October 15, 2014

INFORMATIONAL ITEM

MEMORANDUM TO THE TRUSTEES
FROM THE PRESIDENT and CHIEF EXECUTIVE OFFICER

SUBJECT: Strategic Initiative Business Plans: Smart Generation
and Transmission and Asset M anagement

SUMMARY
This memorandum provides an informational item to the Trustees on the Authority’s

Smart Generation & Transmission Business Plan (Exhibit “A”) and Asset Management Business
Plan (Exhibit “B").

BACKGROUND

The Authority’ s 2014 - 2019 Strategic Plan (*Plan™) was adopted at the March 25, 2014
Trustee's meeting. The Plan was developed around three key themes that reflect the
transformative change taking place in the energy industry and economy. These themes—
Customer Empowerment, Infrastructure Modernization and Resource Alignment — are composed
of six specific and actionable initiatives. The two Infrastructure Modernization initiatives, Smart
Generation & Transmission and Asset Management, are being presented in thisitem. With the
implementation of these business plans, staff is strengthening the Authority’ s foundation while
allowing for the flexibility needed to successfully adapt to the change required by the 2014-2019
Strategic Plan.

DISCUSSION

The Smart Generation & Transmission initiative seeks to reimagine the grid and to
facilitate the increasing pace of industry transformation by paving the way for increased benefits
to customers by providing the State with a market leading platform for future technologies and
services. The Authority’s Smart Generation & Transmission journey has already begun and a
foundation has been built through ongoing work. This initiative proposes to build on that
foundation through the advancement of a progressive research and development schedule and
deployment of a number of recommended projects. Building on this foundation, the Smart
Generation & Transmission initiative will ook to develop capability in aseries of areas
including: increased reliability and resiliency, enhanced situational awareness, optimizing
transmission assets, optimizing generation assets, integration of bulk renewables, and integration
of distributed generation.



The Asset Management Strategic Initiative aims to develop and implement an asset
management approach aligned to the provisions of the internationally recognized asset
management standards, International Standards Organization (*1SO”) 55000. The SO 55000
standards provide guidelines for cross-industry, best practice for asset management and takes a
holistic approach that encompasses traditional considerations associated with the value chain for
managing assets aongside life cycle planning, asset financial/operational performance, and risk
profiling. The 1SO 55000 provisions will comprise the backbone of the Authority’ s asset
management approach and will be complemented by projects that effectively encompass people,
process, technology and data considerations. Significant strides toward enhancement of the
Authority’ s approach toward asset management have already begun and a foundation is being
built through ongoing work. Thisinitiative proposes to build on that foundation through four
main work streams: establishment of a clear framework of governance for theinitiative;
development of a set of consistent practices to govern asset management at the Authority;
securing robust data and analysis to support asset management decisions; and establishing a
world class research and devel opment laboratory for applied research and testing for high
voltage assets. Thelong-term goal of thisinitiative is to establish and maintain a flexible process
that will allow the Authority to readily adapt to the future, changing operating world. This
flexible process will allow the Authority to continue to manage existing assets, have a
framework in place for new assets, and will enable the potential expansion of the Authority’s
role of asset management with its customers through additional customer services and enhanced
energy services projects.
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EXECUTIVE SUMMARY

Strategic rationale and drivers of the initiative

To facilitate New York's renewed energy vision to reimagine the grid and to facilitate the increasing pace of
industry transformation, NYPA believes that an investment in smart grid technology across their Generation
and Transmission infrastructure is an important and necessary step. This ambitious strategic initiative is part
of NYPA’s Strategic Vision 2014-2019 and is aimed at providing both NYPA and New York State with the most
advanced grid in the industry and to ensure that the most modern industry solutions are leveraged to deliver
capability in key areas. Ultimately, the investments outlined in this initiative will pave the way for increased
benefits to customers by providing the State with a market leading platform for future technologies and
services, better management of bulk and distributed renewable generation and storage sources, near-real-
time access to information, improved outage management and overall reduced electrical losses and
increased system efficiency. In this business plan, we have highlighted the many benefits of this initiative
both at a NYPA and NYS level, and combined, these benefits make for a positive investment.

In the context of the New York Energy landscape, the objectives of this initiative align with the Blueprint for
Governor Cuomo’s Energy Highway (“EH”), issued in 2012 and the 2014 launch of the New York Public Service
Commission, Reforming the Energy Vision (REV). The REV initiative aims to ensure that the New York
electricity market transforms to accommodate the changing nature of the market, and the actions in this
Smart Generation and Transmission roadmap will be entirely complementary of this vision, which states;
“The energy industry is in transition. Technological innovation and increasing competitiveness of renewable
energy resources, combined with aging infrastructure, extreme weather events, and system security and
resiliency needs, are all leading to significant changes in how electric energy is produced, managed and
consumed. NewYork State must lead the way to ensure these trends benefit the State’s citizens, whose lives
are so directly affected by how electric energy is manufactured, distributed, and managed” - New York State
Public Service Commission, 2014.

Indeed, NYPA’s Smart Generation and Transmission journey has already begun and a foundation has been
built by ongoing work, including Life Extension and Modernization (LEM) Upgrades, Generation Automation
Control deployments, sensor deployment continuation, Supervisory Control and Data Acquisition (SCADA)
upgrades, etc. This initiative proposes to build on that foundation through the advancement of a progressive
R&D schedule and deployment of a number of recommended projects. Through the deployment of
advanced components, advanced control methods, sensing and measurement, improved interfaces and
support (analytics and big data), and integrated communications, NYPA will achieve its goals to both lead the
market and support the transition in the NY state marketplace.

As Figure 1 below outlines, NYPA’s smart grid journey will largely fall into three major steps, and as noted in
step one, building a smart grid foundation has already begun at NYPA with the Transmission Life Extension
and Modernization (TLEM) program, annual research and development schedules, and the proactive and
continuous maintenance and improvement programs across the NYPA’s grid. Building on this foundation the
Smart Generation & Transmission initiative will look to develop capability in a series of areas including;

e Increased reliability and resiliency
0 Advanced transmission monitoring, control and protection systems to decrease likelihood of
cascading failures and wide-area blackouts.
0 Robust security measures to reduce likelihood of catastrophic bulk system failures from
human-caused and natural disasters.
e Enhanced situational awareness
0 Advanced analytical tools to convert data from grid sensors into insight, leading to wide-area
situational awareness and control capabilities.
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0 Improving operator effectiveness and enhance system protection and restoration.
e  Optimize transmission assets
0 Ensure flexibility and efficiency by optimizing the utilization of transmission assets.
0 Reduced congestion and bottlenecks, Reduced costs for operation and maintenance tasks,
0 Reduced risk due to old equipment or necessary downtime, Increased system efficiency.
e Optimize generation assets
0 Automatic controls, predictive maintenance cycles on existing generation facilities to
maximize hydro flow and other generation capabilities.
e Integration of bulk renewables
0 Develop bulk renewables to meet environmental policy demands, using intelligent
monitoring, climate micro-forecast, protection and control technology, storage tech, and
advanced information and operational technology integrated with the underlying assets.
e Integration of distributed generation
0 Ability to manage distributed generation and storage to help balance the intermittency of
renewable resources and provide grid support.
0 Advanced system protection to manage intermittency and bidirectional power flow.
0 Advanced energy management system to truly integrate distributed with central resources

NYPA’s Smart G&T Journey

Figure 1: NYPA's 2014-2025 Smart Generation & Transmission journey of transformation
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The aim of NYPA's TLEM program is to repair and refurbish aging transmission
assets. The aim of the new Smart Generation & Transmission initiative is to
optimize control and use of these assets, and making NYPA a “market-leading”
generation and transmission organization. Thus, this new initiative will build and
innovate upon the foundation TLEM is setting.

Ultimately, this business plan is intended to give customers, regulators and other interested stakeholders a
detailed look at how smart generation and transmission will work at NYPA, how NYPA plans to deploy grid
technology across its network, and why this approach makes sense for the Authority’s customers and the
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state as a whole. As the energy market is rapidly changing and the evolution of smart grid technologies is
maturing at various speeds, this plan and its underlying assumptions will periodically be reassessed in a
formal capacity throughout the life-cycle of the intiative. Such an assurance model will be part of the
governance and operating model build of this initiative. In addition, NYPA will ensure that this solution is
presented to the other TOs in New York and to the NYISO for review and refinement where necessary. While
the plan has identified benefits accruing to NYPA and NYS, there are opportunities for further collaboration
and business benefits that will be explored as part of the first phase of implementation analysis. NYPA’s aim
is to lead the industry in smarter generation and transmission adoption and capabilities, and these external
stakeholder considerations will be built into the design and chartering phase of each project of this initiative.

Benefits for New York State
Implementing NYPA’s Smart Generation and Transmission initiative will deliver benefits to both NYPA and

New York State across a range of financial and non-financial categories. Some of these benefits that smart
grid technologies will deliver to the state include;

e Economic development .

¢ Reduced congestion

* Generation savings

*  Asset optimization

*  Reduced transmission losses

¢ Integration of renewables

e Ability to support customer choice
e Fuel diversity

Increased reliability

Maintaining system security
Maximizing energy efficiency
Reducing GHG emissions

Reliability improvements

Increased proliferation of renewables
Enhanced system control

Increased safety

Indeed by examining the drivers of this initiative, it can be gleaned that the Smart Generation & Transmission
capabilities that NYPA plan to deliver will contribute to the solution of many of these, as outlined in Figure 2.

Figure 2: Drivers across the NY state grid influencing NYPA’s Smart Generation & Transmission journey
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Financial Summary

Across the six identified capability areas that NYPA will target, the Smart Generation & Transmission business
case analysis shows a positive and improving total benefit-to-cost ratio over time (see Table 1 and Figure 3).
While the formal proposed timeline of the initiative’s efforts and financial costs will extend from 2014 to
2025 in subsequent sections of this business plan, it is important to note upfront that incremental, ongoing
benefits continue to accrue significantly to 2030 and beyond. In both scenarios (to 2025 and 2030), benefit-
cost ratios are net positive for NYS and NYPA combined. The lion share of the benefits accrue to NY state,
which is in line with NYPA’s mission, as well as the drivers and strategic rationale of the initiative as outlined
in this document.

Table 1: Initiative Benefit to Cost Ratio to NYPA and NYS combined, by 2025 and by 2030

Year Benefit-Cost Ratio Cost Benefits (to NYS & NYPA)
2025 2.13 $0.93b $2.00b
2030 3.34 $0.93b $3.12b

To put this in an external context with other related smart grid investments in the US, the Electric Power
Research Institute (EPRI, March, 2011) generally estimated smart grid benefits to be between 2 to 6 times the
costs of the investment. According to this and similar studies, smart grid investments are a perfect
application of new technologies to reduce costs, transform utility business practices, provide grid control
capabilities and provide utility cost savings sufficient to pay interest and principal and even provide some rate
relief. The analysis completed in this business plan is consistent with these findings.

Figure 3: Initiative summary benefit-cost breakdown 2014-2025

2014-2025 Benefit-Cost Ratio: 2.13
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* This analysis is conservative and does not include a host of other less quantifiable benefit categories for NYPA and NYS such
as economic development/ jobs growth, increased security / safety, reduced GHG Emissions, customer choice etc

As we look at the six individual capability areas that roll up to the view in Figure 3, we see that benefit-to-cost
ratios may vary for each capability because of different operating cost structures, implementation scale and
market maturity. One of the first steps post submission of this business plan is to further design and analyze
project implementation plans, so financials will be further refined before projects are submitted for approval
on an individual basis. That said, there are some common benefit and cost categories that exist across all the
initiatives and that are displayed in the summary chart above.
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Benefit Categories

Across the six capability areas there are individual benefits, however, many of these can be aggregated into
common categories. The table below highlights these major categories.

Figure 4: Major benefit area descriptions

Benefit Category Description

Reduced Congestion Reduction in constraints on the economic operation of the power system, such that the
marginal price of energy to serve the next increment of load is optimized.

Generation Savings  Increased flows of low-cost hydro and ISO revenue from additional hydro resulting from
(Increased Hydro) upgrades and enhancements from this initiative

Reduced O&M Reduced operations and maintenance costs, improved reliability and efficiency gains
resulting from generation upgrades.

Generation Savings  Reduced energy costs due to statewide customer fuel-costs savings from enabling additional
(Increased Wind) wind generation.

Asset Optimization  Reduction in wear and tear and reduced cost of failure
Reduced Capital Deferred investment (new conductors, new lines, etc.) and other capital savings

Reduced Reduction in estimated annual cost of T&D losses in NYS
Transmission Losses

Increased Reliability Reduction in outages that cause overall state energy costs to be higher due to a re-dispatch
in real-time and deployment of more expensive generation

Increased Revenue  New revenue from increased NYPA hydro flows, CSC and micro-grid pilots

Cost Categories
Similarly, across all of the capability areas there are individual cost categories, however as with the benefits of the
Smart Generation & Transmission initiative many of these can be aggregated into common cost areas. The table

below highlights the major areas represented in the Benefit-Cost ratio chart.

Figure 5: Major cost area descriptions

Cost Category Description

Grid Hardware Tower splitting, STATCOM, CSC upgrades, physical hardware for development system,
incremental cost to TLEM, instrumentation and micro-grid pilot installation cost

Communications Fiber optics communications backbone build-out at most critical sites

AGlLe Setting the AGILe R&D agenda and directing the studies/activities (AGlLe is NYPA's
proposed advanced grid innovation laboratory for energy)

Labor Smart grid enterprise architecture, project / implementation plan, smart G&T initiative,
project delivery, resources to oversee studies
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High Level Timeline

Across the Smart Generation & Transmission initiatives there are a number of categories of projects that
have been identified. In further sections we will detail each of the capability areas and the individual projects,
pilots and areas of study that align to these groups. However, in general there are four areas of deployment
that exist across the initiative over the next 10-15 years. These can be largely grouped into the following;

a) Work that is inflight already and needs to be completed as per schedule
b) Projects that can be integrated right away

c) Projects that will need to be piloted

d) Further R&D Studies and evaluation

In terms of work that is inflight, the $726 million Transmission Life Extension and Modernization (TLEM)
program is a key initial step for creating a smart generation and transmission grid at NYPA as this initiative is
replacing and upgrading existing transmission system components that are at the end of service life or at a
high risk of failure due to condition.

In addition to the TLEM program, other ongoing efforts include around $1 million in annual research and
development, the proactive and continuous maintenance and improvement of its generating assets with
$1.1 Billion on major bulk generation efficiency/reliability/operational improvements at the Blenheim-Gilboa,
St. Lawrence, and Niagara facilities, and is currently implementing a $470 million upgrade at its Niagara
Lewiston Pump Storage Plant over the past several years. Completing the above ongoing projects provides
NYPA with the necessary foundation to further build out its Smart Generation & Transmission capabilities.

In late 2014, NYPA will begin its overall Smart Generation & Transmission solution (further outlined in this
document), which is meant to innovate incrementally on top the work that has already been done. Figure 6
highlights the high-level initiative deployment timeframe. The roadmap builds upon the early phase Smart
Generation & Transmission work already underway, while looking to kick off the majority of the initiative’s
capability roadmaps by 2015 and implementation by 2016.

Figure 6: High-Level Smart Generation & Transmission Initiative Deployment Timeline

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
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Risks of the initiative

At the highest level, risks associated with the overall initiative and appropriate planned mitigation actions can
be grouped into the following key areas:

1. Resource and Capability Constraints: Implementing and sustaining smart grid technologies at NYPA
will require a host of new skills sets and organizational capability. While this initial roadmap
identifies between 40 — 60 new resources that will need to be filled to implement this roadmap,
many of these skill-sets are new and unique to this initiative. To mitigate this risk, the initiative will
ensure that a holistic operating model and post implementation governance plan is created.

2. Changes in market conditions: Changes in wholesale power cost structure, uncertainty over
customer market participation, and many other factors can result in considerable uncertainty over
estimated returns on smart grid investments. To mitigate this risk, the initiative will track changes in
wholesale power cost structure, customer market participation, and many other factors to ensure
certainty over estimated returns on smart grid investments.

3. Inadequate post-implementation strategies: Many smart grid business plans rely heavily on post-
installment benefits (e.g. the implementation of control algorithms). However, program
development and implementation details are often not considered until later, resulting in benefits
that are often delayed for years. To mitigate this risk, the initiative will ensure adequate post
implementation plans and organization structure are developed to track benefits and ensure
optimization of new infrastructure.

4. Vendor Product Maturity: Many of the Smart Generation & Transmission capability areas in this
roadmap will rely on software/IT performance, however, some Grid software/IT capabilities have not
been widely deployed and there may be a level a market immaturity across products, adding
initiative risk. To mitigate this risk, the initiative will partner with vendors, align products with
roadmaps and conduct holistic vendor and market analyses.

5. Cost Recovery: A portion of the costs associated with this initiative is expected to be recoverable,
but that is not guaranteed and thus poses a risk to the financial prudence and on-time delivery of the
projects. To mitigate this risk, the initiative team will partner with Finance to ensure that, whenever
possible, adequate cost recovery actions are taken in the planning process for individual projects in
this initiative.

6. Stranded assets: As grid technologies continue to evolve, old technologies become obsolete, and
market conditions change, there is the possibility that certain assets are stranded due to
implementation of this initiative. The risk of these scenarios occurring is the key risk “as result” of
the initiative rather than “to” the initiative, and will need to be mitigated during implementation. To
mitigate this risk, the initiative will ensure that at each stage of product development that the risk of
new technology or changing market conditions don’t allow for a stranded asset scenario

It is important to also note that there are several new Strategic Initiatives at NYPA, including Asset
Management, Customer Solutions, and Workforce Planning that will have significant interfaces with the
Smart Generation & Transmission initiative. Management of dependencies across the NYPA Strategic Vision
2014-2019 will be critical to the success of this initiative.

Strategic Initiative Business Plan for Smart Generation & Transmission
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STRATEGIC RATIONALE
Approach and rationale

As aforementioned, it is NYPA’s ambition to be an industry leading Generation and Transmission organization
both in terms of capability and technology. Over the next 10 years this initiative aims to provide the
backbone for New York's reimagined energy grid with a market leading platform for future technologies and
services.

In the context of New York Energy landscape, the objectives of this initiative align with the Blueprint for
Governor Cuomo’s Energy Highway (“EH”), issued in 2012, as well as the 2014 launch of the New York Public
Service Commission “Reforming the Energy Vision (REV).” The key technology objectives of REV include
ensuring system reliability, increasing system resiliency and efficiency, maintaining system security,
maximizing energy efficiency and promoting fuel diversity. Aligning to this vision, NYPA will play a key role in
helping the State achieve these market reforms, while also addressing some of the pressing needs that exist
in NY’s energy market including the need to reduce congestion, increase efficiency and provide a flexible
resource for managing new generation sources.

Ownership of over 1400 circuit miles of transmission throughout NYS also means that the modernization of
its infrastructure to provide NYS with the flexibility it needs to meet this energy transition fits naturally into
NYPA’s mission and capabilities. This mission includes the stewardship of NYS natural resources, particularly
the hydro-power resources of the St. Lawrence River and Niagara Falls, in collaboration with international
treaties with Canada. NYPA’s mission statement “Power the economic growth and competitiveness of New
York State by providing customers with low-cost, clean, reliable power and the innovative energy
infrastructure and services they value” is accomplished through NYPA’s continuous improvement and
modernization programs and by its leadership and collaboration in programs such as the NY Energy Highway
initiative, energy efficiency programs, and public/private partnerships.

Aligning to these considerations and working in cross-functional teams, NYPA undertook a 4 step scoping
approach (see Figure 7) to identify the most critical projects that the Authority needs to undergo over the
next 10-15 years. This process allowed NYPA to examine and benchmark their infrastructure, the markets and
the overall initiative from an end-to-end value chain perspective. To that, having identified Smart Generation
& Transmission drivers across the marketplace that are driving this initiative (as outlined in the “Benefits to
NY State” section) and building on the findings from the strategic planning process undertaken in 2013, NYPA
was able to develop a series of objectives.

Strategic Initiative Business Plan for Smart Generation & Transmission
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Figure 7: 4-Step approach to scoping the initiative

1. Drivers
“What's Driving this Initiative?”

2. Objectives

“‘What are the priority _
areas that NYPA needs to

address?”

Project
Identification
Process

Once these objectives were identified, they were grouped into six key capability areas that NYPA will
implement over the next 10-15 years (Figure 8). By going through this approach, NYPA was able to identify
the most critical work that needs to be implemented by this initiative but also was able to ensure that

solutions were designed holistically and in a scalable manner.

Figure 8: Mapping NYPA Smart Generation & Transmission objectives to desired capabilities

Smart G&T Capability Map

ID NYPA Smart G&T Initiative Objective

A Maintain current reliability given future challenges and
improve where possible

B Repair and replace critical existing assets

c Ensure efficientcompliance to NERC standards in existing
and future projects
Maintain reliability in the face of increasing amounts of

D intermittent renewable resources and changing customer
demands
Not only save costs for NYPA but for NY state, and support

E : : :
economic growth & business development in NY

F Optimize the utilization of existing generation resources

G Optimize the utilization of existing grid assets
Accommodatethe integration of any type of generation

H anywhere on the grid, and support for other NY energy

initiatives
Reduce green-house gas emissions and support NY
environmental policy initiatives

Increased reliability & resiliency
(A’ Bl c)

Enhanced situational awareness
(A,B,D,F, G, H)

Optimizing aging transmission
assets (B, G)

Optimizing aging generation
assets (B, F)

Integration of bulk renewables
(D, H, 1)

Integration of distributed
generation (D, H, 1)
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Following the above approach, NYPA aims to establish a modern, flexible, and efficient grid that maximizes
reliability and resiliency while accommodating increasing amounts of power from clean and distributed
generation, reducing congestion and bottlenecks, and enhancing situational awareness and grid control. This
initiative will ensure flexibility and efficiency in the face of increasing demands on an aging grid by optimizing
the utilization of NYPA’s assets. By optimizing both the flow of power through existing and potential new
infrastructure and modernizing the maintenance and operation of our transmission assets, we will increase:

e  Flexibility: a flexible system will be able to accommodate changing load and generation profiles,
whether due to increased penetration of renewables or distributed energy resources, energy
efficiency, or increased demands on the system in extreme weather events. The system will be
operated in real time, incorporating information from devices deployed throughout the network that
provide information on current operating condition, operating limits, equipment health, weather
conditions, etc., and will ensure minimized congestion through maximized utilization of assets.

e Efficiency: the efficient grid will minimize losses throughout the system and deploy capital and labor
in the safest and most efficient ways possible. By operating to real time equipment limits, we will
continue to reduce bottlenecks, and by examining and planning toward maximized asset utilization,
we can reduce losses from over- or under-sizing certain system components. We will explore
autonomous maintenance planning and practice to continue to reduce the risk to our employees
involved in operating and maintaining the system while reducing downtime required to prevent or
correct failures. The seamless integration of distributed energy resources into the grid will also
facilitate customer control over their use and enable expanded energy management of buildings and
industrial facilities.

e Modernity: the modern, or “smart,” future for our transmission assets will incorporate cutting-edge
sensing, control, material, design, and maintenance technologies to move toward a self-healing (or,
at least, “self-alerting”) grid. We will build upon NYPA'’s position as a technology, research, and
innovation leader in this area and continue to scale our pilot research projects in these areas to full-
scale deployment as assets. Where necessary, we will collaborate with institutional research and
private sector institutions to develop new technology.

Strategic Initiative Business Plan for Smart Generation & Transmission
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INITIATIVE OVERVIEW

Description of the opportunity

The New York energy market is changing rapidly and is driving a need for industry transformation and
requirements to modernize existing infrastructure. The opportunity for NYPA to invest in smart-grid
technology across their Generation and Transmission infrastructure is an important step to facilitate this
energy transformation. The investments proposed in this initiative will pave the way for increased benefits to
customers by providing the State with a market leading platform for future technologies and services, better
management of distributed, renewable generation sources, near-real-time access to information, improved
outage management and overall reduced electrical losses and increased system efficiency.

Identifying Capability Requirements and Projects

There are many major markets of smart grid technologies, services and products that sit across existing, new
and modernized elements of the energy value chain. In addition, there are many working definitions of a
Smart Grid and many examples of initiatives under way that could be considered Smart Grid projects. It is
also important to note that the definition of a Smart Grid depends on what perspective you are coming from
— generation, transmission, or distribution. While there are common elements, and interaction between
them, they are at different stages of development and therefore focusing on different challenges and
technological solutions. Increasingly however, there are some global similarities emerging in smart grid
deployments, and we can broadly say that there may be five steps to realizing a truly intelligent utility:

Deploying an advanced communications platform
Deploying intelligent endpoint devices across the grid
Effectively using analytics, software and simulation
Rolling out controls and security

Ultimately deploying dynamic devices/smart appliances

DA o

Within these five areas, NYPA can deploy a whole host of technical solutions that will create a range of
benefits for both NYPA and NYS. However, in order to prioritize the most beneficial and cost worthy elements
of smart grid technologies and capabilities that exist in the marketplace today and ensure that the
investments made by NYPA will be saleable, sustainable and truly address the drivers identified by this
initiative, NYPA first identified the capability areas that it needs to build and then identified technical
solutions under those areas. This approach will allow NYPA to develop a business and organizational
response and well as a technical response to changing market needs. With that said, and as outlined by in the
Approach and rationale section, NYPA has identified six key capability areas that projects and ultimately this
business plan were designed and centered on. These six capability areas include;

Increased reliability & resiliency

Enhanced situational awareness

Optimized utilization of generation assets
Optimized utilization of transmission assets
Integration of bulk renewables

Integration of distributed generation

ok wnNkeE

In Figure 9 below, each of the capability roadmap area definitions are highlighted as well as the correlating
projects in each area.
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Figure 9: Summary view of Smart Generation & Transmission capability and project areas
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SOLUTION

Proposed solution

NYPA’s Smart Generation & Transmission initiative is a holistic deployment of capabilities across the entire
value chain. The projects and capabilities identified represent a response to both the challenges facing NYPAs
current infrastructure as well as the need to modernize in light of a transformation across the energy sector.
Figure 10 below highlights the end to end scope of this initiative mapped onto the existing value chain.

Figure 10: NYPA's end-to-end Smart Generation & Transmission focus areas

.Cnpah:llry Areas

Highlights within Capability Areas

¥ §

Optimization of
Generation Assets

B Integration of Bulk

Renewables

[odl Optimization of

Transmission Assets

Enhanced Situational
Awareness and EMS
Upgrade

E Resiliency and Reliability

Integration of Distributed
Generation

Industry Leading Template
Substation

Communications Backbone
at Most Critical Sites

AGILE and Smart Grid R&D
Microgrid Pilot

Sensors & Reconductoring

While each of the six capability areas identified will have its own discreet roadmap (as detailed in the
appendix), below are some of the key objectives they’re meant to address;

e Implementation of technologies to improve the flexibility of our system and the efficiency of our
maintenance and operations. These include those that have been proven already in the NYPA system
- for example, phasor-measurement units (PMU’s) or flexible alternating current transmission system
(FACTS) devices — and those that have not, such as robotic inspection, new conductor technology,
dynamic thermal rating, some of which have been piloted, but not scaled fully.

e Resiliency and reliability projects including the Emergency Energy Control Center (ECC) construction
and the MV90 system rebuild. The Emergency ECC will significantly improve the resiliency of NYPA’s
operations by providing a backup control center offsite with full capabilities in the event that system
operations staff could not occupy the ECC at CEC. Presently the project is in the study phase to
select the site and define the scope. The second smart gird improvement project for resiliency and
reliability is the build out of the MV90 Meter Data collection system which presently resides at the
Poletti Admin building. For improved support, and reliability, a second MV90 system will be built
and tested in the WPO datacenter with the eventual goal of retiring the system at Poletti.
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e System-wide improvements using capital investments in all of our technologies for increasing power
flow. The options to be studied range from eliminating unnecessary equipment constraints on
power flow (for example, undersized wave guides, current transformers, or connectors) to the
construction or purchase of new lines. Following the studies, leveraging and further developing
AGlLe R&D lab capabilities, we will design a program for investment that will most likely include
some combination of reconductoring, dynamic rating, FACTS deployment, or new construction.

e Bulk power storage plants program to provide a valuable benefit to the efficient operation of the
electric grid. The goal is to develop advanced modeling techniques that utilize the flexibility of
pumped storage, being a generation and demand-response asset, and its numerous capabilities to
provide ancillary services, and have a prototype that can eventually be adapted in ISO/RTO system
operations and its market software. The analysis and potential enhancements to how pumped
storage is utilized will range from the bidding process, to the optimization engine, all the way to
prices and settlements.

e The encouragement and incentivization of third party bulk renewable developers to interconnect to
the NYPA transmission system. This goal is in line with NYS initiatives for clean power and takes
advantage of NYPA’s expertise in implementing reliable interconnections as demonstrated with
other wind farm developers. NYS currently has approximately 20% generation in the form of bulk
renewable (15% hydro, 5% wind and other). The PSC has established a target that approximately
30% energy used (GWH) in NYS by 2015 comes from renewable sources. Grid can operate reliably
with a high percentage of bulk and distributed renewable generation. Identify locations in NYS
where NYPA’s transmission system substations provide good interconnection for additional bulk
renewables — such as mapping wind studies with TLEM to prioritize system improvements.

