are generatintaeya&rvolumes
of data. The challenge now is to process and utilize these data repositories more efficiandy
to turn big data into smart data. To do so, solutions are needed that are capable of ensuring that
data exchange and processes are almost entirely automated, and that manual intervention is
necessary only in exceptional situations. This means that employees monitor business operations
with the help of control cockpits while the system performs all routine postings entirely on its
own.

A Implico can draw on extensive knowledge of the industry and long expertise in the rollout of the
SAP SDM and SAP RFNO downstream solutions, which are also soon to be available as SAP
S/4AHANA versions. SAP SDM (Secondary Distribution Management) controls and optimizes the
entire orderto-cash process, while SAP RFNO (Retail Fuel Network Operations) manages and
automates the handling of the Rrocesses and data that are generated when gperating a service
station rge(tjworkt. The solutions help to reduce manual effort and thereby significantly reduce
associated costs.
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Standardized Automation Systems

ASandy Vasser, now retired facilities instrumentation and electrical manager for
ExxonMobil Development Co., has long been on a mission to bring automation
suppliers around to his list of demands. And those demands have been a huge
factor behind the development of more standardized systems from all of the
automation suppliers suppliers that want a piece of the ExxonMobil action, that
IS.

AVasser was a key driving force behind several developments to come from
automation suppliers over the past few years. Smart configurable 1/O, remote 1/O
and virtualization, to name a few, will enable a more standardized approach to
project execution. These technologies not only simplify the commissioning
process, but also allow engineers to take automation off the critical path.

Pal
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doing the work for ExxanMobil tq continue changing their designs and still allow
dza U2 O0dzAf R | O2YyuUNRf aeausSYxze alea [/
automation atSchneider Electric.
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Ways to reduce Automation Costs

AThe typical project has been overrun with hundreds of custgineered
junction boxes and miles of wire and cable from the field, but work on
automation often has to be done and redone as changes are made to facility
plans according to Vasser.

AclF 1Ay 3 |dzi2Yl GA 2y alewing desigiso b® dhianged @ithdut L.
making the automation team scrap their work over and over again. Smart
configurable 1/O (or universal I/0), placed in standard cabinets and/or field
junction boxes, is a big part of this.

AWhether called universal I/O, intelligent marshalling, soft marshalling, electronic
marshalling, etc., all the key automation providers have introduced some form of
this, enabling more flexibility for I/O changes even as projects near completion

M



Reduce Customization and Complexity

Other key technology pursuits, as outlined by Vasser, include:
A Virtualization, to a broader extent than is being done already.

A DICED I/O 1autdetec_:t, auteinterrogate, auteconfigure, autedocument) so that systems can be
automatically commissioned without the need for human interaction.

A SIS lggic solver directly prc\)]grammeq\usirj\g franslated cause and effect. This product has actually
0SSY 2dzi ¥F2NJ Yl ye eSINRX Il aaSNJ aleaz 0dzi L.

A Seamless integration between automation and electrical systems.

A Use of smart 1/O to replace control wirin? for motor control centers (MCCs). This is an evolution
of smart I/O that would eliminate most of the hard wiring.

A Standard assembly to convert multiple discrete signals to a single analog signal (a need borne ot
of expanded use of smart 1/O).

A Simplified package interfaces.
A Wireless field instruments.
A Increased use of DC power to eliminate many of the inverters.

M



RTI Is one of the Companies contributing to the use of
lloT According to Surve

The 10 Most Influential Industrial loT Companies

RANK NIS

1 38 RTI ftl

J
2 29  Google b

) altaln
3 24  Cisco cIsco

RTl is pleased to give our

customers a head-start on building
robust Industrial Internet systems.
4 22 GE @ - Source: Market Wire 06/17/2014

S 22 omron omRon Cisco, AT&T, GE, IBM and Intel

announced the formation of the
. Industrial Internet Consortium™. an

6 17 Data Log Te] open membership group to support
better access to big data with
improved integration of the physical

7 15 H and digital worlds. )

Emerson Electric GE announced that it would invest - Source: Yahoo! Finance 05/14/2014
$1 billien in the Industrial Internet.