In addition, while Figure 10 above highlights the six key capability areas of focus, within these there are a
number of key highlights including the development of an industry leading substation, further build-out of a
communications backbone, the development of AGlLe and a microgrid pilot.

¢ Industry Leading Template Substation: Develop the use of substation intelligent electronic devices
to provide high resolution data on power system equipment condition both for real time operations
for enhanced clarity, for improving restoration times following an event by better retrieving data for
decision making and for long term trending for asset management. This mainly leverages equipment
that will be installed under other programs but needs to be better leveraged by fully realizing the
capabilities on board in these devices.

e Next-generation Energy Management System (EMS): A system operating architecture is proposed
that allows for a comprehensive fully coordinated operation of power systems. This architecture is
completely based on sensing and feedback to a central location. Therefore, increased sensors
installations and redundant, highly reliable communications links are central staples of such
architecture. NYPA will work within its R&D division and with external vendors and organizations as
necessary to design and implement the next-generation EMS.

e Communications backbone at most critical sites: A significant challenge of integrating Smart Grid
technologies, particularly over a wide geographic area for transmission, is for reliable, secure
communications systems. Often utilities relied on power line carrier analog communications over
the power conductor, direct point to point microwave or third party telephone circuits. As
technology has advanced, the required bandwidth has increased significantly, as well as the need for
security to ensure reliable system operation and to fully enable the capabilities of the smart IEDs
installed at the substations. To enable this NYPA will complete fiber optic programs at its most
critical sites.
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e AGILe and Smart G&T R&D: While the Smart G&T initiative assumes that the physical build of the
AGILe R&D lab, as well as the incremental FTE’s will be covered under the AGILEe business case,
setting the R&D agenda and directing the studies/activities in parallel to AGlLe are a significant
undertaking in the near term for this initiative. Examples of further studies to conduct include;

0 Next-Gen EMS R&D as detailed above

System studies

Power-flow improvement studies

O&M studies

Generation data analytics R&D study

Study to prioritize LEM efforts based on increased wind sites

Study to prioritize AGILE efforts based on increased wind sites

Market analysis for pricing re: purchasing power to pump BG

System planning study to analyze new modes of BG operation

DG incentivization study

O O O0OO0OO0OO0OO0oOO0oOOo

e  Microgrid Pilot: This initiative will demonstrate a microgrid installation and serve as an example of
the benefits that are included in distributed generation technologies. While there are microgrids
located within New York State, the uniqueness of the proposed pilot is that NYPA would like to
integrate these assets into their internal Virtual Power Plant software. An advanced controller would
be installed in order to allow remote monitoring and possibly control. Different control algorithms
would be tested to determine optimal ways to benefit customer, the distribution company, and
generation/transmission supplier. Testing will also include the ability to enhance resiliency by
disconnecting from the grid automatically or remotely, and the ability to send excess power back to
the grid.

One of the highest cost and benefit drivers of this initiative is the SGR3 roadmap area — Optimization of
Transmission Assets — and so it is important to elaborate on its various components:

e We will undertake a full battery of system studies to determine the best course of action for making
system-wide improvements using capital investments in all available technologies for improving
power flow. The options to be studied range from eliminating unnecessary equipment constraints
on power flow (for example, undersized wave guides, current transformers, or connectors), to the
application of energy storage and demand response for system support, to the application of
capacitors or other FACTS devices like the Convertible Static Compensator, to the construction or
purchase of new lines. We aim to substantially reduce congestion in the system and ensure the
system can handle a variety of load and generation profiles while taking care to minimize
inefficiencies — the goal is a right-sized, not overbuilt, system. Following the studies, which can
leverage or help develop eventual capability for the AGlLe lab, we will design a program for
investment that will most likely include some combination of reconductoring, dynamic rating, FACTS
deployment, or new construction.

e Some preliminary projects have already been identified by NYPA Transmission Planning and
Engineering. We plan to complete the tower separation efforts in Western New York and continue
to explore ways to improve transmission capability in Northern New York, probably involving the
addition of a conductor to the Moses-Adirondack corridor. These efforts will increase the amount of
low-cost hydropower we can send from Northern and Western NY. We will also complete networks
of dynamic line rating installations where applicable and continue our exploration of advanced ice-
phobic conductor materials to reduce downtime during storms. The studies to be commissioned will
explore efforts including and beyond these projects both in scope and in geographic region, with a
particular eye to continuing to reduce congestion at the most problematic interfaces. The work to
upgrade the controls on the Convertible Static Compensator, our FACTS device to reduce congestion
at our Marcy substation, will be included as part of this initiative.
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e Using results from the system study and examining internal data, whether O&M spending, existing
technology, operational considerations etc. we will design frameworks for implementing smart
O&M - a framework to prioritize sensor deployment and a framework for testing and implementing
advanced maintenance technologies and techniques, which we anticipate will include some
combination of live work and autonomous maintenance and data collection. Care will be taken to
align installations with TLEM work, when possible, to minimize downtime, and to establish the
“innovation pipeline” - a method of evaluating new technologies or approaches and smoothing their
transition from research to pilot to full system deployment. To correlate with existing TLEM work, we
will commission a final study, whether to be completed internally or by a third party, to ensure that
our TLEM work is as modern as it can be and helps to achieve the goals of this initiative.

Solution Design Principles

While the list of capabilities and projects proposed under this initiative is comprehensive and touches many
aspects of NYPA’s system, for the entire Smart Generation & Transmission solution, a number of common
solution design principles will be applied to ensure designed are scalable, readily compatible with changes in
technology and cost effective. Categories of NYPA design principles include;

e Cyber Security: Architecture must incorporate the latest cyber security techniques and adhere to
NERC CIP (Critical Infrastructure Protection) and other cyber security standards.

e Scalable Solutions: The Smart Generation & Transmission infrastructure should allow for the
management of hundreds of thousands of endpoint devices and loads.

e Leverage Industry Protocols: The infrastructure should leverage open standards and industry best
practices, establish repeatable processes and patterns, and provide a template for all demand
response solutions

e Interoperability: Smart Generation & Transmission technology solutions and requirements should be
both vendor and platform independent; “plug and play” architectures should be leveraged as much
as possible to allow for the deployment of scalable and interoperable solutions.

e Top-down approach: Roadmaps and projects in this initiative will be carried out with the necessary
amount of coordination and oversight to ensure a comprehensive and seamless solution. Ample
consideration will be given to NYPA's bottom-up capital budgeting process in the planning of each
individual project within the broader solution, so that confirmed projects are funded and executed in
a timely manner.
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Roll-out plan

The table below represents the delivery categories of each of NYPA’s proposed Smart Generation &
Transmission Projects. Depending on the categorization, the level of effort will vary across the deployment
plan.

Table 2: High-level Smart Generation & Transmission roll-out plan

[_Roadmap | _________ProjectName ____| R&D | Pilot] Implementation

SGRO Initiative implementation plan

SGRO Operating model / Project delivery team set-up O
SGRO Smart G&T Enterprise Architecture ®
SGR1 Pilot substation architecture ®

SGR1 Deploy substation architecture and additional IED's @ ]
SGR1 Fiber-optic communications backbone study L]

SGR1 Fiber-optic communications backbone implementation ® L]
SGR1 Infrastructure hardening study ®

SGR1 Infrastructure hardening projects ®
SGR2 Next-Gen EMS R&D L]

SGR2 Next-Gen EMS implementation @ ®
SGR2 Data cleanup ®
SGR2 Data analytics/applications ]
SGR2 Additional hardware/sensors ®
SGR3 CSC upgrades ®
SGR3 System studies L]

SGR3 Power-flow improvement studies ®

SGR3 O&M studies ®

SGR3 Tower splitting at Western NY ®
SGR3 Replacing conductors on MA line ®
SGR3 Adding conductorto MA line L]
SGR3 Reconductoring 20% of NYPA lines ®
SGR3 Additional transmission instrumentation ]
SGR3 Construction of 1 new STATCOM @
SGR3 3 new capacitor banks k=S
SGR4 RMNPP governorand controls upgrade °
SGR4 St. Lawrence study optimal scheduling software replacement ®
SGR4 STL headgate systemupgrade ®
SGR4 Generation data analytics R&D Study [ ]

SGR5 Study to prioritize LEM efforts based on wind sites @

SGR5 Study to prioritize AG|Le efforts based on wind sites L]

SGR5 Grid-scale battery storage pilot project ®

SGRS Participate in EPRI program 173 ®

SGR5 Market analysis for pricing re: purchasing power to pump BG L]

SGR5S System planning study to analyze new modes of BG operation ®

SGR6 DG/Micro-grid pilots ®

SGR6 DG incentivization study (incl. IEEE standards, etc..) [ ]

SGR6 Virtual Power Plant (incl. DERMS) ] ®

Suggested business model

In order to deliver an initiative on this scale, a clear and defined initiative operating model will need to be
designed. Across all of the capability areas NYPA will need to significantly add not only skill sets but also
incremental FTEs. The delivery strategy and sourcing of resources will depend in each case on the solution
being developed however at this stage the requirement for an additional 40 to 60 FTE resources has been
identified. In all subsequent tables, “Post-2020” indicates final years 2021-2025 of this initiative.
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Table 3: Range of anticipated FTE's needed by capability roadmap area, ro be ramped between 2014-2025

ID Capability FTE Requirements Range
SGRO Initiative management Low ~2-5
SGR1 Increased reliability & resiliency Medium ~6-8
SGR2 Enhanced situational awareness Medium ~6-8
SGR3 Optimized utilization of transmission assets High ~18-20
SGR4 Optimized utilization of generation assets Low ~3-4
SGR5 Integration of bulk renewables Low ~2-3
SGR6 Integration of distributed generation Medium ~6-8
Total ~40-60

*FTE requirements 2014-2025. FTE ramp rate and overall FTE requirements will depend on project delivery model.

Table 3 above is a summary of estimated NYPA FTE counts, either reallocated or incrementally hired, that
will be needed to roll out the Smart G&T initiative. As the initiative progresses, new incremental resources
will need to be absorbed and trained up for new roles. Cumulatively, this adds up to a total range of 40-60
roles, either incremental or reallocated, resulting from the implementation of this initiative and inevitably
comprises a significant transformation within NYPA’s operational units. The FTE counts above do not include
contractors directly associated with implementation projects — those contractor costs however are included
in the initiative’s costs summarized in the next section.

Incremental FTE’s will sit across various domains including engineers, linemen, technicians, data scientists
(IT), and business (ERM, R&D). For example;

e Implementation of smart grid technology will require the development of additional skill sets within
NYPA’s G&T organization. For example, the implementation of advanced transmission line
inspection equipment such as robots ot unmanned aircraft will require new skills to operate and
manage. Through a close link with future asset management data functions, the ability to operate on
data-driven recommendations will also need to be developed.

e The deployment of Smart Grid technology and increased use of IEDs for data reporting will require
significant increased support for highly skilled engineers and technicians. It should be noted that
there can be a steep learning curve associated with deployment of new technologies used in NYPA’s
core business. These types of systems are a unique skill sets combining power system theory,
communications, and computer analysis, which will require internal training, and retention to ensure
NYPA has qualified personnel to work on these systems. Skilled engineering personnel will also be
required to analyze condition monitoring data to assist operation personnel to make maintenance
decisions, and Operations staff will require additional training and resources to be able to utilize
these technologies to support the reliable operation of the power system.

o Deployment of these technologies, in a reliable manor unto themselves will require separate
development systems to verify the IED and data concentrator functions and capabilities, prior to
deployment at a substation. Such a development system will ensure efficient and effective
commissioning and operation of these systems in the field, allow of testing of future expansion and
upgrades, and provide a training system for end users.

Categories of resources identified by this initiative include a) internal, b) external and c) internal incremental.
While category b) and c) above will be new and incremental FTEs, for category a) there will be significant
retraining efforts that need to be considered. Overall however there are a number of key next steps to define
the future Smart Generation & Transmission delivery model including;

o Design new Smart G&T operating model and detailed organizational sizing requirements
e |dentify roles and responsibilities and KPI’s
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e Implement Smart G&T Governance
e Stabilize operations around identified organizational groups
e Enforce and orchestrate activities

Suggested governance structure

A Smart Generation & Transmission organization is proposed in order to deliver the program of work
identified. While the additional resource requirements have been identified at a high-level to date, additional
organizational support structures are also being considered. New roles will need to be created in the
organization including dedicated levels of responsibility across;

Executive Sponsor

Smart Generation & Transmission Oversight Function
Capability Areas and Project Leads

Smart Generation & Transmission Implementation Teams

Figure 11: Smart Generation & Transmission Governance Structure (lllustrative)

Strategic

m Smart G&T Program
Management Structure, Policy
and Procedures

m Strategic Decisions

m Transition Readiness /
Program Filter

Smart G&T
Oversight Function s Enhancements

m Decisions within Work Stream
/ Initiatives

m Key Stakeholder Impact

m Work Stream / Initiative
specific issues Capability Areas and Project Leads m Significant Program Changes

¥ Smart G&T
Implementation Implementation Teams

For 2015 NYPA has identified the need to add twelve FTE's to create the Smart Generation & Transmission
governance function. This team will be responsible for overseeing the implementation of the organizational
structure required to deliver this initiative. While 40-60 FTEs have been identified at this stage for
incremental work throughout the initiative years, one of the first tasks for this core team upon board
approval of this business plan will be to finalize project implementation plans and understand the ramping of
these resources across the initiative. This core team will also be responsible for taking subsequent, detailed
project plans and resource requests to the board for approval on a per-project basis. At this stage, a decision
will be made on what resources will be embedded to this new team and what resources will be part of the
overall transition Smart Generation & Transmission organizations. Throughout the design, a range of Smart
Generation & Transmission Operating Model principles will be applied;

e NYPA’s Smart Generation & Transmission organization will be designed to efficiently develop and
deliver new customer, operational and technology focused capabilities

e New governance structures will enable the type of communication and potential for cooperation
with key Smart Generation & Transmission Stakeholders

e The new organization will be conscious of short-term goals, and long-term objectives
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e Existing NYPA functions will provide transitional operational support to the business and assist in the
transition of these responsibilities to core operations.

e Planned initiatives such as Asset Management and AGlLe will provide operational support

e Smart Generation & Transmission will be an evolving organization that is focused on continuous
improvement that needs to be agile, resilient, and responsive to iterating.

Initiative Implemenation Planning

As part of the next phase of implementation planning, the Smart G&T initiative team will work on four key
areas throughout the remainder of 2014. Each of these four areas will ultimately provide the bottom up
business case validation, operating model and detailed project plans needed to finalize the initiative. While
the first area recommends a continuation of refining this document, the subsequent three workstreams will
validate the content proposed here and set forth a delivery structure, as outlined further below.

20 Weeks (Rest of 2014)
————————— -
1. Finalize Business Incorporate Final
Plan Reviews (EMC /

SAC /Board etc)

Create Smart

2. Operating Model G&T Op Model ganizati \ Reﬂ-ect and
Design and FTE Plan Improve
Detailed project
3. Implementation implementation Deliver/Augment Overall Smart GET

Plan plan & Implementation plan
architecture™ ) g

4. Project / Study Croate Individual N, Implement “Tailored” and
Charters and Project / Study deta{led fndlyrdu_a! prqect and
Deployment Charlers . Study deployment plans

*’Scope Milestone /Deliverable ‘ Proposed Scope - Potential future scope pending developmentapproach

*Qverall Enterprise Architecture approach still TBD

Operating Model Design

Building on the content in this document, the main purpose of this stream is to create a Smart Generation &
Transmission team, operating model, sourcing strategy and overall governance structure to deliver the
initiative. It is also to conclude the top-down estimate of resource needs and launch a more detailed bottom-
up approach.

Key Activities:
e Develop functional operating model
e Conduct role analysis
e Create the organizational structure and develop organizational staffing plan
— Smart Generation & Transmisison Oversight Function
— Capability Areas and Project Leads
— Smart Generation & Transmission Implementation Teams
e Launch Smart Generation & Transmission organization and implement governance
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Detailed Implementation Plan

This stream will create an overarching implementation plan and system architecture. The implementation
plan will be a detailed project plan that aligns to the top-down Smart Generation & Transmission approach
and overall charter development efforts, with milestones, dependencies and project management tools
defined.

Key Activities:
e Implementation Plan
Create end-to-end project plan with deliverables and milestones
Align individual project charter with end-to-end timeline
Detailed Project Plans for prioritized projects
Enterprise Architecture (final scope to be added to this approach)
System Blueprint
Technical Requirements analysis (include data model requirements)

Project / Study Charters and Deployment

The purpose of this stream is to create individual project / study charters and definition of the business
solution as prerequisites for the funding approval of individual projects. Any business case unknowns should
be resolved here (or a plan put in place to resolve them). Detailed project costs and schedule estimates for
the entire project should be significantly increased in accuracy. In addition, evaluation and deployment of
quick wins will be part of this workstream.

Key Activities:
e Complete individual project / study charters
Project / Study overview (Detailed description and project justification)
Project scope (Requirements & Deliverables)
Project / study plan (Timeline and project / study plan including executive milestones)
Detailed financials (Detailed estimates and funding sources)
Project organization charter approval (Roles & responsibilities and governance)
Implement quick wins where applicable
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BENEFITS AND REVENUE
High-level benefits description

This section outlines the many benefits that are expected as a result of rolling out this initiative. As Figure 12
below suggests, there are three large buckets of benefits — financial to NYPA, financial to NYS and non-
financial — as well as various categories of benefits that fall within those buckets.

Figure 12: Summary of initiative financial and non-financial benefit categories

Financial Benefits to NYPA Smart G&T Non-Financial Benefits to NYPA

Investment

Portfolio |+ Maintained system

» Reduced Capital

* Generation Savings | seourity
(Hydro) i * Maximized energy
» Reduced O&M 1 efficiency

* Reduced Technical Losses
* Increased Revenue

/| » Fuel diversity

i * Increase safety

| * Reduced GHG

| Emissions

i * Increased reliability !
| * Increased proliferation |
Benefits to | of renewables

* Reduced Congestion
« Generation Savings (Wind)

* Asset Optimization Financial NYS * Productivity Increases |
. Eeduced Transmission B;::;:;]ato P Egrr:?rr;TEd System
0sses ! ; :
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While financial benefits and the positive benefit-cost ratio form the investment-grade foundation of this
business plan, non-financial benefits are equally as important. Below highlights some of the key non-financial
benefits listed above:

e Maintained system security for NYPA — By following NERC-CIP requirements and design guidelines,
this initiative will maintain system security at NYPA in the face of growing new advanced hardware
and software installations.

e Increased safety for NYPA — By automating as much of grid controls and maintenance as possible,
NYPA will reduce the number of man-hours needed to perform often dangerous activities, and thus
raise overall safety at NYPA.

e Higher % penetration of renewables for NYS — Through efforts such as studies to better facilitate
interconnection of bulk wind power sites to NYPA’s system, as well as distributed generation/micro-
grid piloting, this initiative will encourage a higher % of bulk and distributed renewable penetration
in NY State.

e Reduced greenhouse gas emissions for NYS — By efforts such as reducing technical losses on
transmission lines, increasing flow of hydro power and higher integration of renewables, this
initiative will help NY state reduce greenhouse gas emissions

e Reliability improvements for NYPA and NYS - By efforts such as upgrading lines, strengthening
transmission capacity, and adding sensor/remote monitoring capabilities, this initiative will help both
NYPA and NY state improve system reliability

e Enhanced system control for NYPA and NYS — By setting up and proliferating use of advanced
monitoring and control capabilities in both generation and transmission assets, NYPA will be able to
better manage load and supply throughout its system in real-time.

Table 4 below presents a complete list of the projects under this initiative are mapped to the appropriate
benefit categories, both financial and non-financial.

Strategic Initiative Business Plan for Smart Generation & Transmission
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Table 4: Smart Generation & Transmission projects mapped to financial and non-financial benefit categories

Benefits
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Reduced Transmission Losses
Generation Savings (Hydro)

Generation Savings (Hydro)
NYPA / NYS Reliability |Increased Reliability

Increased Revenue
Generation Savings (Wind)

Asset Optimization
Reduced CO2 Emissions
Increased Safety

Increased Reliability
NYPA / NYS Security |Reduced Widecasle Blackouts ([e|e|e (e @ | ®

Reduced O&M
Reduced Capital
Asset Optimization
Reduced Congestion
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Financial benefits

Table 5 below is a summary of the financial benefits anticipated from rolling out the Smart Generation &
Transmission initiative. Subsequent material presents detail on how these benefits were estimated from a
bottom-up examination of each roadmap area and potential benefit categories.

Table 5: Summary of projected benefits from implementing the Smart Generation & Transmission initiative

Benefits to New York State ($ '000)

Category 2014 2015 2016 2017 2018 2019 2020 Post 2020
Savings from
Reduced Congestion S - S - S - S 41,000 $ 43,000 $ 150,000 $ 126,000 $ 153,000
Generation Savings (Increased Wind) = $ - S - S - S - S - $ 21,000 $ 21,000 S 21,000
Asset Optimization S - S - S - S - S - $ 9,000 $ 9,000 $ 9,000
Reduced Transmission Losses
S = S = S 1,400 S 1,400 $ 1,400 $ 3,050 $ 3,100 S 3,150
Increased Reliability S - $ = S - S 400 $ 4,300 $ 5000 $ 4200 $ 5,100
Generation Savings (Increased Hydro) = $ - S - S - S - S 5,000 S 9,000 $ 18,000 S 18,000
Total ($ '000) S - S - $ 1,400 $ 46,500 $ 53,700 $ 197,050 $ 181,300 $ 209,250
Total NYS benefits ($ '000) S 1,526,200
Category 2014 2015 2016 2017 2018 2019 2020 Post 2020
Reduced O&M $ 1,183 S 1,422 S 13695 S 18,525 $ 17,332 $ 20,520 S 21,142 S 17,348
Reduced Capital S - S - S - S 6,000 S - S 6,000 S 6,000 S 6,000
Asset Optimization S - S - S - S - S - $ 1,000 $ 1,000 $ 1,000
Total ($ '000) $ 1,183 $ 1,422 $ 13,695 $ 24525 $ 17,332 $ 27,520 S 28,142 $ 24,348

Incremental revenue to NYPA ($ '000)

Category 2014 2015 2016 2017 2018 2019 2020 Post 2020

Customer revenue S - S - S 969 $ 1,938 $ 2,907 S 3,876 S 4,845 §$ 5,814
CSC Revenue S - S - $ 11,807 $ 11,962 $ 12,121 S 12,283 $ 12,450 $ 12,621
I1SO revenue S - S - S - S - S 8,000 S 8,000 S 8,000 S 8,000
Total ($ '000) $ - $ = $ 12,776 $ 13,900 $ 23,028 $ 24,159 $ 25295 $ 26,435
Total savings & revenue to NYPA ($ '000) $ 466,893

Benefit assumptions

The initiative-level benefits summary above was compiled by rolling up estimate calculations by benefit
category made within each of the six roadmap areas. The following Table 6 shows which benefit categories
were realized in which roadmap areas and provides a high-level description of how those benefits are
expected to be realized in that area. For more detailed documentation of the calculations behind each
roadmap area’s benefit categories, please see appendix items as referenced in each line below.

Strategic Initiative Business Plan for Smart Generation & Transmission
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Table 6: Benefit category detail and assumptions by capability roadmap area

1D

Roadmap

Projects

Benefit Category

Category Detail

#in Appendix

\EE] Table
« Pilot Substation Architecture Increased Reliability Reducgd c_:onge_stlon costs due to avoided 1
« Deploy substation architecture and transmission failures
s : Reduced O&M Reduced O&M - Maintenance 2
Increase additional IED's Reduced O&M to NYPA due to improved
SGR1 Religpility/ . F?ber—opt?c comms backbone ;tudy Reduced O&M reliability 3
Resiliency * Fiber-optic comms bgckbone 'mp . Reduced Capital - Installation of MA fiber if
« Infrastructure Hardening Study Reduced Capital . , 4
« Infrastructure Hardening Projects - MA line rebuild prc_)ceeds
Reduced Capital Comms lease savings to NYPA 5
Reduced Congestion 20% reduction in NYS congestion 6
Generation Savings Reduced energy costs due to additional 7
(Increased Wind) 300MW wind savings to NYS
* Next-Gen EMS R&D o Economy (reduction in wear & tear) savings
Enhance « Next-Gen EMS Implementation Asset Optimization to NYS 8
SGR2 |Situational + Data cleanup Asset Optimization Safety (equipment damage only) to NYS 9
Awareness « Data analytics/applications Reduced O&M Economy (O&M reduction) 10
* Additional hardware/sensors? Reduced Transmission |Efficiency (1% technical loss reduction) 1
Losses savings to NYS
Reduced O&M FTE O&M savings to NYPA 12
Lo Economy (reduction in wear & tear) savings
Asset Optimization t0 NYPA 13
Generation Savings
Incr flows of low-cost hydro 14
i (Increased Hydro)
« System studies
« Power-flow improvement studies Increased Revenue ISO revenue from additional hydro 15
* O&M studies
« CSC Upgrades Increased REvenue CSC revenue from CSC upgrades 16
Optimizing « Tower Splitting at Western NY
SGR3 |Transmission |+ Replacing conductors on MA line Reduced Congestion 10% reduced congestion to NYS 17
Assets « Adding third conductor on MA line
« Additional instrumentation Reduced Capital Capital — investment savings 18
« Reconductoring 20% of NYPA's lines Reduced Transmission . .
« Installation of one new STATCOM Losses Reduced transmission line losses 19
« Construction of 3 new capacitor banks
Reduced O&M O&M — maintenance savings 20
« RMNPP Governor and Controls Upgrade
Optimizing « St. Lawrence Study Optimal Scheduling
SGR4 |Generation Software Replacement Reduced O&M Reduced maintenance, labor and down-time 21
Assets « STL Headgate System Upgrade
« TBD Generation Technology R&D Study
« Study to prioritize LEM efforts based on Depending on the outcome of the studies,
increased wind sites there is potential but as yet unquantified
« Study to prioritize AGILE efforts based on benefits from:
. increased wind sites - reduced greenhouse gas emissions to NY
Integration of - . .
SGRS |Bulk . Gr|d_-s.cale pattery storage pilot project N/A st.ate _ N/A
Renewables « Participate in I?PRI prpgram 173 ‘ - |ncrg?.se to NY state renewable portfolio
« Market analysis for pricing re: purchasing - additional revenue to NYPA from
power to pump BG optimized BG operations and financial
« System planning study to analyze new savings to NY state from higher wind
modes of BG operation penetration
Integration of : gg/mgz{glzigg?:m dy (incl. IEEE Revenue from customer based on
SGR6 |Distributed : Increased Revenue distributed generation revenue and build / 22
Generation standards, etc) maintenance fees and revenue sharing
« Virtual Power Plant (incl. DERMS)

Confidence level of benefit realization

Across the initiative project portfolio we have identified projects and associated benefits through the
employment of assumptions, market knowledge and NYPA specific data points.

While we believe the benefit assumptions are directionally correct and provide a positive state-wide benefit-
cost ratio for NYPA to proceed with investment, more work is needed to assess the viability of many of these
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projects. For that reason, a lot of studies and R&D work is frontloaded in the initiative. Also, we suggest each
project create a charter and implementation plan along with a detailed cost benefit analysis as a next step
from this initiative. This staged gate process will ensure that only the viable projects are executed and an
accurate benefits tracking process will be followed.

The following represents the overall confidence that the specified revenue and benefits will be realized, using
the scale that follows.

Confidence level of benefit realization Confidence level Benefit/revenue realization range
Please indicate the overall confidence that the specified revenue benefits _ +/- 5% of expected benefits
will be realized, using the scale specified to the right. Using the specified High +/- 10% of expected benefits
confidence level, a confidence-adjusted revenue and benefit range is then Medium +/- 20% of expected benefits
estimated. +/- 30% of expected benefits
Benefits Low _‘ +/- 50% of expected benefits
Revenue Low

Low High
Total NYS benefits ($ '000) $1,068,340 $1,984,060
Total savings and revenue to NYPA ($ '000) $ 326,825 $ 606,961

Revenue and Cost recovery plan and assumptions (if applicable)

Strategic Initiative Business Plan for Smart Generation & Transmission



FUNDING FOR THE INITIATIVE
Intended sources of funding

The Smart Generation & Transmission initiative will be funded via a combination of NYPA’s O&M and Capital
budgets, as well as debt. Several high-cost projects adding up to around $360 million, including a $275 million
replacement of conductors on the Moses-Adirondack line and a $41 million Robert Moses governor and
controls upgrade, have been proposed in NYPA’s long-term capital plans already and specific cost recovery
mechanisms have been identified. These and other potential cost recovery avenues for the remaining $570
million of planned spend are listed below and will be explored as part of this initiative:

e NYPA Transmission Adjustment Charge (NTAC): This tariff allows cost recovery for “replacement in
kind” investments, such as the planned project to replace conductors on the Moses-Adirondack line

e NYISO Open Access Transmission Tariff (OATT): This tariff includes the Reliability Facilitation Charge
recovery mechanism, as well as the congestion cost recovery mechanism under the Congestion
Assessment and Resource Integration Study (CARIS).

e Hydro rate recovery: This mechanism allows cost recovery for certain hydroelectric upgrade
investments, such as the planned Robert Moses controls upgrade

e NYISO Transmission Congestion Contracts (TCC): This mechanism allows cost recovery for TCC-
related projects such as the planned Convertible Static Compensator (CSC) upgrades

To further illustrate, below is a table of the top ten costly projects in the Smart Generation & Transmission
initiative and potential rate recovery mechanisms.