8 11 BIaCkberry - Source: Forbes 04/04/2014

o] 10 Rockwell Automation ©mron. the industrial automation BlackBerry said [Project lon] includes
specialist, announces a transparent- building a secure public application platform
object sensor specifically designed for and tapping into strategic partnerships,

10 8 A | the food & beverage industry. including the Industrial Internet Consortium.

pp e - Source: Process Industry Informer - Source: ZeeNews.com 05/22/2014
06/02/2014
0 5 10 15 20 25 30 35 40

The Internet Of Things - An Industry Influence Study | July 2014 syright © 2014 Appinions In ’ [-:ppinions 10
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including Five Contributions

A At the core of the Industrial Internet, there are se\_/eraM)rotocol standards including the
Data Distribution System_(DDS[gé)ubllshed b%/ Object Management GroupéOMG). RTI
Connext® DDS, the leading DDS implementation, directly addresses the development of
Intelligent distributed machines. RTI connectivity solutions deliver data at physics speeds
to thousands of recipients with strict control of timing, reliability, failover, and language
and OS translation.

A Targeting device_datg use, Connext DDS provides fast, deterministic-thiedeeice
O2YYdzy AOFUAZYaY w ! t23A0t S5FdlF. dza O2YyYyY
with the ability to scale to hundreds of a;I)_thatlons and hundreds of thousands of data
generatmg and datgonsuming devices. The DataBus scales much better thasaumb .
aI__J2__1 RSaAdyad w 5SUFAt SR vdzZrt Ate 27 #SN
reliability, and pervasive redundancy address ndustrial enviropments where even a few

Y A zuSa 2T _RZgYUAYS_ _OFY O0S_.RAalLaluNPRdza ® «
g KU RFOlF 32 S a-ceaticamiiebtureoprovides futirpraoflscalability
and extensibility while greatly simplifying distributed system development.

A Connext DDS has alre_ad% Ibe._en widely adopted.in Industrial Internet algpglécgtiorfls,l with
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RTI- Automating Remote Operations

Local Control
Station

Management
Display

Remote Control
Station

- Predictive Management
DTS quipment Data Storage Maintenance Display
Drill Process Health

Sensors Control Controller Monitor

Flow

Control Center DataBus

High-Speed DataBus Process

Planner

Wireless DataBus

Analysis Data Storage

Enterprise
Systems

Figure 1. At the well site, a high-speed DDS DataBus connects all the sensors (e.g., temperature sensors,

flow monitoring) and actuators (e.g., top drive, key drive, flow controllers) along with a process controller to
automate the process of drilling and completion. The high-speed connections can also be used to monitor the
health of the equipment, analyze activity, log status readings, and more.




RTI- Enable Massive Data Collection

Use Case: Intelligent Well Monitoring

Local Control Management Flow
Display Controllers . Reco_rding Well Domain
Service Well Domain
Well Domain

DataBus : Well Domain

Iaa —

e Encrypted Wireless DataBus Bridge
Monitor

Sensors Production T
Planners T
Real-Time Control Center Domain

Predictive Safety
. . . Malntenance Monltor

Recording Services

ﬁ-{—}- Enterprise
1 Systems

Figure 2. An entire field can be integrated by combining local DataBus instances. The system can aggregate
hundreds of thousands of sensors, providing data to a control center for easy analysis, health monitoring, and
data storage.
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RTI- Integrating Analytics

Use Case: Intelligent Real-Time Reservoir Management

-

Client

Well Domain

Well Domain

Seismic Well Domain
Connext TCP (WAN) Sensors Well Domain

Gateway
Processor

_— Monit Encrypted Wireless DataBus Bridge
Balancer (F5) Gateway Workflow onitor
Processor Processing

Gateway

Processor Connext DDS Processing Bus

Connext Input Bus

Gateway
Processor

Analytics Logging

Figure 3. This example of a deployment model for a cloud-based analytics application connects well domains to
a private datacenter cloud. The DDS processing bus facilitates the real-time collection and logging of well data,
creating a repository for analytics applications. For high performance, a load balancer takes information and
queues it up for processing. A single intelligent system can get data, process it, and drive appropriate actions and
feedback back out to the active wells for optimized operations.



RTI- Securing Operations