Table 7: Rate recovery potential of top ten highest-cost Smart Generation & Transmission projects

Project Name Cost ($°000) Cost Recovery Mechanism

SGR3 Replace conductors on MA line $273,980 NTAC

SGR3 Reconductoring additional 20% of NYPA lines $147,000 Potential through NYISO-OATT
SGR3 Adding conductorto MA line $100,000 Potential through NYISO-OATT
SGR1 Fiber-optics comms backbone build-out $67,790 Potential through NYISO-OATT
SGR3 Additional transmission instrumentation $59,482 Potential through NYISO-OATT
SGR4 RMNPP governor & controls upgrade $41,261 Hydro-rate recovery
SGR3 Construction of 1 new STATCOM $35,000 Potential through NYISO-OATT
SGR3 3 new capacitor banks $30,000 Potential through NYISO-OATT
SGR4 STL headgate system upgrade $23,230 Hydro-rate recovery
SGR3 Tower splitting at Western NY $16,000 Potential through NYISO-OATT
SGR3 CSC upgrade $15,000 TCC

However, it remains to be seen whether these recovery possibilities are fully realized. As a very preliminary
estimate for the purposes of this business plan, a two-thirds of the initiative’s costs are assumed to be
funded by NYPA equity and the rest by debt. The funding breakdown is laid out in Table 8 below. This level of
equity-to-debt funding could change depending on cost receovery mechanism, NYPA's overall capex plan and
financial market conditions. It should also be noted that timing of a project may be affected if it is going
through a regulatory cost recovery process.

Strategic Initiative Business Plan for Smart Generation & Transmission
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Table 8: Initiative funding sources

Intended total funding sources

Percentage of funds

Source Selected Value ($ '000)
Bond issuance Yes S 311,816
Cash reserves Yes S 623,631
Third-party funds No S -
Other No S -
Total $ 935,447

33%
67%
0%
0%
100%

Any values that have been entered for one or more subinitiatives will be automatically included in the table below at the aggregate level.

Expected annual funding profile

Category 2014
Bond proceeds $ 919.39
Third-party funds

Total external funds $ 919

Interest payments

Debt retirement

Other

Net external funds impact $ 919
NYPA cash S 1,839
Total annual cost S 2,758
Total external funding ($ '000) $

Total NYPA cash ($ '000) S

Confidence level of external funding

2015

S 5,929
$ 5,929
$ 5,929
S 11,858
S 17,787
311,816
623,631

2016
32,945

32,945

32,945
65,890
98,835

Please indicate the overall confidence that the indicated external funding
levels will be realized, using the scale specified to the right. Using the

specified confidence level, a confidence-adjusted range of external

funding is then estimated.
Confidence level Low

Low
External funding ($ '000)
Residual NYPA cash funds (S '000)

High

$ 218,271 $ 405,360
$ 717,176 $ 530,087

2017
S 50,702
S 50,702
S 50,702
S 101,404
S 152,106

Confidence level

High

2018
S 61,767
$ 61,767
$ 61,767
S 123,533
S 185,300

Medium

Low

IEST /- 50 of expected funding

2019
S 55,296

$ 55,296

$ 55,296
S 110,592
S 165,888

$

$

2020 Post 2020

37,677 S

37,677 $

37,677 $
75,353 S
113,030 S

External funding range

+/- 5% of expected funding

+/- 10% of expected funding

+/- 20% of expected funding

+/- 30% of expected funding

13,316

13,316

13,316
26,632
39,949
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COSTS
Initiative cost (i.e. costs associated with implementing the initiative)

Table 9 below is a summary of financial cost estimates needed to roll out the Smart G&T initiative at NYPA.
Subsequent material offer detail on how these cost estimates were derived from a bottom-up examination of
each roadmap area and its cost categories. At this early stage, without knowing the exact split of O&M costs
between headquarters and sites, half of O&M costs are assumed in one and half in the other.

Table 9: Summary of cost estimates for implementing the Smart Generation & Transmission initiative

O&M costs - Site ($ '000)

Category 2014 2015 2016 2017 2018 2019 2020 Post 2020

Grid Hardware $ - S - S - S - S = $ = S - S =
Generation Hardware S - S - S - S - S - $ = S - $ =
Comms $ = 8 | - [s - IS = 8 - IS = $ =
AGILE $ = 8 | - [s - IS = 8 - IS = $ -
Labor S 238 S 988 $ 2,294 S 2,481 S 2,613 S 2,788 $ 2,788 S 2,263
Software S - S - S - S - S - $ 5250 $ 250 S 250
R&D S - S 613 S 438 S 175 §$ 175 $ 175 $ 175 §$ 175
Training S - S - S 88 $ 28 S 15 S 15 S 15 S 15
Total annual Site O&M $ 238 S 1,600 $ 2,819 $ 2,684 S 2,803 $ 8,228 $ 3,228 $ 2,703
Total initiative Site O&M costs ($ '000) $ 35,110

Category 2014 2015 2016 2017 2018 2019 2020 Post 2020
Grid Hardware S - S - S - S - S - S - S - S -
Generation Hardware S - S - S - S - S - $ = S - $ =
Comms $ = 8 S - [s - IS = 8 - s = $ =
AGILE $ - |s - |8 - |s - s ] = 8 - s -
Labor S 238 S 988 S 2,294 S 2,481 S 2,613 S 2,788 S 2,788 S 2,263
Software $ = |8 = |8 - |s - s - $ 5250 $ 250 S 250
R&D S - S 613 S 438 S 175 S 175 S 175 S 175 S 175
Training $ = S - S 88 S 28 S 15 $ 15 $ 15 % 15
Total annual HQ/OH/Other costs $ 238 $ 1,600 $ 2,819 $ 2,684 $ 2,803 S 8,228 $ 3,228 $ 2,703
Total HQ/OH/Other initiative costs ($ '000) $ 35,110

Category 2014 2015 2016 2017 2018 2019 2020 Post 2020
Grid Hardware $ 1,100 $ 8690 S 71,663 S 116,713 $ 138,338 S 114638 $ 86,658 S 31,270
Generation Hardware S 948 S 2,192 S 7,441 S 12,125 $ 10,682 $ 11620 $ 9,742 $ 1,948
Comms $ = 8 600 $ 6940 S 12,350 $ 25500 $ 18,000 $ 5000 $ -
AGlLe R&D $ = 8 - $ 2000 $ 2,000 $ 2,000 $ 2,000 $ 2,000 $ -
Labor $ - S 625 S 1,575 $ 1,575 $ 1,575 $ 1,575 $ 1,575 $ 1,225
Software S 236 S 1,201 $ 2,725 S 1,975 $ 1,600 $ 1,600 $ 1,600 $ 100
R&D $ = 8 425 $ - |5 = |8 ] = 8 - s -
Training S - S 854 § 854 S - S - S - S - S -
Total annual Capex $ 2,283 S 14587 $ 93,198 $ 146,738 $ 179,695 $ 149,433 $ 106,575 S 34,544
Total initiative Capital expenses ($ '000) S 865,227

Total initiative costs ($ '000) S 935,447

Initiative cost assumptions

The initiative-level cost estimates summary above was compiled by rolling up calculations by cost category
made within each of the six roadmap areas. The following table shows which cost categories were incurred in
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which roadmap areas and offers a high-level description of how those costs are expected to be incurred in
that area. For more detailed documentation of the calculations behind each roadmap area’s cost categories,
please see appendix items as referenced in each line below.

Table 10: Cost category detail and assumptions by capability roadmap area

Roadmap . . #in Appendix
ID P t Cost Cat Cat Detail
Name rojects ost Category ategory Detai Table
Smart G&T * Smart Grid Enterprise Architecture Labor Smart G&T Initiative Project Delivery 23
SGRO |Initiative * Project / Implementation Plan Labor Smart Grid Enterprise Architecture 24
Delivery e Smart G&T Initiative Project Delivery Labor Project / Implementation Plan 25
Comms Fiber Optics Comms Backbone Build- 26
QOut
Labor for Smart Substation Architecture
« Pilot Substation Architecture Labor gnd Comms buildout internal and 27
) ; incremental to LEM
« Deploy substation architecture and - -
Increase additional IED's Grid Hardware  |Physical assets 28
- - . Grid Hardware  |Incremental Cost to TLEM (2.6M) 29
SGR1 |Reliability / « Fiber-optic comms backbone study
- . . . Software IT - Redundant MV90 30
Resiliency * Fiber-optic comms backbone imp - -
) Fiber Optics Comms Backbone
« Infrastructure Hardening Study Comms T ) . 31
) . Preliminary Engineering
« Infrastructure Hardening Projects Phvsical Hard for Devel n
Grid Hardware ysical Hardware for Developmen 32
system
Labor 3rd Party Labor to Build Development 33
system
Software Next-gen EMS upgrade/licenses 34
* Next-Gen EMS R&D Labor Internal support work interface with 35
Enhanced * Next-Gen EMS Implementation AGlLe
SGR2 (Situational » Data cleanup AGILE R&D Requirements for next-gen
. L AGILE 36
Awareness « Data analytics/applications EMS
* Additional hardware/sensors Software Transfer and collection of sensor data |37
Training Training 38
Grid Hardware  |Physical Assets 39
» System studies Grid Hardware  |Physical Assets 40
* Power-flow improvement studies Grid Hardware  |Physical Assets 41
* O&M studies Grid Hardware  |Instrumentation 42
» CSC Upgrades Grid Hardware  |Physical Assets 43
Optimizing » Tower Splitting at Western NY Grid Hardware ~ |Physical Assets 44
SGR3 [Transmission [+ Replacing conductors on MA line Labor Labor 45
Assets * Adding third conductor on MA line Grid Hardware ~ |Physical Assets 46
* Additional instrumentation ) Grid Hardware ~ |Physical Assets 47
» Reconductoring 20% of NYPA's lines
« Installation of one new STATCOM R&D R&D 48
« Construction of 3 new capacitor banks Software I 49
Training Training 50
(:zrr:jerztrlé)n RMNPP Gowernor and Controls Upgrade |51
* RMNPP Governor and Controls Upgrade Gen(\all\’lat'on
Optimizing  St. Lawrence Study Optimal Scheduling : STL Headgate System Upgrade 52
. Hardware
SGR4 |Generation Software Replacement — —
Training Training 53
Assets * STL Headgate System Upgrade St Lawrence Studv Ontimal Schedulin
» Generation Data Analytics R&D Study R&D - -aw udy Opti uing| g,
Software Replacement
R&D Generation Data Analytics R&D Study |55
« Study to prioritize LEM efforts based on
increased wind sites R&D 6 studies to incentivize bulk renewables 56
« Study to prioritize AGILE efforts based on and optimize BG
Int i . increased wind sites
ntegration of 1, 5yiq scale battery storage pilot project
SGR5 |Bulk e -
R bl « Participate in EPRI program 173 Lab R dies bel 57
enewables |\ et analysis for pricing re: purchasing abor esources to oversee studies below
power to pump BG
» System planning study to analyze new Traini Traini 58
modes of BG operation raining raining
Labor Labor 59
Integration of + DG/Micro-grid pilots Grid Hardware  |Microgrid Pilot installation 60
A « DG incentivization study (incl. IEEE Grid Hardware | Virtual Power Plant 61
SGR6 |Distributed -
Generation standards, etc) Software Virtual Power Plant 62
* Virtual Power Plant (incl. DERMS) R&D Study - optimal placing and sizing for 63
DG
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Confidence level of costs

The following represents the overall confidence that the cost levels will be met.

Confidence level of initiative and post-implementation costs Confidence level Cost range

Please indicate the overall confidence that the indicated cost levels will be _ +/- 5% of expected costs

met. Based on the indicated level of confidence, a confident-adjusted High +/- 10% of expected costs

range of both initiative and post-implementation costs will be Medium +/- 20% of expected costs

established. Low +/- 30% of expected costs

Initiative costs Low _ +/- 50% of expected costs
Low High

Total initiative costs ($ '000) $ 654,813 S 1,216,081

These cost estimates are preliminary at this stage. There are significant R&D activities and studies in the early
years of the initiative, which may reduce or increase the size of subsequent efforts beyond what is
anticipated today. Also, the cost and effort for many proposed projects will depend on the maturity of
various technologies in the next few years. For example, the proposed pursuit of a next generation EMS will
highly depend on co-development efforts with vendors. However, the business planning team has made its
best effort to be comprehensive in its cost considerations.

IMPACT TO MARKET
Overview of marketing approach

In April of 2014, Governor Andrew M. Cuomo unveiled plans for an energy modernization initiative that will
fundamentally transform the way electricity is distributed and used in New York State. Under the Reforming
Energy Vision (REV) initiative, utilities will actively manage and coordinate a wide range of distributed
resources, or generate electricity from many small energy sources and link them together. While this
initiative is primary focused at distribution level utilities, many of the capability areas and projects identified
by this Smart G&T initiative will form a part of an overall effort by the PSC to improve system efficiency,
empower customer choice, and encourage greater penetration of clean generation and energy efficiency
technologies and practices. This initiative along with the opening of the Green Bank, NY Sun initiative, and
future programs will improve the retail and wholesale markets and assure the success of energy efficiency
and clean energy programs. NYPA will use this platform of transformation and the drivers addressed in this
business plan to launch its Smart G&T to the broader market and to position not only NYPA, but also NYS as a
leader in generation and transmission technology adoption and transformation.

NYPA'’s role in the market

As the owner/operator of three large hydroelectric power generation facilities in NYS, NYPA has the
capability and mission to ensure reliable, clean, and affordable power to the people of NYS. This mission
includes the stewardship of NYS natural resources, particularly the water resources of the St. Lawrence River
and Niagara Falls, in collaboration with international treaties with Canada. With its strong regional control
centers controlling 25% of the electric generation capacity in NYS and ownership of over 1400 circuit miles of
transmission throughout NYS, the integration of additional power sources in NYS in the form of bulk
renewable power such as wind farms and solar photovoltaic farms fits naturally into NYPA’s mission and
capabilities. NYPA is one of the premier producers of clean bulk power in the US and as result of this
initiative aims to be a premier and industry leading generation and transmission utility in the modern grid of
the future.

Strategic Initiative Business Plan for Smart Generation & Transmission
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EXTERNAL STAKEHOLDER IMPACT AND MARKETING PLAN

This initiative will improve grid operations in NYS, allowing the state to approach its renewable energy goals and
reducing emissions and costs to serve load to customers throughout the system. This initiative will also serve as a
model for other NY Transmission Owners who may proceed down similar smart grid paths.

Table 11: Overview of external impacts due to the Smart Generation & Transmission initiative

External impact overview

Stakeholder Description of impact Impact
Customers will see reduction in
Customer energy costs and increase in energy Positive - Low

choice in the long term

Utilities will see reduction in

wholesale power prices Positive - Medium

Distribution Utilities

NYISO will have greaterinsight over

NYISO grid conditions and market flexibility

Positive - High

TO's will have greaterinsight over

grid conditions and control flexibility Positive - Medium

Transmission Operators

State agencies will see reduction in
State Agencies energy costs and increase in energy Positive - Low
choice in the long term

Third party agencies will see

. . reduction in energy costs and N
Third Party Agencies . ) . Positive - Low
increase in energy choice in the long

term

Description of marketing strategy

NYPA will need to keep external stakeholders, such as NY State, the NY PSC, other transmission operators and
utilities, etc., up to date on progress, lessons learned, significant developments and the overall solution. In
addition, internally, there will be several actions taken to ensure the initiative becomes a visible and integral
part of the NYPA organization.

e Kick-off event for the new Smart Generation & Transmission team. The event could feature a
combination of presentations and workshops that would educate and engage team staff around the
scope and content of the Smart Generation & Transmission initiative.

e Smart Generation & Transmission internal website, training registration and research material.
Milestone and success stories will be shared as the initiative matures.

e Quarterly newsletter, which details current projects, photos of project owners, and lessons learned
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DEPENDENCIES & RISKS
Initiative dependencies

e Strong interdependencies exist between this initiative and the Asset Management initiative. The general
rule of thumb agreed to by both initiatives is that Smart Generation & Transmission activities scope is
centered around the installation of new generation and transmission assets whereas Asset Management
activites scope is centered around the O&M and collection, management and use of the data coming out
of those assets. For example, the further deployment of advanced grid sensors, combined with a
hardened communications network falls under this initiative, but will feed directly into the development
of an advanced, analytic maintenance program under Asset Management by providing the required data.
Both initiatives will ensure each other is kept abreast of developments so that these interdependencies
are managed in the most beneficial way.

e Achieving actionable results from advanced sensor deployment will require the development of an asset
management capability to analyze and interpret data. Though this is in the pipeline, care must be taken
to make sure the timeline on that effort is not extended so much that the efforts here cannot be
operationalized until a much later date.

e The TLEM project must complete replacement of critical and vulnerable assets and lay some basic
infrastructure, so this initiative can focus on improvements not required for base system reliability

e This initiative may alter certain TLEM decisions that are ongoing.

e NY Transco, NY Energy Highway, REV and other state-wide initiatives will have dependencies to be
managed by this initiative.

e NERC CIP standards represent a significant dependency and risk for all of the Smart G&T technologies.
The benefit of taking advantage of the valuable information available in the IEDs must be weighed
against the increased resources that will be required to maintain compliance with CIP standards. There
may also be additional resources needed to support the regular O&M associated with CIP compliance
and changing CIP standards are a risk to impact the end cost of the Smart Grid Systems.

Risks associated with the implementation of this initiative

1. Resource and Capability Constraints: Implementing and sustaining smart grid technologies at NYPA
will require a host of new skills sets and organizational capability. While this initial roadmap
identifies between 40 — 60 new resources that will need to be filled to implement this roadmap,
many of these skill-sets are new and unique to this initiative.

2. Changes in market conditions: Changes in wholesale power cost structure, uncertainty over
customer market participation, and many other factors can result in considerable uncertainty over
estimated returns on smart grid investments.

3. Inadequate post-installment strategies: Many smart grid business plans rely heavily on post-
installment benefits (e.g. the implementation of control algorithms). However, program
development and implementation details are often not considered until later, resulting in benefits
that are often delayed for years.

4. Vendor Product Maturity: Many of the Smart Generation & Transmission capability areas in this
roadmap will rely on software/IT performance, however, some Grid software/IT capabilities have not
been widely deployed and there may be a level a market immaturity across products, adding
initiative risk.

5. Cost Recovery: A portion of the costs associated with this initiative is expected to be recoverable,
but that is not guaranteed and thus poses a risk to the financial prudence and on-time delivery of the
projects

6. Stranded assets: As grid technologies continue to evolve, old technologies become obsolete, and
market conditions change, there is the possibility that certain assets are stranded due to
implementation of this initiative. The risk of these scenarios occurring is the key risk “as result” of
the initiative rather than “to” the initiative, and will need to be mitigated during implementation.
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In Table 12, there is a listing of these risks and howthey plan to be mitigated. Ownership of these risk mitigation
actions will be assigned to the Smart Generation & Transmission governance function, which will be established
after board approval of this business plan.

Table 12: Overview of potential risks associated with this initiative

Risk overview

Probability

Description Impact Suggested actions

Ensure that a holisticoperating model and
Significant [postimplementation governance planis
created

Resource and Capability Constraints

Track changes in wholesale power cost
structure, customer market participation,
Changes in market conditions High and many other factors to ensure certainty
over estimated returns on smart grid

investments.

Ensure adequate postimplementation
plans and organization structure are
developed to track benefits and ensure
maximization of new infrastructure

Inadequate post-smart G&T

. . . Significant
implementation strategies

Partner with vendors, align products with
Vendor Product Maturity Medium Low roadmaps and conduct holistic vendor and
marketanalysis

Ensure thatat each stage of product
development that the risk of new

Stranded Assets Low High . "
technology or changing market conditions
don’tallow for a stranded assetscenario
Partner with Finance to ensure that,
whenever possible, adequate cost recove

Cost Recovery Medium Critical P 9 v

actions are taken in the planning process
forindividual projects in this initiative.

Further industry considerations

Looking at the U.S. alone, the utility sector has always been one of the most capital-intensive industries in the
country. The electrical power sector invested more than $90 billion in enhancements to generation and T&D
systems in 2012 alone, but in terms of R&D spending as a percentage of revenue, the U.S. electric power
sector is second from bottom of all major industries, ranked ahead of only the pulp and paper business. This
cocktail of capital intensiveness and low R&D expenditure, coupled with the fact that the largest U.S. utilities
are investor-owned (and as such are incentivized to maximize shareholder value in the short term while
"maintaining" infrastructure), has created an uncertain market for smart grid investments. NYPA however is
in a unique position in this regard and in good stead to take advantage of the significant advances in grid
modernization technologies.

Strategic Initiative Business Plan for Smart Generation & Transmission 37



# NewYorkPower
& Authority

(Generating more than electricity

Appendix

Strategic Initiative Business Plan for Smart Generation & Transmission

38



BENEFITS & COSTS DETAILED ASSUMPTIONS

Al. The following assumptions correspond to the benefits Table 6 and costs Table 9 in the main document.

# Benefit/Cost Assumptions Description

Benefit

A 1% reliability increase would be a reduction of 8760/100= 87.6 hours of less forced outages / non-scheduled outages
per year, this would amount to about $3.5M per year for NY State. This reliability saving occurs when the outage is
causing congestion, and the owerall state energy costs are higher due to a re-dispatch in real-time and deployment of
more expensive generation. This congestion saving is on top of that claimed in this roadmap due to use of sensor data.

Benefit

Reduced relay maintenacnce based on Adirondack substation last PMs in maximo, using the total hours for each PM,
and rated the number of hours times the frequency of the PM over the max interval reflected for an annual average number
of hours. That number was doubled since the PM does not include travel time, , or the prep/ support time to perform
testing. This total umber of hours was then multiplied out for the number of relays at Adirondack as a percentage of the
entire NYPA system to calcullate the average number of hours spent at NYPA a s a whole, multiplied by $90/hr. This
number should be revised once actual total man hour allocations to regulatory PMs are submitted. This is a low
confidence level.

Benefit

Awided average cost of cleaning up and lost revenue from two 138kv bushing failures at NYPA in 2011 was $3.4m,
assuming awoiding one of these a year in 2016 onward. This has a high confidence as to the accuracy of the numbers
which were based on the actuals but may vary based on other equipment failures in different LMBP zones.

Benefit

During a major line rebuild, the cost of installing fiber optic OPGW goes from $70k / mile to $10k/mile based on an AEP
report.

Benefit

Currently pay about $1mm, verified with IT

Benefit

Based on data retrieved from the annual NYISO 2013 CARIS (congestion assessment and resource integration study).
Projected demand congestion beyond 2012 is provided in the report. Projected TCC payments are calculated using linear
extrapolation on the historical data from 2008 to 2012, as shown in the graph below. Due to the fact that paid TCCs
provide hedging against congestion benefits to customers can be claimed only on the unhedged congestion potion
calculated after subtracting TCC payments from demand congestion. A 20% saving of the unhedged congestion is
assumed.

-The percent congestion cost reduction estimated here is solely due to “enhanced and coordinated operation and control”
of the grid. Other “physical” transmission enhancements will provide further congestion cost reductions.

Benefit

The total estimated statewide customer fuel-costs savings from enabling 300 MW of additional wind generation is
assumed to be solely due to “enhanced and coordinated operation and control” of the grid. Other physical transmission
enhancements will result in additional fuel cost savings by enabling even more wind generation. Average cost of fossil
plant is $35/MWhr

Benefit

Estimated annual wear and tear (repairs, etc) cost of $5 M per utility in NYS. Take credit for 20% of this * 7 utilities = $
7 M annually.

Benefit

Cost of missing a piece of equipment, or catastrophic failure

10

Benefit

Man-hour equivalent of reduced maintenance

11

Benefit

Estimated annual cost of T&D losses in NYS: (From NYSRDA/EPRI report average system losses of 0.04)* (average
system loading of 20,000 MW* 8760 hr * average energy costs of $20/MWhr * (taking credit for 1% reduction --0.25) =
$1.4 M. 4) 1000 MW*2000 hr*(Ave CC plant fuel Costs $35/MWhr) = $70M

12

Benefit

Due to reduction and productivity increase

13

Benefit

Estimated annual wear and tear (repairs, etc) cost of $5 M per utility in NYS. Take credit for 20% of this * 7 utilities = $
7 M annually.

14

Benefit

We assume that upgrades and enhancements will provide for the injection of ~700MW additional low cost hydropower
throughout the market. Generally used NYPA internal figures (provided by Uzo Enyinna) peg hydropower at about
$3/MWh cheaper than the average LBMP. To be consistent with other roadmap assumptions, we assume an average
system price of $20/MWh and average system loading of 20,000 MW. Phasing in the cheaper power will reduce costs to
the state as presented.

15

Benefit

These figures are based on NYPA internal estimates (provided by Bruce Fardanesh) of revenue curtailment/opportunity
cost from not producing as much hydro.

16

Benefit

Projected revenues for the CSC (variable, depending on TCC revenues from congestion in central zones) as presented for
controls upgrade business case. The total 20 year NPV for the project was calculated at $61.5 million in 2012 dollars.

17

Benefit

Based on data retrieved from the annual NYISO 2013 CARIS (congestion assessment and resource integration study).

18

Benefit

We consenatively assume that we can account for ~$5m/year in deferred investment (new conductors, new lines, etc.)

19

Benefit

To be consistent with Situational Awareness assumptions, we also assume a conservative reduction in losses at around
1% for the system.

20

Benefit

As programs begin to phase in, we assume a reduction in maintenance costs (outage time, planned and unplanned
maintenance) of around $2m/year after an increase in maintenance initially.

21

Benefit

PA assumed equal to cost for now because projects are pre-approved already
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# Benefit/Cost Assumptions Description
- Microgrid pilot will be customer funded, NYPA financed and Energy Efficiency will do the project management (12%

22 Benefit mark up for project management fee) - cost of MG will be$ 85 million
- VPP will take 2 years to complete and savings are TBD
- Study will determine potential savings via decrease in system losses via DG installation - TBD

23 Cost 2-4 FTE's

24 Cost Based on initiative scope and scale

25 Cost Based on initiative scope and scale

26 Cost « STL North Country Buildout including OPGW on MA « BG to Marcy  NATL Buildout « SENY Interconnect...assuming
$80k/mile and $10k/mile where line rebuild occurs ¢« Small hydro microwave BG ¢ Y49 Direct Fiber cable replacement

27 Cost Smart Substation Architecture and Comms buildout internal and incremental to LEM
Emergency ECC - Costs based on unknown scope or location, schedule based on CPR1166 which only includes study

28 Cost costs, and does not include construction or lease/ownership costs. Study cost from CPR, the $5M construction costs
based on consultation with Project Mgmt.
Smart Substation Architecture - The TLEM incremental costs assume roughly 100k cost increase in hardware costs at
each station, assuming some new equipment and upgrade of other equipment is required. A 1.3 multiplier was used for

29 Cost the 10year program to be conservative and account for some escalation, and because the details of the system are not
known at this time. The incremental cost assumes 1000 hrs additional engineering per site and 2500 in labor. This cost
is mainly in programming equipment, construction drawings, field installation, commissioning and testing. Since these
systems are new to NYPA, there is a learning curve built in to the costs.
Redundant MV90 - The MV90 rebuild includes relocation of application to new senvers and call stations potentially to

30 Cost WPO seners from the existing POL servers and a backup MV90 system to run on the off site DR sener site. Proof of
concept testing is planned for 3&4Q 2014 and installation and pruchase of new equipment in 2015.

31 Cost Initial study and preliminary design
Smart Substation Architecture - Plan assumes a development test bed system will be built using inhouse engineering for
specifcaiton, outside labor for furnishing the constructed system. The system hardware costs assume roughly 25 IEDs
including relays, meters, monitoring, plus network equipment, HMI and data concentrators. 8 racks/panels are used to

32 Cost permanently mount this equipment and it is assumed to use the exisitng secondary injection test sets already owned by
NYPA OR will utilize the RTDS being purchased by Engineeirng. Assumes 1.5 FTE for Spec/scoping. Costs basis for
the STL SAMAC IEC61850 development system that followed the same construction plan. No proprietary protocols will
be used, DNP3 or 61850 will be used to a data concentrator that does not require annual license costs.

33 Cost See above

34 Cost Purchase and use of next-gen EMS software when developed, assume a fraction of anticipated market price
Additional internal support work (2 FTE in protection & control, equipment engineering, metering), total 6 additional

35 Cost . ; .
internal FTE's ramping from now until 2025

36 Cost All R&D costs to be incurred for this roadmap are assumed to be in AGILe. Does not include cost of setting up AGILe
however (physical space, systems and 10 operating FTE's), which is in AGILE business plan.

37 Cost Adding sensors, communications, collecting data, including back-office IT systems needed

38 Cost 6 internal support people will need training. Front-loaded in 2016-2017. 20K$/FTE...

39 Cost - replacing the existing lines/towers on Moses-Adirondack line - based on 2014 RIK cost estimates for replacing MA 1&2
used for Transco - $273m

40 Cost - reconductoring additional ~20% of NYPA lines as low estimate - NYPA estimates peg reconductoring costs at ~35%
total capital cost of building new lines (assumed here to be ~1.5M/mile), so $525K*280 miles = $147M
- adding third conductor to Moses-Adirondack line - based on NYPA R&D and Cost/Scheduling estimates of the cost of

41 Cost ) ) o
adding a 230kv line to existing towers - $100m
This includes figures around making all lines dynamic thermal rating capable (using assumption of $1m/line for 25 lines,
estimated by George Stefopoulos based on historical NYPA work), adding additional line instrumentation

42 Cost ($45k/substation, 31 substations), and making existing substations 100% “smart” (currently assumed to be ~40% “smart”
- remaining 60% x $45k/substation, by the EPRI methodology - this portion of the costs may be covered in Resiliency
roadmap). It also budgets for the installation of 10 more PMUs, at $125k each, to complete the NYPA PMU network.

43 Cost - STATCOM - assuming construction of 1 new STATCOM ($35M)
- Capacitor banks - assuming construction of 3 new capacitor banks ($10M each). These numbers are highly variable and

24 Cost will change based on results of the to-be-commissioned system study. Any solution that does not require extensive line
buildup could be much less capital intensive, but if extensive new lines are required for system maintenance, this could
increase capital costs substantially.
Based on our knowledge of FTE constraints due to new PMUs, additional sensor work etc., we're guessing we’'d need

5 Cost about 10 more technicians at the sites — this includes ~2 per site for each of our 5 main transmission facilities. For the
duration of the physical infrastructure and line sensor installation work, we’re assuming around 5-6 additional linemen to
awid reducing the availability of regular line staff.

26 Cost - tower splitting at Western New York to alleviate constraints affecting the Niagara Power Project output. Project
estimated at $16 million with a cost estimate range from $13M to $20M. Project schedule estimated from 2016 to 2019.

47 Cost - CSC Upgrade - $15 million, assumed when doing analysis to be spent in 2015-2017
This cost includes research required around specific technologies or techniques and costs for building frameworks to
incorporate them into the NYPA system. R&D costs were based on an estimate of $175k per year for a new

48 Cost ) ) . . .
study/program, with 1 or 2 R&D studies/projects per year to be added (one in the first year, two each in subsequent
years). Additional $500k system study is included in 2014-2015.
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# Benefit/Cost Assumptions Description

49 Cost Earmarked but to be decided based on initial studies

50 Cost New technologies will require ~$20k/y/FTE in training for site and headquarters personnel
Cost primarily based on LPGP LEM. Existing controls and Governor are electromechanical with reduced reliability, high

51 Cost maintenance cost, and minimal monitoring and lack advanced control capabilities. New system significantly improves all
fo these areas.

52 Cost Existing Headgate controls and equipment are obsolete. New controls provide safer remote control and monitoring and
faster gate closure in case of emergencies since personnel do not go to headgates.
With replacement of older technologies with new electronic based systems, some staff need training and development on

53 Cost new technologies. Assuming that 1/3 of mechanical and 1/2 of electrical staff change roles - need classroom and OTJ
training for 24 employees.

54 Cost Critical software for optimal scheduling of STL - software is obsolete, poorly documented and inflexible. New software will
provide updated, flexible, easy to use software for operations.

55 Cost NYPA Cost Estimates

56 Cost 6 studies at $175K each

57 Cost NYPA staff will need to work with consultants to guide and participate in the rresearch and testing. Staff from
Engineering, Operations, R&D, and ERM would be expected to provide support for the studies.

58 Cost $10K/FTE/year

59 Cost A small team will run the program, estimated cost is $800,000/year with two engineers providing project management to
the microgrid pilot project, have the project managers available
NYPA only installs advanced controller. System will be paid for by customer. Customer costs include total project cost of

60 Cost $85 million over three years (10% the first year, 30% the second year, and 60% the last year) and then an operating and
maintenance cost of $30k annually. We would only pay for study to get initial customer interest, the study will be
conducted in 2014 at an expected cost of $400k.

61 Cost Cost to set up hardware of virtual power plant - $2 million (based off doubling cost for NY Energy Manager — current
initiative to aggregate utility data for public entities)

62 Cost Cost to set up software of virtual power plant - $2 million (based off doubling cost for NY Energy Manager — current
initiative to aggregate utility data for public entities)

63 Cost Incentivization of DG Assets — Cost would be $200k for study cost, study would be conducted in 2015
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A2. Breakdown of the benefits and costs of the Smart Generation & Transmission initiative by roadmap area.

[ seRO [ = seRt | = SGRz | = SGR3 |
Reduced O&M $ - $ - $ 74,000 $ - $ 24,000 $ - $ 15,750 $ -
Reduced Capital $ - $ - $ 13,000 $ - $ - $ - $ 35,000 $ -
Reduced Congestion $ - $ - $ - $ - $ - $ 694,000 $ - $ 431,000
Generation Savings (Increased Wind)  $ - $ - $ - $ - $ - $ 147,000 $ - $ -
Asset Optimization $ - $ - $ - $ - $ 7,000 $ 63,000 $ - $ -
Reduced Transmission Losses $ - $ - $ - $ - $ - $ 12,100 $ - $ 14,000
Generation Savings (Increased Hydro)  $ - $ - $ - $ - $ - $ - $ - $ 122,000
Increased Reliability $ - $ - $ - $ 43,100 $ - $ - $ - $ -
Increased Revenue $ - $ - $ - $ - $ - $ - $ 187,728 $ -
Total $ - $ - $ 87,000 $ 43,100 $ 31,000 $ 916,100 $ 238,478 $ 567,000
costs . .| NPA [ | NPA [ | NPA_J| | NWPA | |
Grid Hardware $ - $ 9,190 $ - $ 676,462
Generation Hardware $ - $ - $ - $ -
Comms $ - $ 68,390 $ - $ -
AGILe $ - $ - $ 10,000 $ -
Labor $ 7,075 $ 14,625 $ 10,500 $ 25,725
Software $ - $ 1,000 $ 21,000 $ 1,000
R&D $ - $ - $ - $ 3,600
Training $ - $ - $ 120 $ 300
Total $ 7,075 $ 93,205 $ 41,620 $ 707,087
[ serR4 | = sGRs | = SGR6 |
Reduced O&M $ 66,810 $ - $ - $ - $ - $ -
Reduced Capital $ - $ - $ - $ - $ - $ -
Reduced Congestion $ - $ - $ - $ - $ - $ -
Generation Savings (Increased Wind)  $ - $ - $ - $ - $ - $ -
Asset Optimization $ - $ - $ - $ - $ - $ -
Reduced Transmission Losses $ - $ - $ - $ - $ - $ -
Generation Savings (Increased Hydro)  $ - $ - $ - $ - $ - $ -
Increased Reliability $ - $ - $ - $ - $ - $ -
Increased Revenue $ - $ - $ - $ - $ 43,605 $ -
Total $ 66,810 $ - $ - $ - $ 43,605 $ -
Costs . .| NPA | | ANWA | [ NPA [ |
Grid Hardware $ - $ - $ 8,500
Generation Hardware $ 64,491 $ - $ -
Comms $ - $ - $ -
AGlLe $ - $ - $ -
Labor $ - $ 875 $ 6,825
Software $ - $ - $ 1,500
R&D $ 611 $ 1,050 $ 250
Training $ 1,708 $ 50 $ -
Total $ 66,810 $ 1,975 $ 17,075
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Smart G&T Capability Roadmap Detail

SGR1: Increased
Reliability & Resiliency

Capability Manager: Frank Ronci
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CAPABILITY VISION / STRATEGIC RATIONALE

Reliability of the grid can be defined as the capability to provide continuous service to grid-connected users
of electricity at constant (within known tolerances) frequency and voltage in face of normal or expected
system contingencies. Resiliency of the grid on the other hand can be defined as the capability to withstand
extreme events or disturbances. The fast restoration of service upon loss of load is an important component
of reliability and resiliency.

The rationale behind this capability is to ensure uninterrupted service to customers. The level of reliability
and resiliency is very much dependent on investments in infrastructure and the return on those investments
which are a combination of both financial returns as well as maintaining the best possible level of reliable,
available transmission and generation. The challenge is to attain maximum outcome with reasonable or
minimum investments.

Two key components of the roadmap is to further develop the use of substation intelligent electronic devices
to provide high resolution data on power system equipment condition both for real time operations for
enhanced clarity, for improving restoration times following an event by better retrieving data for decision
making and for long term trending for asset management. This mainly leverages equipment that will be
installed under other programs but needs to be better leveraged by fully realizing the capabilities on board in
these devices. Secondly, in order to facilitate the IED data back to various users, as well as to ensure highly
reliable data communications information flow, a utility owned communications backbone should be built
out. In large part this is an expansion of the existing project to upgrade portions of NYPA’s point to point
digital microwave. By connecting the dots with additional microwave and fibre optic cables, NYPA can ensure
its reliable operation of the power system and its smart grid technologies that NYPA is investing in.

SOLUTION

e Current State
e Transmission Life Extension and Modernization (TLEM) core driver is reliability. In order to

maintain the high degree of reliability the NYPA system has realized through today, TLEM is
replacing and upgrading existing transmission system components that are at the end of
service life or at a high risk of failure due to condition. Replacement of components prior to
a catastrophic failure, minimizes outage times, and prevents real time disturbances that
pose a risk to the power system as a whole. TLEM is replacing major equipment such as
power transformers, circuit breakers and reinforcing structures, as well as replacing
electromechanical controls with modern microprocessor based protection, control,
metering, indication and communication equipment.

e The traditional substation design included a Remote Terminal Unit (RTU) which was a device
that was wired to many electro mechanical components to receive status contacts or basic
analog information with communications capabilities to remote that information back to a
control center. Today, the meters, protection relays, annunciators, breaker monitors,
controllers, commonly referred to an IED (intelligent electronic devices) are themselves
RTUs. Each device is capable of reporting back a wide variety of data about the health of the
power system component it’s designed to monitor/measure/protect as well as the health of
the device itself. By enabling the advanced monitoring features within each of these devices
and retrieving the data for use by operations, engineering, and asset management
personnel will increase system reliability by better monitoring the status of the power
system, enable engineering personnel to make predictive maintenance decisions rather than



interval based, and enable asset management personnel to make maintenance and
replacement more informed, analytic decisions based on field data.

e The solution project plan is to develop a test bed development system as Phase 1 which will
allow engineering staff to design and test a smart substation in an offline environment. This
process will serve to implement an optimized design, with most of the bugs and issues
identified and addressed in an offline environment. The development system will also be
used for the life of the production systems as a test bed for new software updates, patches,
additional equipment and allow engineers to troubleshoot a problem that may arise. The
Phase 2 will be the phased implementation of smart grid architecture within the
Transmission LEM, RM controls upgrade, and other ongoing projects.

e Capability gap analysis
e Asignificant challenge of integrating Smart Grid technologies, particularly over a wide

geographic area for transmission, is for reliable, secure communications systems. Often
utilities relied on power line carrier analog communications over the power conductor,
direct point to point microwave or third party telephone circuits. As technology has
advanced, the require bandwidth has increased significantly, and the need for security to
ensure reliable system operation, to fully enable the capabilities of the smart IEDs installed
at the substations,

e Activities to address gap

e Some of the technologies installed at NYPA sites are proven for their core purpose and have
in some applications been expanded to provide data to a station RTU. For example the new
Astoria 345kV substation, the STL Moses SAMAC project, and the Ryan, Duley and Patnode
substations. In order to properly design and select the appropriate devices into a standard
substation architecture, a development system will be built in an offline environment to
verify the system functionality, interoperability and reliability. The solution should be
multivendor using open protocols to ensure future compatibility, expandability and
competitiveness for future upgrades. The build out of the development system will also
promote the design process to open the door to expanded functions and capabilities not
fully realized in the conceptual stage.

e No R&D is necessary for the build out of NYPA’s communication infrastructure. The
technology is proven and smaller scale projects have been completed at NYPA. Other
utilities have implemented a similar architecture for their transmission backbones which is a
benchmark for a project at NYPA. Further preliminary engineering and cost estimates are
required.

e Resiliency — Storm Hardening Report Coordination

e A Quanta prepared report on Storm Hardening and System Resiliency was commissioned
following the major storm events that hit all of NYS. Although the report confirmed many of
NYPA’s assets are well positioned, the report identifies many traditional infrastructure
improvements that will further improve the NYPA transmission system and generation
assets to perform reliably during another major weather event. These infrastructure
improvements are critical to the resiliency of the power system and NYPA’s assets. These
improvements, along with TLEM investments can be coupled with Smart G&T projects to
take advantage of outages, and minimize cost. For example, the MA1&2 line study and
potential rebuild would provide an optimal vehicle for Smart Grid Communications. This
recommended action and its costs and benefits is captured in the SGR3 roadmap of this



business plan. During a major line rebuild, the estimated cost based on an AEP report of
installing fiber optic OPGW goes from $70k / mile to $10k/mile. This recommended action
and its cost are captured in this SGR1 roadmap along with the other fiber-optic build-outs,
while its benefits are shared between the SGR1 and the SGR3 roadmap. A rebuild or major
replacement of the Moses-Adirondack lines may also be a significant opportunity to install
advanced transmission line sensors for dynamic line ratings, and remote monitoring. These
additional recommended actions and costs and benefits are captured in the SGR3 roadmap
of this business plan. To maintain and improve system resiliency, it is recommended to
implement the Quanta Report recommendations as outlined above, incorporating Smart
G&T technologies within the project scope.

Emergency Energy Control Center (ECC) and Rebuild of MV90 Meter Data Systems

Additional resiliency and reliability projects that are in the early planning stages at NYPA include the
emergency ECC construction and the MV90 system rebuild. The emergency ECC will significantly
improve the resiliency of NYPA’s operations by providing a backup control center offsite with full
capabilities in the event that system operations staff could not occupy the ECC at CEC. Presently the
project is in the study phase to select the site and define the scope. The second smart gird
improvement project for resiliency and reliability is the build out of the MV90 Meter Data collection
system which presently resides at the Poletti Administration building. For improved support and
reliability, a second MV90 system will be built and tested in the WPO datacenter with the eventual
goal of retiring the system at Poletti. The project will also replicate the MV90 hardware and
software at the Disaster Recovery offsite datacenter with all other IT functionality required for
business continuity. This project is in the planning and kickoff stages, expected to be implemented in
2015. The rebuild of the system will maintain the historic reliability, and reduce O&M activities by
centralizing the application. Additionally the MV90 Servers that operate at ECC, used for daily
Scheduling and Settlements with the NYISO, will be duplicated in the WPO data center to improve
reliability and resiliency.

FUNDING

A large portion of the baseline equipment needed for this roadmap will be procured, designed and
installed under T-LEM, deploying IEDs throughout the transmission system. More advanced
engineering development and deployment of enabling technologies as stipulated under this
roadmap will require additional capital funding, and will also require O&M funding for personnel to
maintain, perform upkeep and utilize the systems by analyzing the output data.

The microwave upgrade program replaced many of the analog microwave sites with digital
microwave providing high speed, large bandwidth secure communications between many NYPA
Northern region sites. Additional funding will be required to further build out digital microwave to
the remaining locations and to implement direct fiber between the most critical sites based on
cost/benefit analysis. Strong consideration should be given to include such projects during major
physical upgrades of transmission lines such as reconductoring when installing OPGW would be
more cost effective.

BENEFITS, COSTS & RESOURCES

BENEFITS OVERVIEW

Bushing monitoring — online to predict failures
Transformer monitoring of thermal model



= The above two benefits are dependent on effective use of monitoring data by efforts
conducted under the Asset Management Strategic Initiative
e Circuit breaker wear monitoring using current weighted operation counters to determine when
maintenance is required either more or less frequent then the time based maintenance intervals
based on actual breaker contact wear, SF6 condition, and restrikes.
e Continuous AC in-service measurement comparison between IEDs to take advantage of NERC
condition based maintenance intervals.
e Continuous monitoring of breaker trip coils in addition to trip circuit DC power to take advantage of
NERC condition based monitoring.
e Centralize data concentrator improves analysis for synchronized event analysis and long term data
profiling.
e Ability to quickly retrieve event data following a system disturbance to analyze fault records within
minutes/hours rather than deploying personnel to a substation days later to retrieve relay records.
e NYPA owned communications
= Longer life expectancy vs a telecom owned system
= Higher reliability and response is within NYPA control for any problem
= Better security for critical assets
=  Future expandability with neighboring utilities (example the NIA-BECK link utilized for a
more reliable channel for the Packard to Beck tie and Mountain microwave via SONET)
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EXAMPLE COSTS & RESOURCES

Online Continuous Bushing Monitoring

Although some online bushing monitoring systems exist today, they are often less reliable as stand alone
systems since they are not monitored and many rely on an alarm to attract an operators attention to a
potential problem. Many other factors such as load profile, temperature and humidity data can have
influence on the bushing capacitance readings which may cause false alarms making the systems less reliable
and thus less are deployed. The desire of having many data sets available at the station data concentrator
would combine this information readily available in other smart grid IEDs, providing synchronized data that
could be analyzed by engineering and operations personnel and may be able to catch a transformer bushing
before it fails catastrophically. The benefit of this smart IED upgrade, as mentioned previously, will depend on
effective use of the data by Asset Management Strategic Initiative efforts.

The benefit of such as system can be evaluated first from a system reliability standpoint and a personnel
safety standpoint which cannot be represented in a dollar figure. For this analysis, the two example SCPP
Generator Step Up transformers (70MVA FA rated 138/13.8kV rated) were selected. Both transformers
separately experienced a 138kV bushing failure in Jan 2011 at Harlem River 1 and in June of 2011 at Hellgate



1. In both cases the bushing failed catastrophically, causing a large fire and extensive damage. The cleanup,
lost generation energy payments, and replacement equipment, engineering and construction labor costs
were collected for the two events. The costs are summarized below:

HR1 0&M $1,059,175.39
CAP $1,940,397.00
Energy S 747,709.00 56 day outage
ICAP
Total $ 3,747,281.39
HG1 O&M S 328,595.04
CAP $1,794,149.00
Energy S 970,550.00 176 day outage
ICAP
Total $ 3,093,294.04
Total Cost $6,840,575.43
Average $ 3,420,287.72

It should be noted that the capital an O&M and the capital costs are actuals, and the energy revenues are
based on the Harlem River 2 and Hellgate 2 unit runtimes and bid prices during the same time period the
adjacent unit was in forced outage. This assumes the adjacent unit would be bid the same, with the same gas
prices, and same “market opportunity”. At the time of this report the ICAP losses are not yet available to the
author.

It should be noted that the average cost of a GSU failure due to a bushing failure is $3.4M, the potential
unplanned risk avoided by developing advanced monitoring system that will enable Operations and
Engineering staff to track data that could remove a major asset for more offline testing to diagnose a

problem that may lead to a similar failure. It should be noted that similar GSU bushing failures have recently
occurred at Niagara RM3 and RM5 GSUs, which should be analyzed further to determine similar cost data.
Also worth noting is the system reliability impact, since Con Edison the local Transmission System Operator,
relies on these SCPP units for fast load pickup to ensure their own system reliability. The HR1 failure
occurred in January of 2011 and was in forced outage until June 2011. Hellgate 1 was in a forced outage from
June 2011 through July 2011, impacting summer peak system reliability.

Continuous AC and Trip Coil Monitoring For Protection Systems

Protection system testing is required under NPCC and NERC enforceable reliability standards, which require
either regular maintenance testing of protection assemblies for



1. “Calibration” which verifies the protection assemblies will operate per the specified set point

2. “Functional Testing” which verifies the hardwired inputs, outputs, auxiliary tripping devices, lockouts
and wiring is connected to ensure a trip will be executed by the protection system once a relay
operates

3. “Breaker Trip Testing” which verifies the trip bus when picked up will actually operate and trip the
breaker

4. “AC In-service” testing is designed to verify that the protection system is measuring the appropriate
current and voltage signals while the protected element is energized, verifying the instrument
transformers are provided the correct signals to the relay.

Current NERC PRC standards requires utilities to perform the above testing within specific time intervals, or
allows utilities who have implemented continuously monitored systems to forego time based maintenance
since the same signals are continuously monitored, automatically rather than manually and alert operations
personnel when there is a problem. Most of the Protection maintenance programs are rooted in the original
electro-mechanical devices which did not have the built in diagnostics or ability to alert an operator when
there was a problem that may cause the relay to not operate correctly, and therefore required manual
intervention to verify by manual testing and perform maintenance adjustments.

As NYPA replaces the older protection systems with microprocessor based protection relays, many onboard
diagnostics are utilized to improve individual device reliability and there is the opportunity to deploy
continuous monitoring with the additional communication protocols available in the protection relays.
Continuous AC monitoring can be implemented by having each relay provide current and voltage information
to the station data concentrator which would perform a comparison of each relay’s measured values versus
the metering system, also reporting the same current and voltage values as an independent accurate
reference. In normal conditions, the system would only see a small percent error difference between the
systems, and for example should a PT fuse blow, the system would detect the large different between the
measured devices and alert an operator. The operator or engineer could then pull up additional information
to remotely troubleshoot and validate the alarm and deploy the appropriate maintenance staff to correct the
problem.

The benefit is four fold:

Improved System Reliability:

Since interval maintenance occurs at the time of the report, once every six (6) years, there is one day in six
year opportunity for maintenance staff to find a problem that may have existed since just after the prior
maintenance. By continuously monitoring protection systems, operations and maintenance staff will be
alerted immediately when a problem is detected and can repair immediately, rather than catching it within
the next six years.

Maximize Labor Resources:

Electromechanical protection systems typically had a service life or 30-40 years or more when regularly
maintained. Microprocessor based protection has a much shorter lifespan and will require more frequent
replacement, but less frequent maintenance and testing. Therefore, with continuous monitoring systems,
skilled maintenance staff can be deployed to systems when there is actually a problem, freeing up there time
to perform more regular replacements, and more advanced testing. The cost benefit example was taken at
Adirondack substation which typically requires 1600 hours of testing over the 6 year maintenance interval, to
satisfy the regulatory PMs, based on the past Maximo work orders. This does not include travel time, or
preparation time, only the actual hours spent maintaining the systems.



Decreased Outage Time: Fewer scheduled outages for protection system testing would be required, and the
likelihood of a mis-operation due to personnel testing errors would be minimized with automatic, continuous
monitoring systems.

Regulatory Compliance: Under a continuously monitored system, no time based maintenance is required,
which eliminates much of the overhead required to provide supporting documentation for compliance
audits. Additional benefits include the reduced likelihood that a maintenance interval is missed, or an outage
cannot be scheduled risking noncompliance with NERC standard which can result in fines.

Case Study Example — NIA 345kV Circuit Breaker Loss of SF6 pressure

On February 1 2010 there was a major system emergency declared by the NYISO in response to eight 345kV
circuit breakers opening without a clearly determined cause in the Niagara switchyard. The root cause was
found to be that during switching of station service power, an automatic throw over scheme did not operate
correctly and 480V auxiliary power was lost to the circuit breakers in the Niagara switchyard. The SF6 gas
breakers rely on auxiliary powered heaters to maintain correct internal pressure in the circuit breaker tanks,
and due to the cold temperatures, began to lose pressure until they reached the trip point. A major alarm
was received in the control room which required operations personnel to travel to the switchyard to
investigate manually. The major alarm is a summary alarm which does not give additional clarity to the
remote operator. The first 345kV breaker opened 20mins later and the remaining 345kV breakers continued
to open for 28 mins. This caused the NYISO to declare an alert state and system emergency until the Niagara
Switchyard was finally restored. Although the efforts of Niagara Operations personnel was commendable in
the quick resolution of the problem and restoration of the switchyard, valuable time was spent traveling to
the switchyard and then looking through manually looking through targets and annunciators in the
switchyard. The advantage of Smart Grid Substation Architecture presented above, would provide the
Operators in the Control Room the ability to immediately drill down in the SCADA displays from the
“major/minor alarm” resolution level, to viewing the actual gas pressures in the breakers, auxiliary power in
each breaker, and detailed station service substation information. Smart G&T architecture will allow the
operations and engineering staff the ability to quickly navigate remotely to the IEDs installed in the
substations, and gather information critical to decision making in real time. This enhanced situation
awareness, and enhanced troubleshooting capability will improve reliability and resiliency by better enabling
skilled staff to make decisions based on the data available.

Utility Communications Backbone Network

The benefits of a NYPA owned communications backbones can be realized both in the saved maintenance
costs, and capital replacements costs for outside telecom vendors, as secondly in the future resiliency for
changing NERC CIP standards to ensure NYPA’s compliance for the substation IEDs described above. The
installation of a microwave and direct fiber communications link will permit the secure flow of data for both
operations, maintenance, asset management and engineering personnel. It will also permit the further
deployment of current differential protection systems that rely on direct digital communications channels
more reliably protect transmission lines, with better security during system disturbances.

A template project which yielded significant benefits by improving reliability of the monitoring systems was
the fiber build out at the NYPA Moses, Alcoa and MED Engstrom substations. A joint project between NYPA
and Alcoa, replaced the static line of the MALG6 line with a new Optical ground wire (OPGW) equipped with
fiber optics connecting Moses and Alcoa West for protection communications. The fiber has been expanded
to include Special Protection systems, and SCADA RTU polling. The benefit of this dedicated communications
link was realized when Alcoa, a major NYPA customer entered into the NYISO Demand Side Ancillary Service



Market, (DSAS) which required NYPA’s support to provide revenue meter quality data in real time to allow
Alcoa to provide feedback for their 6 second base point to the NYISO. Metering systems were upgraded for
real time communications; however the total measurement of the Alcoa West load is comprised of 3 meters
at Moses, 2 meters at MED Engstrom, and one meter at Alcoa. In order to provide communications between
all 6 meters and the RTAC data concentrator, fiber optic cables were extended from the NYPA/ALCOA MAL
fiber, to Engstrom creating a small fiber backbone that provided secure, high speed reliable polling of all 6
meters in three separate locations in real time. Although it was not deployed, a similar benefit was realized
in order to collect data for the Alcoa East (Reynolds) plant by using the NYPA microwave from Moses to
Massena to Akwesasne in order to collect meter data with minimal additional equipment. The demonstrated
benefit of the utility own communications backbone infrastructure is the flexibility and ability to quickly
adapt to customer needs and power system requirements to deploy new systems/ capabilities.
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Existing Northern Region Communications Backbone

IMPACT ON MARKET

Increased reliability will positively impact NYPA market operations seen in the potential reduction of
unplanned outages due to equipment failures resulting in reduced generation revenue for energy and
capacity payments as well as transmission revenues. Often equipment failures are lengthy, resulting in
negative impact to planned revenue streams, and negatively impact O&M and unplanned Capital budgets to
cover the cost of cleanup, repairs, restoration and replacement of the failed equipment.

ORGANIZATIONAL IMPACT

® The deployment of Smart Grid technology and increased use of IEDs for data reporting will require
significant increased support by highly skilled engineers and technicians. It should be noted that
there can be a steep learning curve associated with the deployment of new technologies used in
NYPA’s core business. These types of systems are a unique skill sets combining power system
theory, communications, and computer analysis, which would require internal training, and
retention to ensure NYPA has qualified personnel to work on these systems. Skilled engineering
personnel will also be required to analyze condition monitoring data to assist operation personnel
to make maintenance decisions, and Operations staff would require additional training and



resources to be able to utilize these technologies to support the reliable operation of the power
system.

Deployment of these technologies will require separate development systems to verify the IED and
data concentrator functions and capabilities, prior to deployment at a substation. Such a
development system will ensure efficient and effective commissioning and operation of these
systems in the field, allow of testing of future expansion and upgrades, and provide a training
system for end users.

EXTERNAL STAKEHOLDER IMPACT

Development of Smart Grid technologies will be more efficiently and effectively deployed by NYPA’s
collaboration and participation in industry working groups to learn from other utilities experiences
and provide the benefits of NYPA’s own learning curve.

DEPENDENCIES & RISKS

Strong interdependencies exist between this roadmap and the Visualization and Situational
awareness roadmap. A significant part of reliability and resiliency will be seen through the
increased deployment of synchro-phasors, however to avoid duplication, a detailed explanation can
be found in the V&SA roadmap.

Strong interdependencies exist between this roadmap and the Asset Management initiative. The
deployment of station data concentrators, combined with a hardened communications network will
feed directly into the development of an advanced, analytic Asset Management program by
providing the required data.

NERC CIP standards represent a significant dependency and risk for all of the Smart G&T
technologies. The benefit of taking advantage of the valuable information available in the IEDs
must be weighed against the increased resources that will be required to maintain compliance with
CIP standards. There may also be additional resources needed to support the regular O&M
associated with CIP compliance and changing CIP standards are a risk to impact the end cost of the
Smart Grid Systems.



Smart G&T Capability Roadmap Detail

SGR2: Enhanced
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CAPABILITY VISION / STRATEGIC RATIONALE

Operating the power grid in an optimized fashion by developing and utilizing more advanced tools and
techniques and moving in the direction of enhanced, fully-coordinated and automated grid controls. The
requirements are: higher quality measurements (PMUs), robust and redundant communications links with
low latencies (dedicated system-wide fiber backbone), advanced computational and analytical tools (Next-
Gen EMS and DMS suite of Apps) as well as high performance computing capabilities (parallel and super-
computing).

The rationale behind this capability is safe, reliable, efficient, and economical operation of power systems.
This capability can be developed and demonstrated using today’s technologies within a 3-4 year time frame
and can evolve into even more advanced capabilities.

SOLUTION

NYPA/NYISO PMU and PDC hardware and Communications network —Very relevant to this
capability; feeds the synchrophasor data into this capability

SAMAC- St Law 61850 based Relay upgrade — Very relevant to this capability -- facilitates protection-
and control-related command and control

CSC Controls Upgrade — Relevant to this capability — Acts as an actuator for the control of 345 kV
voltage at Marcy substation as well as control of power flows on two transmission lines exiting
Marcy.

In addition to collecting the data, this solution involes the integration of sensor data with other NYPA
data, processed through algorithms and then visualized/alarmed to the various operating personnel
In the utility industry in general, the current Controls of the grid are not fully coordinated. Relies
heavily on operator experience, response, and interventions. Too slow to respond in case of fast
cascading contingencies. The narrative in the Appendix details the solution envisioned.

Capability gap analysis

e Highly reliable redundant and dedicated (potentially NYPA owned) communication networks

e System-wide synchronized measurements for robust and fast state and topology feedback

o Determination of appropriate response rates of closed control loops

o Development, testing and implementation of more intelligent system protection schemes
(such as Adaptive Reclosure of Transmission Lines—A separate write-up is available for this)
for enhanced transient stability of the system.

e  Faster computation capability to approach real-time optimization, coordination and control

e System/equipment model identification and validation tools

e  Faster algorithms for system topology and state estimation

e Parallel algorithms and faster computers

Activities to address gap:

A combination of proven technology and R&D is required here. Some existing tools need to be
moved to beta testing and demonstration on actual systems.



BENEFITS

20% reduction in NYS congestion

e Reduced energy costs due to additional 300 MW wind savings to NYS
e Economy (reduction in wear & tear) savings to NYS
e Safety (equipment damage only) to NYS
e Economy (O&M reduction)
e Efficiency (1% technical transmission loss reduction) savings to NYS
e FTE O&M savings to NYPA
FUNDING

Since this capability can be developed utilizing AGILe as the platform, the slated funding for this lab
would provide for an adequate start. It is envisioned that this development will be done in
partnership with one of the large EMS vendors (ABB, GE-ALSTOM, Siemens and others), EPRI and
other partners with an appropriate level of cofunding. The funding mechanism(s) for the fiber
backbone needs to be determined.

COSTS & RESOURCES

RISKS

Once developed, this capability is envisioned to deliver a commercial or at least a pre-commercial
product that can be marketed. The cost of a new EMS system today could be in $10 to $20 million
range. Permanent on-going costs will be the routine maintenance costs of a typical EMS system
(0.5 M to 1.0 M annually).

Potential Risks:

1)

2)
3)
4)
5)

Ability to partner with other entities such as a major EMS vendor and and their willingness to
eventually develop a commercial product.

Finding and hiring the right work force with the necessary skills for the AGlLe lab.

Need for continued installation of additional PMUs or other Phasor data providing IEDs in NYS.
Ability to get time-synchronized system topology info (breaker and disconnect switch status)
Ensure cooperation from other NY TOs and the NYISO for funding, design, and installation of the
fiber optics backbone in NYS.



SRG2 Enhanced Situational Awarness — Further Reference Material

A Comprehensive Power System Operations and Control Structure--
Sensing, Feedback, and Automation

B. Fardanesh

A system operating architecture is proposed that allows for a comprehensive fully coordinated operation of
power systems. This architecture is completely based on sensing and feedback to a central location.
Therefore, redundant, highly reliable communications links are the central staple of such architecture.

At each generating station or substation, the sensed data are categorized into system electrical quantities,
i.e., system voltage and current phasors and breaker status (synchronized measurements) from all IEDs
(Relays, DFRs, PMUs, Metering, SCADA, RTUs, and PQ Monitors conforming to IEC61850, IEEE 37-118,
IEC61970), as well as all other measurements (which may be dubbed mechanical or equipment monitoring
measurements), such as all equipment temperature values (as well as ambient), pressures, transmission line
sags, dissolved gas in oil levels, rotation related quantities (vibration, air-gap, etc.), leakage currents, battery
monitoring system, PT, CT, equipment response rates, hydro plant head, available water levels, etc., etc.

Local redundant data-bases exist at the local level to store and archive this data. All data will be Common
Information Model (CIM) compatible. Cross-correlating application software will continually monitor the
health of the equipment and provide operating guidance vis-a-vis the power system operating conditions and
generate local and remote alarms when problems do arise. System harmonics and unbalances in conjunction
with the mechanical type measurements can help identify system problems. Trending of various quantities
will provide advanced warning to the system operator to take remedial and corrective actions. For example,
if a disconnect switch is not properly closed in one of the three phases and is introducing a high resistance in
that phase, the data from the corresponding heat sensor and the potential unbalance in the system voltages
and currents in the vicinity of that disconnect switch may be correlated to detect and pinpoint the source of
the problem. As another example, if a critical piece of equipment trips due to a sudden internal failure or a
severe contingency occurs, the knowledge of the thermal capability and status of all in service equipment
plus the information about the voltage profile in the area will enable the correlation and analysis computer
programs to immediately advise the system operator on the immediate actions to be taken to manage MW
flows and maintain appropriate voltage levels. Such a system would be extremely helpful to the system
operators in coping with emergencies, determining the operating state to go to right after an emergency, and
ultimately restoring the system to a normal state, given the situation at hand.

The data from all substations and generating stations will be available over a secure communications
backbone at all locations. Authorized access can be issued to various users such as operators, engineering,
etc. This communications backbone may be utilized for transmitting the necessary information to the
operations/control center.

For faster, real-time applications, it is desirable to have a dedicated broad-band communications network--
preferably fiber physically owned by the utility such as shield (or ground) wire embedded fiber--linking all HV
substations and generating stations to the operations/control center. It would be preferred to implement a
“super calibrator” at each site to locally filter the data at each site and provide validated trustable data for
transmission to the operations/control center. The super calibrator is a local state estimator that will utilize
redundant data and detailed local substation models to identify corrupt data and to ensure the quality and
accuracy of the transmitted data. This will considerably increase the confidence level on the data received at
the operations/control center and provide the state solver/estimator with highly trustable data.



Once sufficient, synchronized, trustable data (including breaker status or network topology data) with
adequate sampling rates are available at the operations/control center, the state solver/estimator, the
backbone of all EMS applications can run with a superior performance and as frequently as needed perhaps
in the sub-second even cycles time-frame. A centralized system topology and parameter estimation and
validation can also be performed if necessary. It is of importance to note that it is possible to perform a
direct one-shot (non-iterative) “state solution” as opposed to traditional iterative state estimation, if
adequate trustable synchronized data is available at the EMS. Also, contingency ranking and security
analysis, both from rotor-angle dynamics and voltage stability points of view, can be done very fast and
effectively, providing an optimum action plan to the system operator both under normal and emergency
conditions.

It is understood that the visualization and situational awareness, on a wide-area basis, is a natural by-product
of such capabilities at the operations/control center.

A distinct example of the benefits of this operating architecture is the coordinated voltage/MVAR control in a
control area. Based on sensitivity analysis, the control area may be sub-divided into a number of zones
where the voltage profile is most responsive to a designated set of controls. Both during the normal and
emergency situations, the sensed voltages are monitored and corrective and/or optimizing actions will be
computed (based on a defined set of criteria for the system) and the system operator will be advised on the
appropriate actions to be taken. The computations will take into account the desired objective (such as
maximizing power flow over a corridor, for example) and the power system topology and equipment
availability to determine the best course of action. The recommended actions can be in the form of
generator AVR set-points, on-off status of fixed shunt compensation devices, Load Tap Changer settings, as
well as the set points for the dynamic voltage control devices such as SVCs, STATCOMs, and synchronous
condensers.

Numerous other examples of advantageous utilization of this sensing and feedback based operating structure
can be cited. In the immediate future, the development should focus on providing valuable and timely advice
to the system operator. In the long run, as confidence is built, some of these actions may be performed
automatically via direct feedback from the operations/control center. Ultimately, such closed —loop
automated capabilities will be indispensable for operating power systems more reliably, safely, and
efficiently, especially in dealing with fast power system phenomenon. This envisioned robust design should
however gracefully degrade to a sub-optimal operating regime upon its or its components’ failure without
jeopardizing system integrity and reliability.
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Smart G&T Capability Roadmap Detail

SGR3: Optimizing the Utilization
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CAPABILITY VISION / STRATEGIC RATIONALE

This roadmap supports establishing a modern, flexible, and efficient grid that maximizes reliability and

resiliency while accommodating increasing amounts of power from clean and distributed generation,

reducing congestion and bottlenecks, and enhancing situational awareness and grid control. Under the

auspices of this initiative, flexibility will be ensured and efficiency provided in the face of increasing demands

on an aging grid by optimizing the utilization of our assets. By optimizing both the flow of power through

existing and potential new infrastructure and modernizing the maintenance and operation of our

transmission assets, we will increase:

Flexibility: a flexible system will be able to accommodate changing load and generation profiles, whether
due to increased penetration of renewables or distributed energy resources, energy efficiency, or
increased demands on the system in extreme weather events. The system will be operated in real time,
incorporating information from devices deployed throughout the network that provide information on
current operating condition, operating limits, equipment health, weather conditions, etc., and will ensure
minimized congestion through maximized utilization of assets.

Efficiency: the efficient grid will minimize losses throughout the system and deploy capital and labor in the
safest and most efficient ways possible. By operating to real time equipment limits, NYPA and NYS will
continue to reduce bottlenecks, and by examining and planning toward maximized asset utilization, we
can reduce losses from over- or under-sizing certain system components. This effort will explore
autonomous maintenance planning and practices to continue to reduce the risk to our employees involved
in operating and maintaining the system while reducing downtime required to prevent or correct failures.

Modernity: the modern, or “smart,” future for our transmission assets will incorporate cutting-edge
sensing, control, material, design, and maintenance technologies to move toward a self-healing (or, at
least, “self-alerting”) grid. This effort will build upon NYPA’s position as a technology, research, and
innovation leader in this area and continue to scale our pilot research projects in these areas to full-scale
deployment as assets. Where necessary, NYPA will collaborate with institutional research and private
sector institutions to develop new technology and simulate its impact on the grid using the capabilities to
be developed in the proposed Advanced Grid Innovation Lab (AGILe).

SOLUTION

e Current State

o Vast amounts of work, from around $1 million annual research and development work in
this area to the $725 million Transmission Life Extension and Modernization (TLEM)
program, are currently being undertaken in this area.

o System constraints, whether due to equipment age, system bottlenecks, or changing
generation profiles, will continue to impact our operations.

e Capability gap analysis

o Frameworks for taking new technologies from research to pilot to asset should be
developed to ensure optimal system planning.

o Data-driven operations and maintenance will require the buildout of more sensing and
communication infrastructure.

o Though system constraints are generally known, we have not identified the best way to
deploy all of the technologies at our disposal (FACTS, new lines, advanced control
techniques, dynamic rating, etc.) to best address problems in the entire system.

e Activities to address gap



¢ This initiative will study and implement technologies that have both been proven already in
the NYPA system (for example, PMUs or FACTS devices) and those that have not (robotic
inspection, new conductor technology, dynamic thermal rating, some of which have been
piloted, but not scaled fully) to improve the flexibility of the transmission system and the
efficiency of maintenance and operations.

¢ This initiative will undertake a full battery of system studies to determine the best course of
action for making system-wide improvements using capital investments in all related
technologies for increasing power flow. The options to be studied range from eliminating
unnecessary equipment constraints on power flow (for example, undersized wave guides,
current transformers, or connectors) to the construction or purchase of new lines.
Following the studies, which can leverage or help develop eventual capability for the AGILe
lab, program will be signed for investment that will most likely include some combination of
reconductoring, dynamic rating, FACTS deployment, or new construction.

e Using results from the system study and examining internal data, whether O&M spending,
existing technology, operational considerations etc. design frameworks will be developed
for implementing smart O&M - a framework to prioritize sensor deployment and a
framework for testing and implementing advanced maintenance technologies and
techniques, which we anticipate will include some combination of live work and
autonomous maintenance and data collection. Care will be taken to align installations with
TLEM work, when possible, to minimize downtime, and to establish the “innovation
pipeline” - a method of evaluating new technologies or approaches and smoothing their
transition from research to pilot to full system deployment.

e To correlate with existing TLEM work, a final study will be commissioned, whether to be
completed internally or by a third party, to ensure that our TLEM work is as modern as it can
be and helps to achieve the goals of this initiative.

- Power Flow Improvements Program Design

Dynamic Circuit Rating and Equipment Limit Matching - Phased Buildout

Device (FACTS Etc.) Deployment

Reconductoring with Advanced Conductors

New Line Construction or Line Purchase

- Optimal Sensor Deployment Analysis
- Smart O&M Program Development

New Work Techniques Deployment

System Study

Substation and Line Smart Sensor Installation

Autonomous Inspection, Monitoring, and Diagnostics Deployment

- Smart TLEM Analysis

Transmission LEM

v



BENEFITS

¢ Reduced congestion and bottlenecks, improving NYPA’s ability to move low-cost and clean power
throughout the state. Estimates of current congestion costs can be found in the annual NYISO
congestion assessment and resource integration study1

¢ Reduced costs for operation and maintenance thanks to autonomous techniques

¢ Reduced risk due to old equipment or necessary downtime

¢ Increased system flexibility and resiliency in the face of changing generation, consumption, and
climate events

¢ Increased system efficiency

¢ Industry leadership

Congestion reduction analysis is presented in the table below based on data retrieved from the annual NYISO
2013 congestion assessment and resource integration studyz. Projected demand congestion beyond 2012 is
provided in the report. Projected TCC payments are calculated using linear extrapolation on the historical
data from 2008 to 2012, as shown in the graph below. Due to the fact that paid TCCs provide hedging against
congestion benefits to customers can be claimed only on the unhedged congestion potion calculated after
subtracting TCC payments from demand congestion. A 10% saving of the unhedged congestion is assumed,
totaling $276 million of financial benefits from 2017 to 2022.

Year | Demand congestion TCC Unhedged Congestion Potential
for total NYCA Payments (SM) Customer
(SM) (SM) Savings
(SM)
Historical | 2008 2,611 1,143 1,468
Data 2009 977 480 497

2010 1,141 515 626
2011 1,169 511 658
2012 765 319 446

Projected | 2013 643 296 347

Data 2014 673 309 364
2015 749 342 407
2016 634 292 342
2017 757 345 412 41
2018 784 357 427 43
2019 906 409 497 50
2020 771 351 420 42
2021 929 419 510 51
2022 907 410 497 50
276

1 NY IS0 2013 Congestion Assessment and Resource I ntegration Study (p. 34), available online at
http://www.nyiso.com/public/webdocsmarkets operations/committees/bic_espwq_iptf/meeting_material §2013-08-
12/2013%20CARI S%20Draft%20Report%20%20rev.pdf.
2 .

Ibid
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FUNDING

Since much of the initiative focuses on continuing to develop technology that may or may not be
commercially ready at this time, significant opportunities for co-funding or research partnerships exist.
A target is to achieve between 5 and 10% of annual funding from external sources, whether from
institutional research organizations or collaboration with other utilities or private entities, or other
governmental sources of funding.

COSTS & RESOURCES

Detailed in the initiative backup Excel spreadsheet.

ORGANIZATIONAL IMPACT

¢ Implementation of smart grid technology will require the development of additional skill sets within
NYPA’s G&T organization. Through a close link with future asset management data analytics
functions, the ability to interpret and act on data-driven recommendations will need to be
developed within the organization. The new technologies will also have a different life cycle than
traditional transmission technologies, so developing ability to troubleshoot and manage these new
devices will be critical.

¢ New FTEs will need to be added to the NYPA workforce to facilitate development, implementation,
and ongoing operation and maintenance of the proposed projects. We assume that 3 new
engineers will be needed at an annual cost of $150,000 (including compensation and benefits).
Based on our knowledge of FTE constraints due to maintenance and compliance requirements of
new PMUs, additional sensors, other intelligent electronic devices etc., we're estimating we would
need about 10 more technicians at the sites — this includes ~2 per site for each of our 5 main
transmission facilities (Niagara, St. Lawrence, Blenheim-Gilboa, CEC, SENY), which will be added
gradually as 2 per year from 2016 to 2020. Each technician a cost of $100,000 is assumed. For the
duration of the physical infrastructure and line sensor installation work, we’re assuming around 5-6
additional linemen to avoid reducing the availability of regular line maintenance staff for regular
maintenance tasks. An estimated cost of $120,000 per lineman is used. We are assuming that any



FTEs required to implement and maintain communications networks, etc. are being captured in the
other roadmaps.

EXTERNAL STAKEHOLDER IMPACT

¢ This capability will improve grid operations in NYS, allowing the state to approach its renewable
energy goals and reducing emissions and costs to serve load to customers throughout the system.

¢ This capability will also serve as a model for other NY Transmission Owners who may proceed down
similar smart grid paths.

DEPENDENCIES & RISKS

¢ Achieving actionable results from advanced sensor deployment will require the development of an
asset management capability to analyze and interpret data. Though this is in the pipeline, care must
be taken to make sure the timeline on that effort is not extended so much that the efforts here
cannot be operationalized until a much later date.

¢ Transmission LEM must complete replacement of critical and vulnerable assets and lay some basic
infrastructure, so this initiative can focus on improvements not required for base system reliability.

e NY Transco could have an impact on any major new construction funding.
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CAPABILITY VISION / STRATEGIC RATIONALE

NYPA’s bulk generation fleet runs optimally while maintaining the capability to respond to a wide
range of system conditions, including, load/generation variability caused by intermittent bulk
renewables (i.e. wind, solar, etc.) by:

e the continuous optimization of water utilizing advanced water optimization algorithms
e supplying required regulating and reserve capability

e providing bulk energy storage capabilities to capture excess generation from intermittent
bulk renewables through existing pumped storage facilities (i.e. LPGP, BG)

e Working with all stakeholders in New York, initiate market changes that recognize and
properly value bulk energy storage capacity.

CURRENT STATE

As New York continues to implement Smart Grid technologies at the distribution and transmission
levels, NYPA’s bulk generation fleet must be prepared to rapidly adapt to the changes.

At this time, the industry is focused on the high impact areas of transmission and distribution, and
not yet evaluating bulk generation. With New York taking a leadership role, this initiative is being
proactive and looking at its bulk generation fleet to determine what proactive steps, if any, can be
taken to establish New York State as the leader in Smart Grid as it relates to bulk generation.

With no established definition of Smart Generation, NYPA has made a thorough review of what its
bulk generation fleets role can be with Smart Grid and identified two roles for its bulk generation:

0 the ability to quickly and efficiently respond to rapidly changing system conditions (e.g. a
large thunderstorm moves through Western New York shutting down 300MW of wind
generation)

0 the ability to store excess energy to support the expansion of intermittent bulk renewable
generation (e.g. absorbing 300MW of excess wind, or hydro at 3AM)

Looking at these two roles and the current state of the NYPA generation fleet, NYPA is well prepared
to meet these two roles through:

0 The highly flexible nature of NYPA’s existing hydro facilities allows these assets to have a
substantial surplus of regulation and reserve capability that can be made available quickly
and efficiently to the grid as the penetration of bulk renewables increases.

0 The use of NYPA’s two large pump storage facilities:

=  BGwith 12 GWh

= LPGP with 4 -6 GWh
NYPA has been proactively and continuously maintaining and improving its generating assets to
ensure high efficiency and flexibility which fully supports this initiative. Over the last several years
NYPA has spent over $1.1 Billion on major bulk generation efficiency/reliability/operational
improvements at its Blenheim-Gilboa, St. Lawrence, and Niagara facilities, and is currently
implementing a $470 million upgrade at its Niagara Lewiston Pump Storage Plant. These
improvements (see Table 1) that have been or are being completed, fully support the two goals of
flexibility and energy storage.
Current Status of Smart Technologies at NYPA Bulk Generation Facilities — Table 1

Plant Unit Governor AVR/Static Water Regulation Hydro
Controls Exciter Optimization & Reserves Turbine

Efficiency




RMNPP Planning Planning Yes Yes® Yes Yes
LPGP In Progress In Progress In Progress Yes® Yes Yes
BG No Yes Yes N/A Yes Yes
STL Yes Yes Yes Yes® Yes Yes
500 Yes Yes Yes N/A Yes' N/A
Flynn Yes Yes Yes N/A No N/A
SCPP Yes® Yes® Yes N/A No N/A

! Technical capability for regulation is in place, but currently not utilized since system
reliability/operational requirements and market/economic conditions do not warrant its use at present

2 Technology is already in place but is being upgraded and/or further enhanced

The major areas and technologies that support the flexible operation of the fleet and the stated
goals of this initiative are:

Unit Controls — the use of microprocessor (i.e. PLC or DCS) based control systems provides highly
reliable systems that are highly flexible. PLC’s were originally developed for the auto industry as a
means to quickly modify assembly lines. Prior to PLCs, manufacturers would have to shut down their
assembly lines for long outages to allow for the rewiring of their controls. With the advent of PLCs,
all of the changes are made through software requiring little to sometimes no outages. This same
flexibility allows rapid changes to generator controls.

Governor — prior to the use of microprocessors, generators were controlled with ‘dumb’ mechanical
systems comprised of springs, fly balls, and levers that could only control load and speed. With the
application of microprocessors to governors, intelligence could be incorporated to the design. While
a mechanical governor would only try to control speed, even when detrimental to the stability of the
system, modern governors are smart enough to know when they should not blindly control speed
and instead hold back to help stabilize the grid.

AVR/Static Exciter — the use of modern power electronics and microprocessors have enabled the use
of advanced control algorithms (i.e. Power System Stabilizer — PSS) that are now able to help stabilize
the grid during transient events. Prior to this the system was ‘dumb’ in that it could only maintain
voltage and was unable to determine if something detrimental was happening on the grid. Also, the
use of smart controls ensures that machines are better protected and prevent them from being
operated outside of their limits.

Water Optimization — using computer algorithms that include stochastic forecasts, determine how
best to convert available water to megawatts, while obtaining maximum revenue and while
complying with international treaty.

Regulation & Reserves — receive real time (seconds) signals from the NYISO across secure and
reliable communication links that continuously change the generator fleets output so as to maintain
the continuous balance between load and generation

Hydro Turbine Efficiency — using advanced hydraulic modeling and computer modeling, designing
turbines with optimum efficiency for specified head and flow

In Progress Projects:

0 RMNPP Controls (CPR-524) — Unit Controls, Governor, AVR/Static Exciter, Regulation &
Reserves, and Hydro Turbine Efficiency — replace the existing mechanical governor and
electromechanical controls with new microprocessor based controls. This project was
started in early 2014 with expected completion in 2022.



0 STL Optimization (CPR-880) — Water Optimization — replace the existing water/generation
optimization program with a new version utilizing current programing technologies
providing improved program performance. This project was started in 2014 and is expected
to be completed in 2015.

0 NIA Optimization — Water Optimization — enhances the existing water/generation
optimization program to also utilize energy pricing to optimize generation. Expected
completion 2014.

0 NIA Diversion Control — Water Optimization — improves the control algorithm to improve
the automatic control of water and generation usage between the Moses and LPGP facility.
Currently NYPA uses Flow3D CFD software to simulate flow at Niagara/LPGP. There are
ongoing EPRI projects looking to evaluate and improve upon Niagara/LPGP flow
measurements and flow simulations so as to optimize the operational performance at
Niagara/LPGP. Some of the preliminary EPRI reports generated, along with a demonstration
of a simulation package with optimizing algorithms indicates that there could be an
opportunity to improve flow control and operational efficiency.

0 SCPP Controls (CPR-1075) — Unit Controls, Regulation & Reserves — replace the controls at
all seven SCPP sites with the latest microprocessor based controls. It was started in 2013 and
is scheduled for completion in 2018.

0 LPGP LEM (CPR-555) — Unit Controls, Governor, AVR/Static Exciter, Regulation & Reserves,
and Hydro Turbine Efficiency — replace all major plant equipment including new high
efficiency turbines, microprocessor based unit / governor controls and static exciters. The
project was started in 2010 and is scheduled for completion in 2020.

Capability gap analysis
e Assummarized in the Current Status table, the entire NYPA bulk generation fleet is, or is in
the process of being upgraded, effectively meeting the stated goals of this initiative. (The
one exception to this is BG controls, which is not currently planned for upgrade and is not an
impediment to the Smart G&T initiative).

BENEFITS

Bulk power storage plants provide a valuable benefit to the efficient operation of the electric
grid. National Renewable Energy Laboratory (NREL) and Power Systems Engineering Research
Center (PSERC) are collaborating on a project to better model pumped storage (as well as
eventually other large-volume energy storage resources) in day-ahead and real-time markets.
The goal is develop advanced modeling techniques that utilize the flexibility of pumped
storage, being a generation and demand-response asset, and its numerous capabilities to
provide ancillary services, and have a prototype that can eventually be adapted in ISO/RTO
system operations and its market software. The analysis and potential enhancements to how
pumped storage is utilized will range from the bidding process, to the optimization engine, all
the way to prices and settlements. The team is setting up an advisory board made up of experts
from industry on current pumped storage bidding procedures, current utilization of pumped
storage in ISO markets, and current settlements procedures for pumped storage. The advisory
board will contain members of most of the ISOs in the U.S. as well as numerous utilities or
owner/operators of pumped storage facilities.

The 1200 MW Blenheim-Gilboa (BG) pump storage power plant has the ability to ‘store’

12 GWh of energy that can be supplied to the system at 1000 MW for 12 hours. The difficulty of



fully realizing this valuable resource is under current market conditions the energy required to
pump the water must be purchased at wholesale LBMP rates and also sold at wholesale LBMP
rates; the difference between lower (Off-Peak) LBMP rates for pumping and higher (On-Peak)
LBMP rates for generating is typically too small to make its use economically feasible.

The break-even point for BG is at approximately 70%; for example if power was purchased at
$36/MWh for pumping, power would need to be sold, at a minimum, at $52/MWh to break-
even, which does not include any additional O&M costs associated with more frequent
operation.

DEPENDENCIES & RISKS

Although NYPA has bulk energy storage capabilities, existing NYISO market rules do not recognize this
valuable asset by providing any cost recovery mechanism limiting its utilization. Until the value of large
scale energy storage is recognized (e.g. as an ancillary service), it will remain underutilized.

The definition of Smart Grid itself, by its very nature is dependent on a fully integrated and logically
communicated and controlled system that requires coordinated effort and dependent operation amongst
all Smart Grid related activities.

All stakeholders, including NYPA uncontrolled external entities must be coordinated to ensure
success. One possible solution is to form a centrally organized committee made up of all entities
to ensure a coordinated and organized plan of Smart Grid implementation going forward. To
avoid the appearance of any conflict of interests, it is recommended that the NYISO lead such a
committee.

Timeframes for all stated activities have been provided within the body of this report.
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CAPABILITY VISION / STRATEGIC RATIONALE

As the owner/operator of three large hydroelectric power generation facilities in NYS NYPA has the capability
and mission to ensure reliable, clean, and affordable power to the people of NYS. This mission includes the
stewardship of NYS natural resources, particularly the water resources of the St. Lawrence River and Niagara
Falls, in collaboration with international treaties with Canada. NYPA’s mission statement says:

Power the economic growth and competitiveness of New York State by providing customers with low-cost,
clean, reliable power and the innovative energy infrastructure and services they value.

This mission is accomplished through NYPA’s continuous improvement and modernization programs and by
its leadership and collaboration in programs such as the NY Energy Highway initiative, energy efficiency
programs, and public/private partnerships.

With its strong regional control centers controlling 25% of the electric generation capacity in NYS and
ownership of over 1400 circuit miles of transmission throughout NYS, the integration of additional power
sources in NYS in the form of bulk renewable power such as wind farms and solar photovoltaic farms fits
naturally into NYPA’s mission and capabilities.

Constraints in the transmission system limit the flow of power from the North and Western regions of NYS to
the South and East high load centers. At this time the bulk of the wind farm developments are in the North
and West regions of NYS. With NYC and LI representing 50% of the NYS load but 63% of the generation is
upstate where transmission constraints cause high prices to downstate customers.

Therefore, this roadmap identifies the following target:
e Encourage and incent third party bulk renewable developers to interconnect to the NYPA

transmission system. This goal is in line with NYS initiatives for clean power and takes advantage of
NYPA’s expertise in implementing reliable interconnections as demonstrated with other wind farm
developers. NYS currently has approximately 20% generation in the form of bulk renewable (15%
hydro, 5% wind and other). NYS PSC has established a target that approximately 30% energy used
(GWH) in NYS by 2015 comes from renewable sources. Grid can operate reliably with a high
percentage of bulk and distributed renewable generation. Identify locations in NYS where NYPA's
transmission system substations provide good interconnection for additional bulk — such as mapping
wind studies with T-LEM to prioritize system improvements.

With roughly 80% of NYPA's generation capacity in the form of bulk renewable, NYPA is exceptionally
positioned within any overall state targets for renewable generation sources. NYPA’s B-G Power Project
Pumped-Storage hydro facility with 1160MW capacity also provides significant storage capability but is
currently utilized as a peaking plant. This roadmap identifies the following target:

e Develop studies (electrical system, market pricing, operational) and analyze options for increased

utilization of B-G as a storage facility with more frequent generation. Additional generation from B-G
will result in additional revenue for NYPA and will bring NYS closer to its target of 30% of electricity
usage from renewable resources.

e The analysis should include options for bilateral agreements with Nuclear plants and/or wind
developers in order to avoid market pricing for the pumping costs. This would incorporate large
amounts of energy storage that can provide dynamic response and energy shifting capabilities to
mitigate the intermittency, ramping, and dump power issues associated with renewable generation.



The addition of such new power sources must take into consideration the efficiencies that NYPA has built into
its hydroelectric power stations for optimal use of water, transmission capability, power delivery to areas
where it's needed most, and for the overall benefit to NYS and NYPA's customers.

SOLUTION

NYPA is one of the premier producers of clean bulk power in the US. NYPA owns and operates three (3) large
hydro facilities with capability of approximately 4600 MW and four (4) smaller hydro projects with
approximately 25MW capability. The total hydro generation of 4450MW represents roughly 80% of NYPA’s
overall generation resource and 25% of NYS as a whole. Included in the generation capability is
approximately 1160 MW from the pumped-storage facility at the BG Power Project. Following is a list of
NYPA’s bulk renewable generation sources).

Facility Units Unit Capability Avg Availability MW
Average Plant
Availability
(% of hours
available to
produce

power/8760vailability

Niagara Robert Moses Power 13 225 89.2 2675 (w/LPGP)
Project and LPGP

St. Lawrence FDR Project 16 55 90.1 800
Blenheim-Gilboa 4 290 86.5 1160
Small Hydro 12 various 59.4 23

In addition to its own bulk renewable generation resources, NYPA has integrated bulk renewables from
independent wind farm developers. These include:

Noble Environmental (Ryan & Duley Substation):




Noble Environmental Power is a leading wind energy company and owns four wind farms in North country
New York. These four project sites produce about 385 megawatts, enough energy to power about 110,000
homes. The four (4) sites and their capacities are:

e Altona, Clinton County, 97.5 MW wind farm consists 65 GE 1.5 MW turbines

e Chateaugay, Franklin, County, 106.5 MW wind farm consists 71 GE 1.5 MW turbines

e Clinton, Clinton County, 100.5 MW wind farm consists 67 GE 1.5 MW turbines

e Ellenburg, Clinton County, 81 MW wind farm consists 54 GE 1.5 MW turbines.

Interfaces to the NYPA bulk electric system are at:
e Altona wind farm tie in to NYPA transmission system at Duley Substation and Ellenburg,
e Clinton and Chateaugay wind farms tie in to NYPA transmission via Ryan Substation.

Horizon/Marble River Wind farm (Patnode)

Marble River has installed a wind-power electric generating project in the towns of Clinton and Ellenburg in
Clinton County, NY. The projects include a total of 72 turbines, comprised Vestas V112 wind turbines with
generating capacity of 3.0 MW each. The two (2) sites and their capacities are:

e 56 turbines installed in Town Clinton, 168MW

e 16 turbines installed in town of Ellenburg, 48MW.

The wind farm is capable of producing up to 216 MW of power. These two wind farms tie in to NYPA 230KV
transmission line at Patnode substation.

With their interconnections to the Northern Region transmission system, the wind farms receive generation
control settings from NYPA’s SCADA system at the STL-FDR Power Project.

The interconnections to NYPA's transmission system are coordinated within many NYPA departments. The
technical requirements are detailed in NYPA interconnection agreements and the Design Basis Documents
established by NYPA Engineering. The Design Basis establishes requirements for interconnection, addresses
safety issues, and reliability and resilience for the interconnection. Flexibility is built into the Design Basis so
that appropriate options for interconnection can be considered.

Communication and Control of the Wind Farms

Ryan, Duley and Patnode substation are monitored and controlled by STL control room. NYISO uses ECC,
SCADA and NYPA local wind farm Remote Terminal Units (RTUs) to pass curtailment flag and load base-points
to wind farm control centers.

RTU and data collection and transfer equipment has been installed at each substation to collect
instantaneous data to be telemetered to the STL control center. The Local RTU interface with STL SCADA is
via two redundant communication circuits. The primary communication link utilizes microwave and
secondary communication link uses AT&T T1 frame relay circuit. Smart RTUs support multiple substation
protocols that allow easier interface to smart digital Primary and Secondary protection Intelligent Electronic
Devices (IEDs) such as Breaker protection, Line protection, Transformer protection, revenue meters etc.
Multiple communication ports in the RTU eliminate hardwired I/O connection in RTUs and allow easier
interfacing to smart substation sub systems such as Automatic Transfer Switches (ATS), propane generator,
digital transducers etc. providing overall situational awareness of the substation and the windfarm.

NYPA measures, via RTU, net power flows including MW and MVAR, MWHR and loss profile data to and from
the Marble River Wind farm at the point of interconnection. NYPA also provides wind farm metering and
substation quantities in analog and digital form to wind farm over fiber link to their Wind farm Energy
management system. Wind farm also provide gross MW and MVAR quantities at each generator terminal.



Microwave Communication System

New digital Microwave towers and communication equipment has been installed in these substations to
interface with the existing NYPA digital microwave system. The new microwave system at Duley interfaces
with Big Hill microwave Tower. Patnode interfaces with Ryan Tower and Ryan Tower interfaces with Willis
substation Tower. The microwave back bone is from Plattsburg to Willis to Massena to Moses substation.
Digital Microwave system provides critical and reliable communication path for Line/substation protection
and remote substation operation.

Capability gap analysis And Activities to Address Gap (What else is needed?)
Overall, six (6) studies, to be funded by NYPA, are identified for this roadmap.

Target 1: Promote interconnection to NYPA transmission system by third party bulk renewable developers:

NYPA has demonstrated its capability to interconnect and integrate new wind farm facilities as is seen by its
connections in Northern NY. This target is largely driven by developers and market conditions. As long as
wind farm developers are willing to exploit wind resources and/or solar or other bulk renewables NYPA will
be able to accommodate the developers. NYPA’s Engineering Design Basis document provides details to
developers regarding NYPA's interconnection requirements. NYPA is also in the midst of its multi-year
Transmission Life Extension Modernization (T-LEM) projects that will upgrade all of its substations. This will
further strengthen NYPA’s capability to support additional generation sources upstate. As a multi-year
project it may be possible for NYPA to consider wind and solar studies to determine and prioritize the
ordering of the substations upgrades to those areas more beneficial to developers of renewables.

In the “2013 Special Reliability Assessment” report issued by NERC in November 2013 with California I1SO
(CAISO), NERC reports on specific areas to address integration of bulk renewable, these include:
e Reactive Power Control
e Active Power Control
e Inertia and Frequency Response
e Steady-State, Short-Circuit, and Dynamic Generic Model Development
e The recommendations from NERC and CAISO include development of standards, standard designs for
reactive power control, flexibility in ramping, and frequency response capabilities. Utilize
transmission studies to determine where constraints are in the transmission system and overlap
with wind studies identifying high wind locations in order to prioritize T-LEM upgrades to provide
interconnection into the NYPA transmission system where developers want to build;
e Fund studies on Grid-scale battery storage pilot projects;
e Fund studies and simulation of hypothetical integration of more renewables to prioritize R&D (Agile),
the basis for the studies could come from the NERC/CAISO report;
e Negotiate power purchase agreements with bulk renewable developers;
e Regularly review and maintain design basis document and update it to account for new technologies
and support for the system capabilities identified in the NERC/CAISO report;

Target 2: Study development of BG as a storage facility for higher utilization and stabilizing variable
generation sources:

In the winter months of 2013 — 2014 the BG facility was called in to frequent generation mode due to
extremely harsh winter weather resulting from a Polar Vortex. During the January to March period, BG
revenue were 5 times budgeted ($3,649,000 budgeted vs $14,645,000 actual). The reason was due to high



market prices due to fuel gas shortages that outweighed the cost of pumping BG. Therefore to utilize BG
more effectively for increased revenue the following activities are needed:
e Participate in EPRI Program 173, generation and wind/solar studies and modeling is researched;
e Fund studies for market analysis for bilateral agreements vs market pricing for purchasing power to
pump BG;
e System Planning studies to analyze new modes of BG operation such as storage control and
regulation;
e Continue to participate in NREL — PSERC study;
0 The PSERC project develops new models and algorithms to effectively integrate energy storage
technologies within existing energy management systems and market management systems.

Negotiations with a base loaded plant that can reliably provide low cost power to B-G should be explored.
Other options include direct transfers from NYPA plants such as Niagara, purchasing power from plants that
are financially troubled, or consideration for building new transmission to interconnect directly into
regions/zones were BG could sell into more expensive markets.

Another study area for exploration could be development of another generating unit/plant at BG. This unit
could be a small unit fueled by the existing reservoir. The unit would be a generator only that would not
have the operational and market constraints of the BG plant. The additional unit(s) could provide voltage
and frequency support as identified in the NERC/CAISO report as well as additional generation capacity.
Environmental impact and geological components would need to be included in the study.

General Commentary

NYPA has demonstrated experience of its capability to integrate bulk renewable generation resources into
the power grid through its own hydroelectric projects as well as with its interconnections with 3" party wind
farm developers.

The majority of wind farm sites in NYS are located in the northern and western regions of the state. These
are lower load areas compared with the south eastern portions of the state. The excess of the wind farm
capacity upstate and the limitations of the transmission system to deliver power to the lower portions of the
state due to system constraints and delivery losses on long-haul transmission lines limits suitability for
additional wind power sites upstate.

Excess capacity upstate is resulting in NYPA’s major hydro resources (arguably the largest and cleanest bulk
renewables) to back off generation and thereby its utilization of water from Niagara Falls and the St.
Lawrence River. This reduction in generation could result in less efficient operation of existing clean facilities
and higher costs to consumers as higher cost generators are dispatched.

NYPA can use its Transmission Planning and Engineering resources to enhance its transmission planning and
siting programs to determine where the capacity is needed and the identification of any transmission
constraints that should be addressed to ensure efficient delivery. A concept of “build it where it’s needed” as
opposed to “build it and they will come” is needed.

Improvements to the transmission system so that power from upstate can be delivered downstate without
impact to NYPA existing hydroelectric generation should be considered. Projects to update the transmission
system through the T-LEM program and NY Energy Highway are important and should address the
constraints issue and allow flexibility for a variety of generation sources.

Other areas for possible solutions

Increase transmission capacity or energy storage or aggregated Demand Response programs.



Weather forecasting models, particularly for wind and solar forecasting, are needed to determine proper
placement for these renewable sources. With improved forecasting for wind or large solar projects better
integration into the markets will result. NYISO has a wind forecasting initiative and NYPA is supporting them
on the early stages of a solar forecasting model.

On a more distributed level, that could support the transmission level, is the use of smart inverters for solar
or wind power plants. Inverters can work to support voltage or frequency on the grid and may offer
functionality to support transmission.

New generating facilities and likely new substations will require expansion of NYPA’s communication circuits.
Upstate regions utilize a new digital microwave system for their primary communication and T1 for
secondary communication paths. An opportunity to begin development of a fully NYPA owned and dedicated
communication system using existing rights of way and transmission towers should be explored as part of the
modernization efforts.

Timelines
e Studies can begin in 2015 and would be expected to take 1 — 2 years;
e NYS Installed Reserve Margin (IRM) is at 17%
e NYISO projections are that generation will be ahead of load through 2019;
Generation will match load 2019-2020;
New generation will be needed by 2021 to stay ahead of the load growth;
Actively pursue BG option for more utilization of BG generation
Complete operation system studies
e Negotiate pre-purchase agreements at 50% discount to historic average market prices
e Complete this combination option (1 & 2) by 2019 in order to support load growth;

BENEFITS

Target 1: Encourage third party bulk renewable developers

Promote interconnection to NYPA transmission system by third party bulk renewable developers:For this target
area, NYPA has demonstrated its capability by integrating several wind farms into NYPA’s Northern Region
substations and SCADA system and EMS.

NYPA has demonstrated experience of its capability to integrate bulk renewable generation resources into the
power grid through its own hydroelectric projects as well as with its interconnections with 3" party wind farm
developers. Several 3™ party wind farms have been interconnected into NYPA’s Northern Region substations and
SCADA system and EMS.

This target becomes primarily an initiative to support NYS goals for increased clean power sources such as wind
and solar. In 2013, use of renewable in NYS was 22%, the NYS PSC target for 2015 is 30%. The benefits would be
intangible to NYPA such as continuing leadership in “green” power and stewardship of the natural resources of
NYS which links with the mission statement.

By increasing generation from BG based on the Target 2 outcome then the additional generation will add to the
renewable usage target to benefit NYS.

Target 2: Utilization of BG as storage for higher utilization_and stabilizing variable generation sources:
In the winter months of 2013 — 2014 the BG facility was called in to frequent generation mode due to extremely

harsh winter weather resulting from a Polar Vortex. During the January to March period, BG revenue were 5
times budgeted ($3,649,000 budgeted vs $14,645,000 actual) since gas supplies were restricted and BG was



needed to generate. The reason was due to high market prices that compensated for the cost of pumping BG. The
project for modeling pumped-storage hydro by PSERC for better utilization should be able to provide quantitative
results that could be applied to B-G operation.

Additional benefits include:
e Increased revenue
e stabilizing and reducing wholesale electricity prices
e increasing the spread of renewable energy- reducing the need to expand electricity transmission
e Increased usage of renewable power to help meet the NYS goal of 30%
e improving grid operations
e enhanced bulk energy storage compared to conventional batteries
e Higher utilization of plant capacity (probable increase in O&M)
Based on meeting of 7/31/2014 financials are to be removed from this roadmap.

Assumptions:

Market Price to sell BG generation: $36.00/MWh

Price to buy energy to pump BG:  $18.00/MWh

BG generates 8 hours per day

BG does not generate on weekends (generates 365 — 2*¥52): 261 days
Plant efficiency 69% (Pump = 1.42 * Gen)

Increase in renewable generation value is based on 2013 NYISO Gold Book using 2012 year end totals and the
generation values in the tables below. It is assumed that the BG generation will displace Coal.

Gen Gross Gen Gross Gen Rev Gross Pump | Net Gen Net Revenue Increase to
MWh/yr MWh/yr MWh/yr % NYS

renewable

generation
250 522,000 $18,792,000.00 741,240 (219,240) $5,449,680.00 n/c
500 1,044,000 $37,584,000.00 1,482,480 (438,480) $10,899,360.00 0.5
750 1,566,000 $56,376,000.00 2,223,720 (657,720) $16,349,040.00 1.0
1000 2,088,000 $75,168,000.00 2,964,960 (876,960) $21,798,720.00 1.25

Budgeted Net Revenue for BG in 2013 was $5,050,000.

Using the 500MW Generation estimate NYPA would have $18,899,360 Net Revenue which is an incremental
benefit of approximately $5.8M.

FUNDING



Funding for this effort would come from NYPA general funds and budgeted annually as needed for research
efforts. NYPA already participates in several EPRI research efforts and can provide additional funding for targeted
collaboration projects.

As developers and projects are identified to support then capital funding requests would be budgeted.

Additional funding could be developed in partnership with developers.

COSTS & RESOURCES

Initial costs for this effort would include budgeted dollars as well as labor resources to fund the studies as well as
NYPA staff to work with the research partners and consultants.

Normal NYPA procurement processes would be followed.

IMPACT ON MARKET

If the studies prove that reliable pre-purchase agreements can be contracted with power producers then the
added generation from BG can result in stabilizing and reducing wholesale electricity prices.

As wind power and/or solar expand into the NYS market BG provides a stabilizing factor for the intermittency of
variable generation sources.

BG provides large bulk energy storage compared to conventional batteries and other sources that are still
immature technologies.

Results from the studies could lead to additional benefit to NYS such as:
e Meet NYS and Federal requirements for clean power in the renewable portfolio
e More availability of clean power, reducing greenhouse gas emissions.
e Identify new renewable resources and how they can be integrated into the NYS grid
Brings down cost of clean power
Can retire older fossil plants
Creation of permanent jobs to operate and maintain the plant
More jobs during the construction phase

ORGANIZATIONAL IMPACT

Target 1: Encourage third party bulk renewable developers

NYPA has experience with working with bulk renewable developers in the Northern Region and their
interconnections into NYPA substations and to the SCADA and EMS. Any project with a bulk renewable developer
would follow normal NYPA project management procedures.

Target 2: Utilization of BG as storage for higher utilization

NYPA has operated the B-G facility more frequently in the past under when market pricing has been favorable for
generation over pumping. Therefore the organizational impact should be minimal.



EXTERNAL STAKEHOLDER IMPACT

As BG is better utilized as a generation source NYS would be able to encourage more wind, solar, and other
renewable sources since BG could provide a stabilizing force in the market with its reliable hydro supply.

Additional impact to stakeholders includes:

increasing the spread of renewable energy- reducing the need to expand electricity transmission
Increased usage of renewable power to help meet the NYS goal of 30%

improving grid operations

More availability of clean power

Impact to day-ahead and real-time market pricing

DEPENDENCIES & RISKS

Identify dependencies between activities

A high-level risk overview, specifying probability and severity of key risks, risk owners and action
plans.
Determine timeframes for the activities

Target 1: Encourage third party bulk renewable developers

The risk is the continued viability of adding bulk renewables into the NY system. Transmission constraints need to
be addressed. Another factor is general economic conditions and tax incentives so that developers and investors

would want to continue to build renewable power sources in NYS.

Target 2: Utilization of BG as storage for higher utilization

At this time tariffs and market prices are not favorable to warrant running B-G generation more frequently. As
seen in the first quarter with the actual revenue at approximately 5x the projected revenue for B-G, a significant
benefit for NYPA is available. However, without pre-purchase agreements or significant differential in pricing
between buy and sell (>30% needed) it won’t make sense to run B-G more frequently.
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CAPABILITY VISION / STRATEGIC RATIONALE

Today’s energy system is transitioning dramatically. The current macrogrid, made up of large scale power plants
generating bulk electricity to be transmitted to substations and then distributed to end users is evolving into a
more complex, smarter system. A growing market for end user participation via on-site generation is enabling the
development of renewable technologies, small scale power plants and local energy networks. This end user effort
is contributing to the need for a holistic approach to the next generation grid, where end user generation will be
tied into the macrogrid to benefit the overall system.

As the nation’s largest public utility and a leader in innovation, NYPA has the opportunity to aid in the
development and integration of distributed generation technologies. With this goal in mind we present the
following vision:
1. Play a leading role in incentivizing the installation of DG assets.
2. Provide a control center platform to seamlessly tie in existing and future distributed generation assets
for better control and stability of the overall system.

3. Demonstrate the benefits and feasibility of local energy networks.

SOLUTION

Play a leading role in incentivizing the installation of DG assets

e Leverage expertise to help mold industry standards

e  Currently standards for interconnecting distributed generation (IEEE1547) are under development. NYPA
can expend resources to assist in developing these standards in a way that we can detail how we would
be able to communicate with the asset. In addition, the Public Service Commission (PSC) is revising some
of their regulations in order to better facilitate the installation of distributed generation technologies.
We have been active in the committee meetings in order to aid in the development of less restrictive PSC
regulations.

e Provide funding for select distributed generation (DG) assets based on optimizing our transmission assets

Optimal placement and sizing of DG assets can decrease system losses and reduce power congestion. A study
will be proposed to look at ideal locations for DG assets at customer locations. While this is commonly utilized
on the distribution side, there may be some implications for power loss reduction via the integration of DG
assets along the transmission lines.

NYPA aims to provide a control center platform to seamlessly tie in existing and future distributed generation for
better control and stability of the overall system.

e Implement a Virtual Power Plant and DG data monitoring software

A Virtual Power Plant (VPP) is a controller which utilizes real time data from a cluster of distributed generation
assets. The VPP will have built in control modules to ensure all generation sources are running optimally and
maximizing economic payback. Savings will be derived from demand response, ancillary services, grid energy
curtailment, real time power purchasing, etc. In addition, data will be archived so any irregular behaviors of
generation sources will be identified and remediated. Additional data such as weather information and wind
information will allow for VPP forecasting. This information will also be tied into our smart generation and
transmission controller to optimize DG assets, prioritize clean energy, enable black start of power stations, and
enable more accurate power planning/purchasing.

Demonstrate the benefits and feasibility of local energy networks
e Demonstrate a microgrid installation to serve as an example of the benefits that are included in
distributed generation technologies



There are microgrids located within New York State, but the uniqueness of the proposed pilot is that we would
like to integrate these assets into our internal Virtual Power Plant software. An advanced controller would be
installed in order to allow remote monitoring and possibly control. Different control algorithms would be
tested to determine optimal ways to benefit customer, distribution company, and generation/transmission
supplier.

Current State
1) Incentivization of DG

a) IEEE in process of developing DG interconnection standards (1547)
b) Currently no geographic map of where DG placement would be optimized
2) Implement Virtual Power Plant

a) Currently no hardware/software support for DG assets
b) NYPA currently has programs to monitor customer usage via smart meters, the capabilities are deficient
for what we need but it can act as a template for data center implementation
c) Currently do not have the proper technology at DG sites to communicate with VPP
3) DG/Micro-grid pilots
a) Internal MG&DG program established to install one (1) upstate and one (1) downstate CHP/MG
project

Capability gap analysis
1) Incentivization of DG
a) Participate in IEEE 1547 standards
b) Optimize placement of DG
2) Build ‘Virtual Power Plant’
a) Install Hardware, and design software system
b) Data centralization and visualization
c¢) Enhanced Load Management
d) Integrate with existing DG control systems
e) Integrate weather information
f) Integrate with NYPA power planning/purchasing systems
3) DG/Micro-grid pilots

Activities to address gap
1) Incentivization of DG

a) NYPA to send resources to IEEE 1547 meetings to aid in establishing standards for DG interconnection
b) Hire a contractor to perform study
2) Build ‘Virtual Power Plant’
a) Install Hardware, and design software system
b) Data centralization and visualization
c) Enhanced Load Management
d) Integrate with existing DG control systems
e) Integrate weather information
f) Integrate with NYPA power planning/purchasing systems
3) DG/Micro-grid pilots

BENEFITS

Quantifiable cost savings were derived from the following methodologies
1) Incentivization of DG — No quantifiable cost savings at this point.



2)

3)

Build ‘Virtual Power Plant’ — Monetary savings via demand response for customer. Possible savings if we plan
to set up shared saving agreements. Additional savings can be acquired via building, maintaining, and
controlling the DG asset.

DG/Micro-grid pilots — Revenue is based on our Energy Efficiency Division project management fee. It is
assumed that we will be implementing the project for the customer and potentially financing it, but the
customer will cover the implementation cost and receive the savings.

Qualitative savings

1) Incentivization of DG
a) Enable market penetration of clean, renewable energy technologies.
b) Increase resiliency via distributed generation as backup power.
2) Build ‘Virtual Power Plant’
a) Coordinate emergency response plans via customer DG assets for when the macrogrid goes down.
b) Optimize power purchasing due to enhanced forecasting to lower customer energy costs and
increase NYPA's flexibility in the energy market.
c) Real time monitoring of PLM and other demand response programs.
d) Reinforcing current infrastructure without building additional structures.
3) DG/Micro-grid pilots
a) Demonstrate the viability and benefits of microgrids to spur private capital investments in microgrids.
FUNDING
1) Incentivization of DG — Assumed no outside funding
2) Build ‘Virtual Power Plant’ — Assumed no outside funding
3) DG/Micro-grid pilots - Customer will fund DG/Microgrid, NYPA will pay for initial study to spark customer

interest. NYPA will provide project management services for installation.

COSTS & RESOURCES

1)

2)

3)

Incentivization of DG

a) Study Cost—$250K

b) Human resources required are available within NYPA
Build ‘Virtual Power Plant’

a) Startup funding - $5M for Hardware/Software

b) Ongoing funding — 6-8 FTE — $1,500,000k/yr.
DG/Micro-grid pilots

a) Human resources required are available

IMPACT ON MARKET

1)
2)
3)

4)

5)

Stimulate Distributed Generation projects within New York State.

Allow for market penetration of microgrids.

Create a new revenue stream via new business models (l.e. build, own, operate, and maintain DG assets

on customer property).

Create platform for DG controls for our customer and NYPA

a) If PSC changes regulations, customer DG assets can assist the macrogrid by exporting energy
produced.

Optimize power purchasing due to enhanced forecasting to lower customer energy costs and increase

NYPA'’s flexibility in the energy market.



6)

Real time monitoring of Peak Load Management and other demand response programs.

ORGANIZATIONAL IMPACT

Additional staff required to support overall DG effort

EXTERNAL STAKEHOLDER IMPACT

New York State

Lower energy costs for NYPA customers
e More diversified portfolio of generation sources
Reduce GHG emissions
Reduce Source EUI
Increased grid resiliency

Investor Owned Utilities

Platform for next generation smart distribution grid
0 Potential to partner with NYPA and customers to utilize generation data in distribution planning

Customers

Easy way to tie in existing and proposed DG Assets
DG assets will increase in savings amount via NYPA control system

DEPENDENCIES & RISKS

Integration needed with other NYPA initiatives (Customer Energy Solutions & Build Smart, NY Energy
Manager) and NYPA departments (IT, Economic Development, Power Purchasing, Operations, & Energy
Efficiency)

Risk Review

e  Cyber security required
e  Economic — medium

e Safety — medium

Currently regulatory barriers

Economic feasibility of distributed generation technologies in varying applications
Customer commitment

Market penetration of distributed generation technologies

Risks of using new cutting edge technology
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EXECUTIVE SUMMARY

Strategic Rationale and Drivers of the Initiative

The New York Power Authority’s (NYPA’s) generation and transmission (G&T) infrastructure is the foundation
from which low cost, clean, reliable electricity is provided to customers in New York State (NYS). The effective
management of these assets, in the form of investment and maintenance, is critical to ensuring that NYPA’s
G&T infrastructure remains in good health and that NYPA can continue to provide a reliable, low cost service
to customers. Over the past 70 years NYPA has demonstrated clear capabilities in the management of its
assets in the face of changing industry conditions and to meet requirements from the Governor’s office to
deliver infrastructure projects to support secure power supply in NYS.

As the energy industry enters a period of transformation, with the deployment of new G&T technologies as
well as the emergence of new customer consumption patterns, the demands on NYPA’s assets are set to
change yet again and this will have a corresponding impact on the investment needs of both existing and new
assets. It will require a new framework for asset management to ensure NYPA has greater understanding and
visibility of the assets installed on its system to allow informed decisions to be made with respect to the
allocation of investments required to manage its portfolio of G&T infrastructure. An approach that supports
targeted asset management will also increase in importance given that much of NYPA’s G&T infrastructure
dates to the 1950s and will require significant investment to enable continued operation. This was a key
driver of the New York Energy Highway Blueprint and efficient investment in G&T assets will be critical to
ensure the continued provision of low cost, clean reliable power to customers in NYS.

The proposed solution

NYPA is proposing to develop and implement an asset management approach aligned to the provisions of the
internationally recognized asset management standards, International Standards Organization (ISO) 55000.
The ISO 55000 standards provide guidelines for cross-industry, best practice for asset management and takes
a holistic approach that encompasses traditional considerations associated with the value chain for managing
assets alongside life cycle planning, asset financial / operational performance, and risk profiling. The 1ISO
55000 provisions will comprise the backbone of NYPA’s asset management approach and will be
complemented by projects that effectively encompass people, process, technology and data considerations.

The vision for asset management at NYPA comprises three major phases. The first is foundational and focuses
on ensuring the key tenets of a strong asset management approach are in place including accurate data, a
defined organizational structure and responsibilities, skilled resources and enhanced awareness of asset
management across the organization. From this foundation, the approach will be optimized and eventually
transformed to allow NYPA to become a best-in-class asset management organization which is able to
effectively ‘plug and play’ new assets into the approach. It will take time to move to this vision but, where
NYPA is able to do this, it will place NYPA in a strong position to continue to efficiently operate and maintain
its assets even where new challenges arise.

To effectively attain the outcomes envisaged under foundation, optimization and transformation the
following four work streams are being proposed as part of this initiative.

e The first focuses on the establishment of a clear framework of governance for the initiative including
a Strategic Asset Management Plan (SAMP) and organizational structure that clearly defines
objectives of the asset management initiative as well as allocating roles and responsibilities.

e The second focuses on the development of a set of consistent practices to govern asset
management at NYPA. This specifically involves a work stream incorporating the delivery of an
optimized maintenance program as well as considerations of risk within all asset management
decisions.

e The third focuses on securing robust data and analysis to support asset management decisions. This
will require the establishment of asset management systems with accurate and easily accessible
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data as well as a health center that supports effective monitoring and diagnostics. It will be
supported by Key Performance Indicators (KPIs) to monitor asset performance and the asset
management initiative.

o The fourth focuses on establishing a world class research and development laboratory for applied
research and testing for high voltage (HV) assets to enable NYPA to take a leading role in HV
innovation that will help to minimize degradation and optimizes asset life.

Figure 1 below provides an overview of the way these projects will fit together.

Figure 1: Overview of the projects that comprise the asset management initiative

Work stream 1: Asset Management governance

Strategic Asset Management plan (SAMP) consolidating An organization review to identify required competencies,
the overall approach to asset management and establish roles and responsibilities

Work stream 2 Work stream 3 Work stream 4
Asset Management Practices Robust Data and Analysis Cutting-edge Research

Operational Practices Big Data
Establishing leading-edge asset Ensuring asset management data is
management procedures easily accessible and accurate
High Voltage (HV) Lab
Maintenance Optimization Asset Health Center
Adopting a best practice approach to Data analytics to provide insights on
asset maintenance assel condition and investment needs

Alab focused on
understanding failure modes
and ways to increase the life

cycles of assets

Risk Performance Regime
Incorporating risk considerations into Developing key Performance Indicators
all asset management decisions to support system monitonng

The long term goal of this asset management strategic initiative is to enable and maintain a flexible process
that will allow NYPA to readily adapt to the future, changing operating world. This flexible process will allow
NYPA to continue to manage existing assets, have a framework in place for new assets, and will enable the
potential expansion of NYPA’s role of asset management with its customers through additional customer
services and enhanced energy services projects. With a strong asset management process in place, NYPA can
ensure optimal condition of its assets and resources so as to support reliable, flexible, and efficient
generation and transmission of low cost energy.

This is the ideal time for NYPA to undertake an initiative and invest in its asset management processes as
NYPA is currently involved with several in-flight projects. These projects include, but are not limited to, Life
Extension and Modernization Programs (Generation and Transmission), major equipment overhauls, System
Hardening and Storm Resiliency, and various Data Collection and Analysis Projects currently being worked on
by Research and Technological Development such as infrared monitoring, dynamic rating of transmission
lines and development of expert systems.

To ensure the success of this initiative as well as the other strategic initiatives being evaluated, the
dependencies from and on one another must be clearly understood.
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=  The Smart Grid and Transmission Initiative that includes the modernization of the transmission grid and
the development and implementation of Smart Grid technologies, is complemented by the asset
management process. New equipment that will be required to modernize the grid would be new NYPA
assets and, as such, will be operated and maintained under the auspices of the asset management
initiative. Additional data will also be attained with respect to the operation of G&T assets which will help
to inform decisions about asset investment.

= There are clear interdependencies with the workforce planning initiative which is developing processes
to support identification of skills and capabilities needed across the organization and will help asset
management to identify and recruit additional staff to support the initiative.

= There will be close interactions with the Process Efficiency initiative, the main goal of which is to combine
or enhance ongoing efforts to standardize and formalize business process functions across all business
units, to ensure that NYPA remains a sustainable, efficient, and flexible organization.

= Knowledge Management will also interact with asset management as the skills and capabilities to
maintain assets will need to maintain pace with changing responsibilities and new technologies.

=  There may be some interactions with the customer solutions initiative where new assets are deployed at
customer sites and the asset management approach is extended to these facilities.

High Level Timeline

Figure 2 below presents a high level timeline for the initiative; illustrating the four work streams that
comprise the asset management initiative and the way that these will be implemented over time.

Figure 2: High level timeline for the asset management initiative

Strategic asset Periodic updates over time
mgmt. plan Document setting out the objectives, scope, mission and vision for asset management at NYPA
Organizational

structure Structure of roles and responsibilities across the asset management organization and required training
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Operational » Implementation, evolution and improvement over time
practices Codifying knowledge about procedures across operations, engineering, procurement and warehousing

Maintenance Implementation, evolution and improvement over time
optimization Establishment of maintenance programs based on effective use of data and analysis

ASSET MGMT.
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Risk Implementation, evolution and improvement over time
Approach to the application of risk to decision-making in asset management
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Benefits for New York State (for a detailed breakdown of benefits, see table in Benefits section)

The revised asset management approach proposed through this initiative will support greater understanding
of and visibility around the condition of G&T assets installed on NYPA's system. An improved understanding
of system condition will, in turn, support the delivery of a range of both qualitative and quantitative benefits.
The quantitative benefits will be linked to:
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=  Areduction in maintenance costs as a result of predictive analytics and maintenance.
= Arationalized asset inventory which will reduce warehousing needs and associated costs.
= Reduced asset failures which will improve fixed asset utilization.

There are also a number of qualitative benefits that it is not possible to fully quantify including improved
workplace condition, enhanced sustainability, increased financial control and improved customer
satisfaction. However, the costs of implementing the initiative are not insubstantial and therefore the
benefits attained need to be considered in the context of the costs incurred. The team has calculated a range
of benefits using benchmarking figures that reflect the experience of over 20 utilities in the application of an

asset management approaches that are aligned to the principles of ISO 55000.

Figure 3: Initiative Cost-Benefit Analysis 2014-2020

2014-2020 Benefit-Cost Ratio: 0.53
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Figure 4: Initiative Cost-Benefit Analysis 2014-2025

2014-2025 Benefit-Cost Ratio: 1.72
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Although over the shorter term (2014-2020) the cost-benefit ratio is negative this is largely due to the fact
that benefits from the initiative will not immediately accrue. In this respect, benefits will only accrue once the
suite of asset management projects proposed as part of this initiative has been fully implemented starting
from 2018. Even from this point, the cost-benefit analysis presented below assumes that benefits will take
time to ramp up; with 25% of overall benefits accruing in 2018, 50% in 2019 and 100% of potential benefits
from 2024 onwards. The stepped release of benefits is largely aligned to NYPA's current 10 year asset
management maintenance cycle. Even using these conservative assumptions, over the longer term there are
clear financial benefits associated with implementation of the initiative; demonstrated by a cost-benefit ratio
of 1.72. When coupled with the qualitative benefits identified above, as well as the understanding that this
initiative will provide a strong foundation for the implementation of the remaining elements of the Strategic
Vision, this provides a clear rationale for implementation of the initiative. The initiative will start in late 2014
/ early 2105 with the development of an Asset Management Framework. It is then expected that the
remaining six projects will kick off in 2015 and 2016, depending on agreed phasing as outlined during the
framework project. Like any major transformation program, the Asset Management initiative will not
necessarily deliver material benefits as soon as implementation commences. Based on benchmarking and
historical examples, it is expected that benefits will start to be delivered somewhere between years three
and four of the initiative — in this case from 2018 onwards. These benefits will be staggered based on the
degree of asset management maturity exhibited by the business, achieving expected levels from
approximately 2022 onwards.

Risk of the Initiative

As with any project or initiative there are risks associated with the delivery of benefits envisioned as part of
the asset management initiative. It is important that the asset management organization has clarity regarding
the main risks that could arise with respect to the delivery of benefits under this initiative and that they have
in place mitigating plans to (a) reduce the risk of these outcomes occurring and (b) reduce the impact these
risks would have if they were to emerge. The following list provides an overview of the key high level risks
associated with this initiative and the actions that will be taken to mitigate the probability and impact.

e Cultural change: This initiative will require significant cultural change across NYPA and particularly in
the Operations department in terms of the approach that is taken to asset management. If staff
have difficulty understanding the need to change their approach to asset management or are unable
to embed changes within their day-to-day working lives, this will significantly deplete the benefits
that could be attained from the initiative. To address this risk, it will be critical to effectively engage
with key staff across the organization from the outset of the initiative and on an ongoing basis. This
will be complemented by an extensive program of change management to demonstrate the case for
change and the benefits that will be attained from the initiative. It will also provide opportunities for
staff to influence the direction of the initiative.

e Resourcing: For this initiative to be a success, it will be critical to recruit staff with the required skills
and competencies to support asset management on an ongoing basis which could be challenging
given the demand for and availability of these types of skills in the market. This underscores the
importance of commencing the organizational assessment early to identify skills and capabilities
required to support the initiative and implementing a strategy to secure these staff. A targeted
program of training will complement these activities by addressing any skills gaps that may still
remain.

e Perception of benefit accrual: It may take time for benefits from the initiative to accrue and this
could lead to questions about the credibility of the initiative. To address this, it will be critical to take
forward active engagement with internal and external stakeholders to manage their expectations on
this. The use and regular reporting of KPIs will also provide regular updates on the status of the
initiative.

Strategic Initiative Business Plan for Asset Management 7



STRATEGIC RATIONALE

Business Strategy and Rationale

The management of generation and transmission (G&T) assets has been an integral element of NYPA’s
operational model for many years. NYPA’s focus on the efficient operation and maintenance of G&T assets
has helped to secure the delivery of low cost, clean, reliable power to customers. However, transformational
changes that are taking place in the energy industry will require a different operating model that moves NYPA
from simply managing assets to a proactive asset management organization so as to ensure NYPA continues

to provide these benefits to customers.

As Figure 5 illustrates, there are a combination of factors that are changing the demands on NYPA's G&T
assets. Greater diversity in the fuel mix, including a higher penetration of distributed generation, requires
more cyclic operation of NYPA's generation assets which has led to changing, and in some cases increased

Figure 5: Drivers of the asset management initiative
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places additional demands on transmission
infrastructure which may change the
maintenance needs of NYPA’s geographically
distributed system.

These challenges are compounded by
changing customer consumption. A range of
drivers, including cost, sustainability and
reliability, are raising customer awareness
and engagement on energy issues which has
led to an increase in the range of services
offered in areas such as energy efficiency,
demand response and on-site generation.
These new services are contributing to
increasingly complex consumption patterns
and two-way energy flows that place new
demands on G&T assets. Customer
expectations for system reliability continue
to increase and, while NYPA has an
impeccable reliability record, recent events
such as Hurricanes Sandy and Irene, show
that NYPA must be increasingly mindful of

the risks that more severe weather events pose to the health and reliability of its assets. Reliability risks also
arise as a result of cyber security issues and both of these impacts need to be considered as part of the

design of any asset management approach.

Market conditions could complicate the asset management landscape further still. For example, NYS utilities
may adopt a collaborative approach toward asset investment such as the Transco initiative which focuses on
greater operational coordination. In addition, as NYPA becomes increasingly customer-focused and more
assets are deployed at customer facilities, NYPA may have to assume a greater role in managing demand-side
assets. NYPA is also accountable to external regulatory authorities and standards in a number of areas, from
reliability to cybersecurity to environmental impact which are likely to continue to evolve.

In addition to the external drivers illustrated in Figure 5 a significant internal driver of this initiative is the
aging profile of NYPA’s G&T assets. The age and condition of NYPA infrastructure has contributed to a
number of recent asset failures that have caused unplanned outages on the NYPA system. This includes
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failures of the Blenheim-Gilboa Unit 2 Generator Step-Up (GSU) Transformer, the Hellgate 1 GSU, the Harlem
River 1 GSU, the Niagara transformer bushing and the turbine rotor at St Lawrence. These incidents suggest
that significant investment will be needed either in the form of maintenance or replacement of assets to
modernize the network. NYPA has spent $2million over the last three years on these unplanned equipment
failures. Therefore, transforming the way assets are managed will hopefully prevent these kinds of failures in
the future while both delivering cost and reliability benefits to NYPA and its customers.

Work in this area has already begun with the transmission and generation Life Extension and Modernization
(LEM) programs as well as other large investment projects. However, it is not only aging assets that can
experience failure. Some assets simply fail before they should and therefore any asset management
approach must provide clear understanding of the health of NYPA's overall portfolio of assets, to ensure that
there is visibility surrounding the location and scale of investment that will deliver the most value. The
potential for asset failure during all stages of the asset life cycle also underscores the need to establish
effective disaster recovery programs, particularly for new assets such as the proposed, new asset health
center.

All of these issues are set within the context that NYPA must provide clarity around its decisions to a number
of external stakeholders, including its customers, the NYS government, Public Service Commission, and
citizens of NYS, who want to ensure value for money in the delivery of power and energy services. This

creates challenges for NYPA in demonstrating that investment into the management of its assets is both

economic and efficient.

Given the revolution taking place in the market and the new demands this will create for G&T assets, it is
essential that NYPA establish an enterprise-wide, consistently applied, data-led asset management approach.
This will support a holistic understanding of NYPA's portfolio of assets and provide visibility on investment
and maintenance needs thereby reducing forced downtime. It will also secure alignment and compliance
with new and emerging industry standards. This will also ensure that NYPA’s approach to asset management
is flexible enough to maintain continued, strong operational performance in an uncertain future.

Table 1: Alignment with strategic goals

Financial Effectiveness:
Maximizing the financial
capacity of NYPA to make
capital investments that
help achieve NYPA goals

Positive - high

Operational Effectiveness:
Maximize the efficiency,
reliability and flexibility of
NYPA assets and
organization

Positive — high

Value From Energy:
Maximizing the benefit /
minimizing the negative
impact of each unit of
energy delivered to the
state / customer

Positive — high

T d D f
Strategic goal . Ul L R Description of impact
impact

An asset management approach that utilizes consistent processes
and accurate data to assess the health of assets will optimize asset
investment. The greater utilization of asset management metrics
and dashboards will improve transparency around the
effectiveness of NYPA capital and operating (O&M) spending.
Improved transparency about the health of assets will support
preventative / predictive maintenance programs that will lead to
maintenance optimization, reduce the potential for asset failure
and will improve G&T reliability. A structured asset management
organization with consistent practices and defined roles and
responsibilities will also improve organizational and operational
flexibility.

As the initiative becomes increasingly mature, NYPA will be able to
reach more informed decisions about investment in and
maintenance of its assets. In turn, this will allow NYPA to provide
long term rate stability to customers through a consistent and well
defined capital and O&M investment strategy.
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Table 2: Alignment with key values

Values
Sustainability

\ Degree of impact
Positive — medium

Description of impact

A better understanding of the maintenance and investment needs of NYPA
assets will ensure continued operation of G&T assets at the most economic
cost and minimized environmental impact.

Safety Positive — high Effective asset management will reduce the potential for asset failure and have
a corresponding positive impact on safety
Compliance Positive — medium Clear consistent asset management practices will ensure an agreed process is

adopted and reduce the potential for non-compliance. However, consideration
needs to be given to compliance with the National Electric Reliability
Corporation in the context of the greater collection, communication and
storage of asset data and analysis. More effectively, organized and stored
information and clear processes may streamline compliance and reporting
efforts.

Environmental
responsibility

Positive — low

Establishment of a dedicated HV and / or HC research lab and the health center
will support NYPA in identifying more efficient and environmentally responsible
approaches to asset operation. The improved reliability of assets will also
reduce the potential for asset failure and thereby reduce the possibility of
corresponding environmental impacts.

Employee
Development

Positive — high

The establishment of an asset management organization with defined roles and
responsibilities and a formal training curriculum will provide opportunities for
employee development and assist in knowledge capture and transfer.

NYS energy plan

Positive — medium

A clear and universally adopted asset management program is a foundation for
the continued provision of low cost, reliable power to customers in NYS.

Description of Legal Authority

Maintenance of NYPA’s physical assets is a key component to achieving NYPA’s mission of providing clean,
low-cost and reliable energy consistent. NYPA's broad grant of authority in this area is derived from the
state's policy declaration of "the need for obtaining and maintaining a continuous and adequate supply of
dependable electric power", Public Authorities Law (PAL) Section 1001. The state's grant of powers and
duties to NYPA are set forth in PAL Sec. 1005, which includes many references to the maintenance and
management of generation and transmission assets.
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INITIATIVE OVERVIEW
Description of the Opportunity

Much of NYPA’s G&T infrastructure dates to the 1950s. These assets are aging and their effective
management is an integral element of NYPA’s day-to-day operation. Focus in this area has been increased as
a result of the implementation of the Transmission Life Extension and Modernization (TLEM) and Lewiston
Pump Generating Plant (LPGP) programs which are specifically targeted to repairing and rebuilding some of
NYPA’s aging transmission and generation assets to extend their lifetimes. Investment under the LEMs and
the future replacement / upgrade programs could be significantly optimized where NYPA implements a
process-based asset management approach that enables NYPA to attain a better understanding of the health
of its assets in place on the system, and target investment where it will add the most value.

At NYPA, the approach toward managing assets has gradually evolved in a piecemeal manner and therefore
key elements are not consistent. For example, processes for managing assets vary by geography and on a
site-by-site basis leading to differences across NYPA in maintenance and operational planning methods.
Linked to this, there are challenges to the adoption of a consistent approach for assessing asset condition and
making informed asset investment decisions which reduce transparency about respective maintenance
requirements of assets across the system. In addition, asset databases are not uniformly used across NYPA
and differences in interpretation of data fields has led to inaccuracies with the data collected in these
systems. Both of these constraints on current data availability reduce the opportunities for NYPA to move
toward an approach that supports predictive decision-making with respect to the maintenance of assets.
Combined, all of these factors are leading to difficulties in developing and implementing objective, robust
cases for investment decisions about the management of existing assets.

Adopting an asset management approach that is consistently applied on an enterprise-wide basis will help to
address many of these issues. The establishment of a suite of asset management processes built on existing
practices, which are universally applied and consistently understood, will ensure asset-related decisions are
based on a uniform and justifiable set of criteria. This will be complemented by improvements in the
availability and accuracy of asset management data that supports targeted analysis to provide improved
visibility with respect to the assets that are currently in place. Greater understanding of NYPA assets will
enable decisions to be made based on key indicators of asset health related to performance, risk and value as
well as cost. In addition, clarity regarding respective roles and responsibilities across the asset management
organization will ensure there is accountability for key activities and efficiency in the way these key tasks are
completed. Each of these components of the approach will be refined over time to help NYPA move toward a
culture of continuous improvement with respect to asset management.

By establishing an approach that builds on all of these components and aligns to internationally recognized
standards, NYPA will be well positioned to become a best-in-class asset management organization. This best
practice-based approach will provide a robust foundation for the transformation of NYPA as envisioned in the
NYPA strategic vision. It will ensure that NYPA has full visibility for the investment needs of its assets and
allow informed decisions so as to ensure they are effectively maintained. In turn, this will ensure the
continued reliable operation of NYPA infrastructure which will support full roll out of the Smart G&T initiative
as well as the expansion of services to customers under the customer solutions initiative.

A key challenge to the effective implementation of an approach such as this is to effectively embed the
cultural change required to support full adoption of the approach. This will require a full and effective top-
down change management approach that focuses on communicating the changes that are taking place from
the outset of implementing the new structure.
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Initiative Vision (Desired Outcome)

The primary objective of this initiative is to implement an enterprise-wide asset management program that
monitors and maintains NYPA assets and enables informed investment decisions to be made based on
performance, risk, cost and value to customers. Given the uncertainty around the way that generation and
consumption patterns will evolve as well as the impact this could have on NYPA's G&T assets, the program
will need to have sufficient flexibility to accommodate a range of future operating environments.

It will take time to establish a fully functional program that transforms asset management at NYPA and
positions the organization as an industry leader in this area. To navigate the process toward transformation
of NYPA’s asset management approach this initiative has been separated into three distinct phases with
targeted outcomes related to each phase. This phased process is illustrated below in Figure 6 and discussed
in more detail in the following section.

Figure 6: Vision for the asset management initiative
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* Foundation (2015-2018): The foundation phase will implement the key building blocks from which the
initiative will be constructed and is arguably the most important stage of the initiative. In the absence of
robust foundations, it will be difficult to attain asset management excellence. The key outcome for this
stage will be establishment of a strategic enterprise-wide asset management approach aligned to
recognized industry standards that supports consistent practices at all stages of the asset management
life-cycle. The approach will be supported by accurate, accessible data to enable informed, cost effective
decisions and support robust rate case filings. The asset management organization will be comprised of
skilled resources and have defined roles to support effective delivery, helping to increase awareness and
integration of asset management processes across NYPA. Asset management considerations will be an
integral part of decisions that are made across NYPA.

=  Optimization (2018-2020): The optimization phase represents an opportunity to consolidate NYPA
progress during foundation. During this phase, NYPA will become fully compliant with internationally
recognized asset management standards and its approach will evolve to represent best practice within
the industry. There will be full clarity about the ‘health’ of critical assets which will translate into a
targeted maintenance approach that helps to optimize asset life and costs by predicting maintenance
needs given the performance of assets over time and their risk profile. Awareness of asset management
practices will be high and continually reinforced, at all levels of the organization which will facilitate a full
assessment of the potential to extend the approach to more complex assets across NYPA. Data will be
used predictively to reach decisions on maintenance activities and asset replacement.

=  Transformation (2020-2025): During the final phase of the initiative, the transformation of NYPA’s asset
management function will be demonstrated via the optimization of asset costs, performance, risk and
value. NYPA will have adopted a culture of continuous improvement and flexibility and assumed the
position of industry leader in the application of internationally recognized asset management standards.
Other utilities will look to NYPA for best-in-class guidance in this area. All employees across the
organization will actively apply asset management principles and will be able to integrate new assets
within the approach via ‘plug and play’ provisions.

Critical to the delivery of desired outcomes during each of these phases is the ability to support effective
cultural change within the organization. This includes the need for effective communication to ensure that
employees at all levels across NYPA understand the new asset management approach and effectively adopt
its provisions in their day-to-day working lives. Effectively implementing this cultural change is a key
challenge for the initiative and one that should be met head on with targeted training and change
management initiatives.

Initiative Scope

NYPA is proposing to develop and implement an approach aligned to the provisions of the internationally
recognized asset management standards International Standards Organization (ISO) 55000. The ISO 55000
standards provide guidelines for cross-industry, best practice for asset management and takes a holistic
approach that encompasses traditional considerations associated with the value chain for managing assets
alongside life cycle planning, asset financial / operational performance, and risk profiling. The ISO 55000
provisions will comprise the backbone of the asset management approach and will be complemented by
projects that effectively encompass people, process, technology and data considerations.

There are six key decision processes that fall within the ISO 55000 framework and these will form the scope
of the asset management initiative.
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= Life cycle strategy: Relates to the whole lifecycle from planning / designing an asset through to its
ultimate retirement. Incorporates considerations of capacity planning, asset replacement strategies and
optimal asset life cycle ownership costs.

= Investment management: Relates to the risk-based approach used to effectively secure value from
capital spending. Includes issues around investment cost benefit and value analysis, spending
optimization, budget forecasting integration as well as performance monitoring and corrective action.

=  Maintenance optimization: Relates to the targeting of spending to support continued economic and
effective operation of assets. It includes issues around risk profile development and analysis, asset
performance monitoring and repair / replacement strategies.

= Standards: Relates to the agreed principles that guide decisions about asset management. This includes
planning criteria, design standards, construction specifications and material specification.

=  Resourcing strategy: Relates to the approach that is taken to secure the staff to support deployment of
the asset management approach. Includes core skills and competencies definition, retention strategies,
internal / external resource balancing and contracting mechanism decisions.

=  Performance management: Relates to the development and implementation of key metrics that provide
insight about how well assets are operating. Includes considerations of reliability, asset performance,
process efficiencies and asset management system improvement.

The scope of the initiative will also include the development of a Strategic Asset Management Program
(SAMP) that will be implemented to support alignment with ISO 55000. Development of the SAMP will be the
first step that the team will take in the roll out of this strategic asset management approach. The focus of this
work will be to establish a documented SAMP that defines the asset management objectives and scope
including how these relate to corporate objectives and the approach toward stakeholder engagement. The
SAMP will be governed by a number of key principles that run through the NYPA strategy including risk
mitigation, sustainability and safety. The SAMP will provide guidance to the completion of an ISO 55000
assessment which will demonstrate the strengths and weaknesses of NYPA’s current asset management
approach and indicate those areas that need to be prioritized to meet the transformational vision NYPA has
set out. In turn, this will help NYPA to further develop the scope of the asset management projects presented
within this business plan. An overview of asset management and this initiative will be provided to senior
management to support a top-down infiltration into the organization.

Application of the Initiative

Another factor determining the scope of the initiative is the classes of assets to which the initiative will be
applied. Figure 7 illustrates the proposed approach to the application of the initiative.

The scope of the initiative will initially remain focused on the G&T infrastructure that has traditionally been
incorporated within NYPA’s asset management approach e.g. transmission lines, substations and generation
assets. However, as the initiative evolves consideration will be given to potentially extending the approach to
new classes of assets including the NYPA fleet e.g. pool cars, field vehicles, marine vessels, airplane, etc.
Additionally, toward the end of the foundation phase, an assessment will be completed to determine
whether the approach should also be extended to data, communications, monitoring and control assets.

As the transformation phase approaches, greater consideration will be given to the potential of further
extending the approach to non-traditional assets such as real estate, customer assets, financial assets and
office IT; the latter will complement application of the approach to operations IT systems during
optimization. Decisions about the assets to be included during transformation will be made once there is
greater clarity about the benefits that could be attained from application of the enterprise-wide asset
management approach to G&T infrastructure and there is a better understanding of the impact that this type
of approach could have on new classes of assets. However, the initiative is being developed cognizant of the
need to maintain flexibility in the approach so as not to preclude its extension to new assets in the future.
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Figure 7: Application of the initiative to asset classes
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Consequence of Maintaining Status Quo

The approach toward managing assets currently employed at NYPA has helped to ensure continued efficient
operation of NYPA’s G&T assets but there is significant room for improvement by utilizing advanced
diagnostics and predictive techniques that are becoming increasingly wide-spread across various industries. A
number of existing projects have been initiated to improve the management of assets at NYPA including the
Maximo system upgrade and the Transmission and LPGP LEM programs. However, while these efforts will
position NYPA to more effectively manage assets into the future, they do not take a strategic approach and
as a result are not fully enabling a transition from a reactive to a proactive asset management approach. They
comprise just part of the wider solution required to move NYPA toward the position of a best practice asset
management organization.

Under the status quo NYPA would continue to deliver secure, clean, reliable power to customers across NYS
but it may not be possible to optimize asset management costs and therefore support the effective delivery
of low cost power. A variety of factors contribute to this:

=  Consistency of processes: There are differences in the approach to managing assets across sites at NYPA
and across each stage of the asset life cycle. While there is some consideration of risk and asset criticality
within existing investment and maintenance decisions, it is not formalized and therefore is not treated in
the same way by all groups. This leads to inconsistencies in analyzing options related to the management
of assets and could mean resulting decisions do not maximize value from investment.

= Data availability and integrity: Data related to asset condition and performance is critical to making
informed decisions about required investment in the future. NYPA presently has access to significant
amounts of asset data, but there is limited clarity across the business about what data is available as well
as concerns about the integrity of the data currently in place. In some cases even though data is collected
it is not used to the fullest extent to make effective asset management decisions. Additionally, multiple
systems are sometimes used to collect similar types of data, which may lead to suboptimal decisions as a
result of reduced transparency about asset health and investment needs. Without accessible and
accurate data, and an enterprise-wide approach that values and incorporates it, NYPA cannot implement
predictive analytical approaches to leverage ongoing deployment of smart sensors and analytical tools
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and will continue to experience problems of stranded research and investment in such systems.
Responsibility for data needs to be clarified and formalized.

= Resources and governance: At present, resources for managing assets at NYPA are constrained and there
are difficulties in securing staff with required asset management expertise. In addition, there is no formal
governance structure in place in the form of designated roles and responsibilities that clearly indicate
where accountability for given activities, assets or data lies. This creates challenges for the
implementation of an effective asset management approach as well as a lack of clarity about who has
responsibility for the approach.

As the industry revolutionizes and the demands on NYPA’s G&T assets change, these issues will only be
exacerbated. The asset management approach will need to be flexible to emerging generation and
consumption patterns, providing transparency, through the use of metrics, on system performance and asset
health to support the delivery of required upgrades to those assets that are critical to continued reliable
power supplies. In the absence of this flexibility, long term costs associated with the management of NYPA
assets will most likely be higher and these costs will ultimately be passed onto NYPA customers.

Considered Alternatives

The key alternative that has been considered is to continue the current maintenance management practices
at NYPA. However, as NYPA assets age, operating conditions change and new technologies emerge, it is
critical to deploy an enterprise-wide asset management approach that provides visibility on the health of the
assets deployed on the system to support an informed investment strategy. No alternative asset
management approaches were considered as part of this initiative given that ISO 55000 is an internationally
recognized standard for asset management and many utilities are in the process of aligning their approach to
the requirements of this standard.
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SOLUTION

Proposed Solution

Through this initiative, NYPA is proposing to implement an enterprise-wide asset management approach that
draws heavily upon the principles of life cycle planning, asset financial / operational performance, and risk
profiling embodied within the internationally recognized ISO 55000 standards. While some spending is
required under this initiative, the primary focus of the initiative is to develop a clear, cohesive strategic
program that will ensure the consistent application of data, processes and resources to make sound asset
management decisions that will deliver financial and non-financial benefits.

The transition to an approach aligned to the ISO 55000 standards requires a clear understanding of current
NYPA capabilities in this area as compared with the capabilities required to deliver the asset management
vision set out in this document. Performing such an assessment, will allow gaps in current capabilities to be
identified and enable the team to prioritize the work needed to establish the foundations of a best-practice
asset management organization that is aligned to ISO 55000. To understand, at a high level, the differences
between current NYPA capabilities as compared with ISO 55000 requirements, the team developed a matrix
to compare each of the six key decision processes outlined within 1ISO 55000 against key structural indicators
related to process, data, systems and people. The resulting heat map that was produced is illustrated in
Figure 8 below.

Figure 8: Current and future state gap analysis
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The heat map represented above in Figure 6 illustrates that there are currently some large gaps in NYPA's
current capabilities and that a targeted program of work will be required to establish a strong asset
management foundation that is aligned to the provisions of ISO 55000 and comprises the following elements:

= Asset management governance: This work stream comprises two key elements. The first is the
establishment of a SAMP which will effectively govern asset management at NYPA and support the
transition to I1SO 55000. The second is the implementation of a supporting governance structure for the
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asset management organization. This will require an assessment of workforce needs now and in the
future and the establishment of an organizational structure to provide clarity about asset management
roles and responsibilities.

= Asset management practices: This work stream will focus upon establishing and securing the adoption of
practices that support leading-edge asset management, with a specific focus on optimizing maintenance
procedures and incorporating considerations of risk into decision-making.

= Robust data and analysis: Accurate data is a critical input required to make decisions at all stages of the
asset life cycle and this work stream will focus on ensuring data is both easily accessible and accurate. It
will be complemented by an asset health center that will carry out data analytics to provide insights on
asset condition and investment needs on both a routine and emergent basis. Performance metrics will
also be established to support ongoing system monitoring for making decisions about where additional
spending may be required.

=  Cutting-edge research: Revolution in the power industry is leading to developments in technology and
improved understanding of the hardware and software that will optimize asset life. This work stream will
support further progress in technology development through the establishment of a High Voltage (HV)
lab focused on understanding failure modes and ways to increase the life cycles of assets. At present,
there are a limited number of labs that are performing this function. This work stream will also deliver
benefits to NYS as a result of the dissemination of findings from the lab to other utilities.

Figure 9 below presents the roadmap of projects that are being proposed alongside the existing efforts being
taken forward in asset management.

Figure 9: Asset management roadmap
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This figure illustrates the timeframes associated with the implementation of the four work streams and eight
corresponding projects that comprise the asset management initiative as well as the way that these work
streams compare to the existing projects that are being taken forward by the asset management group.
Consideration will also need to be given to the interactions between the asset management initiative and the
other strategic initiatives that are being progressed to deliver in line with the expectations set out in the
Strategic Vision 2014. These are discussed in more detail in the dependencies section.

The following sections of this business plan provide more detail regarding the asset management projects
that NYPA is proposing as part of this initiative.

WORK STREAM 1: Asset management governance

Critical to the implementation of the asset management initiative is a strong governance framework that
provides clarity with respect to the drivers and objectives of the program as well as the roles and
responsibilities of the respective members of the asset management organization.

A key tool in providing a clear, universally understood governance structure is the SAMP which consolidates
the overall approach to asset management. This document will not only ensure that all members of the asset
management organization understand and are brought into the approach but will also provide transparency
to the rest of NYPA about the context for and objectives of the asset management program. The SAMP will
comprise the following elements.

= The overarching approach to asset management: Includes a definition of NYPA corporate objectives and
how these specifically translate into the need for a strategic asset management approach. It will also
reference the policy statement for asset management as well as the scope and objectives of the asset
management program.

= Stakeholder management: Includes a definition of the stakeholders that will be affected by the asset
management system, their expectations and the method that will be used to engage them.

= A gap analysis: This will be used to determine what the mismatch or gaps are and where they exist. This
analysis will be used as input for senior management review and also used for continuous improvement
of asset management.

= Asset Management plans: Includes an asset management roadmap setting out activities that will be
implemented and resources that will be applied to support delivery against the defined objectives.

The overarching asset management plan presented in the SAMP will provide reference to the projects that
will be taken forward to support the foundations of the revised NYPA asset management approach. From
this, it will be possible to further refine the scope and detail of the asset management projects detailed in this
business plan.

Developing and agreeing on the SAMP will be the first step to progress the asset management initiative
following NYPA Board of Trustees approval. It will be a critical tool to provide overall guidance to the
development of the program and to inform the direction of the asset management projects outlined in this
business plan. Developing an integrated strategic planning framework and associated processes will ensure
that NYPA adopts a consistent approach to developing work initiatives and costs across different asset groups
to a level of rigor appropriate to the criticality of the different asset types.

The SAMP will provide an overarching framework within which the asset management organization, including
respective roles and responsibilities. The transition to an asset management organization that operates in
line with the principles of 1ISO 55000 will only be fully successful where there is clarity about respective roles,
responsibilities and accountabilities across both the asset management organization and NYPA more broadly.
To achieve this outcome, the team will complete a review of the asset management organization and
determine the organizational structure required to achieve NYPA's asset management goals, clearly defining
key roles and associated responsibilities. The effective completion of this organizational review will take into
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account the proposed activities to be carried out in each of the other asset management work streams and
bring together a coordinated view in terms of resources, skills and capabilities needed to secure delivery in
line with the agreed vision. A critical consideration within the design of the organization will be to secure
flexibility across the asset management organization to build in the capability to adapt to emerging
conditions and continue to effectively deliver in line with the asset management vision. There are clear
linkages between this work stream and the focus of the workforce planning strategic initiative which are
discussed in more detail in the dependencies section.

Table 3 below provides an overview of the scope for each of the activities that will be completed under this
work stream and the expected benefits that will be attained.

Table 3: Focus of assessment and expected results from the asset management governance work stream

Project Areas for assessment Expected benefits / results

=  QObjectives, mission, vision and goals =  Full understanding across NYPA about

of asset management at NYPA the objectives of the asset management
=  Guiding principles for asset initiative / organization
SAMP management at NYPA = A governance approach that is grounded
= Assessment of strengths and in clear defensible guiding principles
weaknesses compared to ISO 55000 = A prioritized approach to implementing
= Roadmap for implementation of the the asset management projects based on
asset management projects current strengths and weaknesses

= Current and future role requirements

= Capability needs now and in the = (Clarity about where accountability for
future the delivery of key outcomes lies
R = Assessment of current skills and = Understanding of current and future
Organization e
I capabilities resource needs and a strategy for
=  Asset management training needs delivery
=  Formalizing roles and responsibilities =  Flexibility in the asset management
= Linking of roles to the performance organization and resourcing

progress reports (PPRs)

When this work stream is fully and effectively delivered, it will ensure that there is clarity, both within and
outside of the asset management team, about the objectives and guiding principles of the asset management
initiative as well as an understanding of where responsibilities for delivery lies. Combined with an effective
strategy for securing required resources with the necessary skills and capabilities to effectively complete key
tasks, this will support effective delivery of desired outcomes.

As the initiative moves from foundation to optimization and then transformation, the asset management
organization will become increasingly mature with better definition of roles and responsibilities which are
universally understood across NYPA. The link between Personal Performance Reviews (PPRs) and asset
management roles will help to identify potential performance issues and support the development of
improvement plans focused on addressing capability needs. Effective forecasting of skill and capability needs
will support organizational flexibility by allowing NYPA to quickly identify gaps in resourcing and implement
strategies to secure required staff to support key asset management outcomes.

WORK STREAM 2: Asset management practices
Asset management practices include the processes, procedures, job plans and work plans that provide a

blueprint for effectively operating and maintaining assets. Where these are standardized and universally
applied, it will ensure consistency in the approach toward asset management. This work stream will focus on
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establishing a suite of practices that secure consistency in the NYPA asset management approach as well as
helping NYPA make the transition toward the principles of ISO 55000 by optimizing maintenance and
incorporating risk.

Figure 10 below provides an overview of the three projects that comprise this work stream. It illustrates the
clear overlaps between the three projects and highlights the close interactions that will need to be
accommodated in the development and implementation of these projects.

Figure 10: The asset management practices work stream
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As illustrated in Figure 10 a first step in moving toward a set of consistent practices is to understand the
current processes, procedures, job plans and work plans that are in place including an identification of gaps
and inconsistencies across the various NYPA sites. This will allow the team to prioritize a more detailed
assessment of current operational practices. It will also guide the focus of the maintenance optimization and
risk projects. Best practice benchmarking is another key input to all three projects, allowing NYPA to leverage
lessons learned by other utilities to support the development of consistent operational practices that
facilitate the transition to an asset management organization governed by the principles of ISO 55000. At
present there are a significant volume of practices in place in the form of processes, procedures, job plans
and work plans and therefore the process of fully assessing and then unifying these practices will be a
significant undertaking.

Critical to the success of these projects will be ongoing engagement with NYPA staff that have key roles in
developing and applying these practices. This will ensure that the asset management team can draw on the
significant institutional knowledge these individuals have about the practices that are currently deployed. To
ensure that these key stakeholders are engaged and brought into the new approaches that are developed,
they should be regularly consulted about the proposed approach being taken, with their feedback fully
considered and addressed. During phase 3 of the work stream, outlined in Figure 10, engagement will need
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to be extended to a broader group of NYPA staff to ensure there is universal understanding of the approach
that will be taken and that this leads to consistent application. At the end of phase 3, when the revised
practices are fully rolled out, staff will need access to ongoing support about how best to implement the

approach and to answer difficult implementation questions.

While there are significant interactions between the projects and they share a similar overall objective of
developing a suite of asset management practices for which governance, oversight and execution is
consistently applied across NYPA, these are distinct projects with defined areas of focus and desired
outcomes. Table 4 below provides an overview of the individual characteristics of each of these projects
including the areas of focus that they will have and the desired outcomes they will facilitate.

Table 4: Focus of assessment and expected results from the asset management practices work stream

Project

Operational
procedures

Areas for assessment

Current practices related to:

Operations

Maintenance

Engineering

Configuration management
Procurement and
Warehousing and materials

Expected benefits / results

Codified knowledge about NYPA
practices within NYPA documentation
Full and universal understanding of
NYPA practices

Consistent application of the practices
across all NYPA sites

Maintenance
optimization

Potential to move from frequency-
based to condition / predictive
maintenance

Use of real-time data to support
predictive, risk-based maintenance
Use of Failure Mode Effects Analysis
to support maintenance prioritization
Approaches to warehousing /
resourcing

Establishment of an enterprise-wide
maintenance program that is
consistently applied across all NYPA sites
A defensible maintenance strategy in a
heightened compliance environment
Best practice maintenance program that
incorporate considerations of risk
Ongoing safe operation of NYPA assets

Risk

Application of risk to support asset
management decisions, in line with
the ISO 5500 approach
Development of asset risk profiles
Tolerances and thresholds to be
applied to considerations of risk

A clear process to integrate risk into
asset management decisions at all stages
of the asset life cycle

Delivery of improved customer value
using risk based asset management

The combined effect of these projects will be to move NYPA toward the asset management visionary state.

=  During foundation: This work stream will help NYPA to identify gaps in the existing asset management
practices to establish a best practice enterprise-wide approach that incorporates risk and is aligned to
ISO 55000 provisions. The adoption of a standardized suite of asset management practices will support a
consistent approach at all stages of the asset life-cycle that incorporates considerations of risk and
supports the transition toward optimization of NYPA’s maintenance program.

=  During optimization: This work stream will help NYPA transition to a best practice asset management
organization that is fully compliant with ISO 55000 and consistently applied across the organization. A
consistent approach to risk profiling will provide full clarity about asset health and enable a predictive
maintenance program that helps to support increased asset life and optimize investments.

=  During transformation: This work stream will help move NYPA toward a culture of continuous
improvement for asset management practices, incorporating examples of best practice and lessons
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learned from industry leaders. Decisions on investment and maintenance will be based on risk profiles
that support predictive maintenance of assets.

WORK STREAM 3: Robust data and analysis

The foundation of any best practice asset management approach is accurate and reliable data that will
enable sound operational, investment and maintenance decisions. This work stream focuses on assessing the
completeness and accuracy of existing data sources, generating or compiling data where it is not currently
captured, implementing arrangements to support analysis of data needed for investment decisions and
monitoring performance to identify priorities for investment.

The two key elements of the work stream include (1) data and analytics and (2) reporting. An overview of
each of these elements is provided in Figure 11 below.

Figure 11: The robust data and analysis work stream
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The data management project is focused on ensuring that the asset management organization has access to
required information to support informed decisions about investment and maintenance as well as providing
assurances that the data is both accurate and easily accessible. Systems exist throughout NYPA to collect data
on installed equipment and operations. The data management project will build upon ongoing data cleanup
work and involve a full survey of existing systems to ensure that the static and dynamic data they hold is
accurate, complete and available. A range of systems will be included within this survey such as the advanced
acoustic and infrared systems used to monitor transformers as well as process data systems like Pl which are
used at the thermal plants. Accurate data is a key input to making informed decisions about asset
management but it needs to be effectively analyzed and manipulated to provide meaningful direction to the
decisions that are ultimately made.

The asset health center will form the backbone of the analytical infrastructure required to support asset
management. The center will comprise the analytical tools and staff required to interpret data and create
useful recommendations to assist in asset management decision-making. The approach will be modeled on
that of other utilities who have implemented monitoring and diagnostics frameworks in collaboration with
the Electric Power Research Institute (EPRI) and will allow NYPA to develop the analytical capabilities
required to quantify asset health and risk based on real-time and historical information.

Strategic Initiative Business Plan for Asset Management 23



The asset health center will be staffed with personnel that understand the key information needed to
support the ISO 55000 compliant organization including both data and analytics that will provide clarity on
asset investment and maintenance needs. The recruitment and development of staff with the skills and
capabilities to effectively analyze and interpret asset management data will be critical to the success of the
health center. Also critical to the success of the health center will be the selection and customization of
appropriate software to perform the analysis required. As the technology in this space continues to evolve,
health center staff will collaborate closely with equipment manufacturers, EPRI, and other utilities to ensure
that the systems selected and models developed to monitor equipment health remain industry-leading and
enable proactive asset management decision-making.

The teams responsible for data management and the health center will work closely together and have
significant interactions with the other asset management projects to ensure data is available in the required
format to support required decisions. As part of the development of these projects, it will be critical to agree
where responsibility lies for decisions required on the basis of asset management insights attained from the
data analytics. The hardware required to generate data that is not currently being collected will be installed
under the Smart G&T initiative and is expected to include anything from smarter permanent sensors to
robotic inspectors.

The remaining project that comprises this work stream is focused on the development of Key Performance
Indicators (KPIs) that monitor both asset performance and functioning of the asset management initiative.
Insights on the performance of assets as well as the performance of the initiative will help to identify where
additional investment or corrective action may be needed to fully deliver against the asset management
vision. The agreed KPIs will form the basis of a reporting tool that will allow day-to-day decisions to be made
with respect to the management of assets and what, if any, corrective actions may be required. A version of
the reporting tool will also be provided to senior management on a regular basis to keep them informed of
progress with respect to the asset management initiative and the health of assets installed on the network.

The significant volume of additional data that will be captured and analyzed as part of this initiative is likely
to lead to some challenges in terms of data management. To mitigate any potential issues in this area, it will

be critical to establish governance, oversight and execution of activities associated with data management.

Table 5 below provides an overview of the individual characteristics of each of these projects including the
areas of focus that they will have and the desired outcomes they will facilitate.

Table 5: Focus of assessment and expected results from the robust data and analysis work stream

Project Areas for assessment Expected benefits / results
=  G&T data needs now and in the future | = Universal access to key data sources
= System needs for the collection and =  Consistent use of data across NYPA
Data centralization of data = Confidence in the accmfracy F’f d'atz.;\
EREEETaT =  Approach toward data clean up and = Use of data as the basis for justifying
ongoing maintenance of accurate data key asset management decisions
= Governance arrangements for data =  (Clarity about responsibilities in data
collection and storage collection and storage
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Analytical models required to support
asset management practices across the
life cycle

Integration of output information into
asset management practices

Software and hardware needs to

Provision of accurate, timely and
targeted information based on a
variety of real-time and static inputs
Analytic and predictive capabilities
enable proactive planning and
operation

Links between the KPIs and strategic
NYPA metrics

Optimal reporting approach to NYPA
senior management including the
process to flag emerging concerns

Health . . Enhanced visibility of key indicators
support required asset modelling and .
center ) related to system operation
analysis Wy .
. . . Defensible information to support
Scope and timing of a pilot / testing for .
decisions
the health center . . -
. .. Collaboration with research entities,
Staffing / training for the health center . .
. other utilities, and private sector
Areas where NYPA aspirations exceed o .
s . . organizations on the next generation of
the capability of available technologies . -
asset health analytics and indicators
Scope and detail of key performance
indicators (KPIs) related to (a) Insights into the performance of assets
organization and asset performance (b) and the asset management initiative at
performance of the asset management all levels of the organization
initiative and (c) benchmarking of the A clear understanding of how the asset
Performance e )
efine performance of NYPA staff management initiative contributes to

high level strategic metrics

A defined escalation process for any
issues related to implementation and
ongoing operation of the initiative

The combined effect of these projects will be to move NYPA toward the asset management visionary state.
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=  During foundation: The work stream will support the collection of accurate, accessible data to inform
targeted, cost effective decisions for in-scope assets and support robust rate case filings and cost-of-
service. Part of this work will be focused upon continuing the clean-up of existing data sources to provide
confidence in the accuracy and reliability of the data upon which decisions are based. A dedicated asset
management system(s) will support storage of data and software will be secured to facilitate required
modelling / analysis to attain information that helps to direct investment and maintenance decisions.
There will be clarity about performance of assets and the resources required to maintain the assets over
time across all levels of the organization and decisions on corrective action can be made and taken based
on the insights provided by the KPIs.

= During optimization: As the asset management initiative is extended to more complex assets, new data
will be collected and stored within dedicated systems. There will be a high degree of accuracy of data
saved within systems and the culture at NYPA will have shifted toward data-led decision making. The
scope of the health center and the KPIs will also be extended to incorporate modeling and analytics
related to new assets. NYPA will have in place a best practice approach to data analytics that provides
valuable insights to other utilities about how to prioritize investment and maintenance that is applied
consistently across NYPA’s asset base.

=  During transformation: NYPA will periodically consider the potential to extend application of the
initiative to new, innovative assets and will carry out targeted data analytics to understand benefits that
could be attained from this broader application. There will be continued emphasis on securing the
integrity of data and streamlining analytics to ensure the rationale for decisions is easy to explain to
observers e.g. NYPA colleagues and regulators. NYPA will be universally recognized by other utilities as
the model for data capture, analytics and reporting related to asset management, regularly receiving
requests to share lessons learned via presentations at industry events.

WORK STREAM 4: Cutting-edge research

The volume of energy industry innovation has increased markedly in recent years. The increased deployment
of renewable and decentralized generation combined with new patterns of customer consumption is placing
new demands on generation and transmission assets. This has spurred innovation on the asset infrastructure
side to identify ways to better accommodate new forms of generation and patterns of consumption in the
most efficient way. Emerging technology will support ‘smarter’ operation and maintenance of NYPA's assets
to secure cost efficiencies and deliver value for customers. NYPA wants to play a key role in the development
and subsequent deployment of these types of emerging technologies.

This work stream is proposing to establish a world class research and development laboratory that is focused
upon applied research and testing for high voltage (HV) or high current assets. The HV Lab will provide the
ability to understand failure modes and as a result ways to increase the life cycle of our assets. Preliminary
investigations identify that there are very few existing HV facilities that provide this capability and therefore
the work stream will enable NYPA to take a leading role with respect to HV innovation, providing insights on
asset operation that minimizes degradation and optimizes asset life. Establishing a NYPA HV Lab will enable
NYPA to engage in cutting-edge research that will deliver resulting benefits to NYS as well as providing
benefits to colleges and universities across the state.

The focus of lab research would be in the following areas.

=  Condition monitoring of generation, transmission and distribution assets;

= Development of operational models to explore ways of reducing degradation of asset performance or
asset failure; and

= Exploration of the use of solid / liquid electrical insulators and thermal conductors to reduce losses.

The HV lab will allow NYPA to support applied research in these areas, test emerging technologies and
operational models to better understand their applicability to NYPA and evaluate the potential benefits they
could deliver with respect to effective operation and maintenance of NYPA assets. In turn, the results from
this research will help to strengthen investment planning. NYPA will better understand the impact of
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deploying certain technologies and techniques which will support development of more robust business
cases related to new investments that are based on empirical data and analysis attained from testing. The
ability to utilize the results of tests completed by the HV lab will be enhanced by the advanced data and
analytical capabilities that are developed through the work stream on robust data and analysis.
Establishment of a HV lab will also provide indirect benefits to NYS by placing NYPA in a position of leadership
with respect to emerging asset management techniques which, in turn, is likely to lead to job creation in NYS.

It is recognized that work is being taken forward by universities and industries in this area. To maximize the
contribution that NYPA makes to discussions about emerging techniques and technologies that could
enhance asset management, this project will explore options to collaborate with other educational facilities
or businesses. Not only will this enable NYPA to coordinate work in this area but will also ensure that the
results of the research that is completed are effectively shared. In the spirit of sharing the results more
broadly across NYS, NYPA will also explore the potential to run short courses and seminars regarding high
voltage engineering to stimulate discussions and disseminate key lessons learned.

Table 6 below provides an overview of the characteristics of the HV lab including the areas that will be
assessed in establishing the lab and the desired outcomes the lab will facilitate. Other advanced technology
projects for managing assets may be included in this work stream as they are identified.

Table 6: Focus of assessment and expected results from the cutting-edge research work stream

Project ‘ Areas for assessment Expected benefits / results

= Understanding of potential benefits from
deployment of emerging technologies
Cutting- - Effective integration of lab results Effective deployment of technologies to

. . improve HV reliabilit
el with investment decisions P y

research . . . = |nformed business case for investment in
= Collaboration with other utilities and . . . ..
new technologies which will optimize

educational facilities .
costs and deliver value to customers

=  Focus areas for research and testing
of HV or high current assets

Roll-out Plan

Following approval of the initiative by the Board, a first step will be to begin to develop the SAMP. This
document will contain the objectives, scope, mission and vision for asset management at NYPA as well as
guiding principles that will support delivery in line with desired outcomes. The SAMP will demonstrate the
way that the projects presented in this business plan align to the guiding principles of the initiative and will
be the roadmap for delivery of the asset management vision. It will represent an objective source of
information for the asset management team as well as interested staff members that are impacted by the
change in approach to asset management. The SAMP will be a ‘living’ document that is updated regularly to
reflect changes to the approach that have been agreed upon, particularly with respect to the four work
streams outlined in the previous section. This will maintain transparency across the organization and support
universal understanding of the approach.

Once the SAMP has been developed and agreed, further work will be taken forward to obtain a full and
detailed understanding of the strengths and weaknesses of the current asset management approach at NYPA
as compared with the ISO 55000 principles. This assessment will identify the gaps in the current NYPA
approach to asset management and provide valuable guidance on the areas of the initiative that need to be
prioritized. This will provide critical information to shape the projects that have been agreed reflecting on
those areas that should be prioritized to address the gaps, strengths and weaknesses identified.

Once there is clarity about and agreement on the form that the SAMP will take including the implications that
this will have in terms of the roll out of the projects detailed in this business plan, additional recruitment of
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required resources will take place. The team will work closely with the workforce planning initiative to draw
on the agreed processes developed as part of this linked strategic initiative and to identify the training needs
of the newly recruited asset management staff. As the initiative is more widely rolled out across the
organization, consideration will also need to be given to change management activities to effectively embed
the new approach to asset management across NYPA. This is discussed further in the section on
organizational impact.

Suggested Business Model

A critical component of this initiative will be the establishment of a fully staffed asset management
organization responsible for developing and adopting a cohesive SAMP that incorporates all of the projects
proposed within this business plan. Governance of the asset management organization as well as the
respective roles and responsibilities of the team will be determined through the asset management
governance work stream discussed in the preceding section. An initial estimate of resourcing needs suggests
that additional Full Time Equivalents (FTEs) will be required to support the projects presented in this business
plan. These may comprise existing NYPA employees that are redeployed to the identified positions or may
necessitate recruitment to secure additional staff. This will be explored once there is greater clarity with
respect to the skill and capability needs of the asset management organization.

Ideally, the full complement of FTEs required to staff the asset management organization would be recruited
into the open team positions immediately but the team recognizes that the skills and capabilities of these
resources are likely to be in demand within the industry. Therefore, in the short-term external consultancy
and / or contractor support will be needed in the form of asset management subject matter experts (SMEs).
This will have three key purposes.

= Firstly, it will help to ensure that the team has access to the critical knowledge and capabilities needed to
guide the development of a robust foundation for asset management. The SMEs will not only be able to
draw on the theory that underpins asset management and the application of the ISO 55000 principles but
will also draw on their experience in the practical application of these principles.

= Second, it will support the delivery of on-the-job training for the asset management team, building their
skills and capabilities by learning from consultants that have worked on industry-leading asset
management programs.

=  Third, it will allow the initiative to be kicked off immediately after receipt of approval from the Board
utilizing knowledgeable staff to support the establishment of robust asset management foundations.

A longer term objective of this initiative is to develop subject matter expertise in-house. Building internal
capability related to the development and application of a robust asset management approach will place
NYPA in a strong position to effectively maintain the program over time. This will be supported by the
effective use of consultants with asset management subject matter expertise to provide on-the-job training
as well as the development of a comprehensive training program that will help staff to develop their asset
management skills and capabilities.

An enterprise-wide awareness and understanding of the revised asset management approach will also be
critical to make sure that staff across NYPA, appreciates the value of the SAMP as well as the implications
that this change in approach will have for their work. Benchmarking has identified that critical importance
should be attached to change management when implementing a new asset management approach. This
includes behavior and cultural change on the part of all staff across NYPA will be necessary to embed the new
SAMP. For this reason, as part of this initiative a targeted change management program will be rolled out
focused on identifying influential stakeholders across NYPA, communicating key messages about the changes
set to take place and encouraging their input in developing the approach to asset management.
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Suggested Governance Structure

During the Foundation stage, the asset management organization will be located within the Operations
department. Over time, as the initiative matures, consideration will be given to the potential to include
additional asset classes within the asset management strategy. At this point, an assessment may need to be
completed to determine whether the asset management organization should remain within Operations or
whether it would be better to relocate the group. A suggested initiative organization structure is shown in
Figure 12.

Figure 12: Initiative organization structure
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A key work stream within this initiative is focused on developing a governance structure for the asset
management organization which will be achieved via the development of the SAMP and associated roles and
responsibilities of the various members of staff recruited to support this initiative. The governance structure
will also need to consider interactions that the initiative will have with other departments across NYPA, e.g.
IT and procurement, and what this will mean in terms of broader changes to roles and responsibilities.
Following the ISO 55000 current state assessment, discussions around governance of the asset management
initiative will be progressed as a priority to ensure that there is clarity about respective roles and
responsibilities. This will allow the team to draw on the findings of the ISO 55000 assessment to make
decisions about the areas of the asset management approach that should be prioritized including the roles
and responsibilities needed to support this work. In the interim period, the work required to progress the
asset management initiative will be taken forward by the existing asset management office.

Dependencies

There are multiple dependencies and linkages between the asset management initiative and the other
strategic initiatives which are currently in various stages of development / implementation. The exact nature
of these dependencies will only be fully apparent once all the initiatives are fully scoped and in the process of
being implemented. However, in the interim, it will be critical that asset management remains joined up with
these initiatives to ensure that any links are fully understood and addressed to avoid any overlaps or
contradictions. Table 7 provides an overview of the key interactions that are foreseen between the
initiatives.
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Table 7: Dependencies between asset management and the other strategic initiatives

Initiative

Degree
of
impact

Description

Approach

e Smart G&T is proposing a series of projects
focused on deploying smart grid hardware

e  Smart grid hardware will provide valuable new
information about NYPA’s G&T assets

e Smart G&T data will be a key input to the
asset management approach. This business
plan assumes that additional hardware to

The collection, storage
and analysis of data will
need to be explored to
secure a clear
delineation of

Process excellence could use asset management as
one of its initial practices for assessment

Smart G&T High . . . o
& capture this data will not be required. responsibilities. Any new
e Smart G&T projects may increase the number | assets will be deployed
or types of assets to be managed and managed using asset
e Asset management practices, especially those | management practices,
that incorporate predictive analytics, will drive | Where applicable.
requirements for new asset data and
infrastructure to be provided by Smart G&T
A clear asset management approach will help to
support rate clarity and stabilit .
PP y Y . Engagement with the
An enhanced asset management approach will .
. o . ) customer solutions
improve the reliability of service delivered to o . .
initiative to identify
Customer . customers L . .
. Medium P . emerging interactions in
Solutions Greater visibility of asset health will enable faster
terms of the proposed
response to customer requests for bespoke . . .
. suite of services that will
services
. . be offered.
During transformation the asset management
approach may be extended to customer assets
Key tools being developed to support effective
workforce planning will be valuable to establish the
asset management organization e.g. the skills
& & . & Coordination to
assessment and forecasting tools
Workforce . . understand and apply
. High Workforce planning may be able to support .
Planning - . workforce planning
processes to effectively recruit a number of new
. processes / templates
staff to support agreed projects
Targeted training of staff that work in the asset
management organization will be needed
Asset management will be setting up new practices | Coordination with the
Process Process excellence could provide guidance to process excellence team
Medium effectively set up the practices to understand the scope
Excellence

for support and ways to
attain ongoing guidance
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Engagement with
knowledge management
to ensure asset
management systems
are compatible with the
enterprise search tool
and that asset
management is
considered for
community of practice
discussions, and that
personnel have and
maintain the right level
of knowledge to
implement asset
management.

=  Knowledge Management is proposing to
implement a search engine that will improve access
to knowledge saved on shared drives

=  Knowledge management will facilitate the informal

Medium transfer of knowledge via communities of practice
and expertise location

=  These tools will help to establish an enterprise-
wide asset management approach that is
universally understood and consistently applied

Knowledge
Management

In addition to the strategic initiatives that are being taken forward as part of the transformation of NYPA in
line with the 2014 Strategic Vision, a number of projects are being progressed by the asset management
office which will need to be effectively integrated within this revised asset management approach.

e NYPA s currently in the process of upgrading its Maximo asset management system. This upgrade
will provide a tool to support the transition to ISO 55000 and a life cycle approach to asset
management as it will provide a repository to house a significant proportion of asset management
data. This will support an enterprise-wide asset management approach. Maximo also allows an
integrated approach for both short and long term planning as well as controlling inventory,
purchasing and condition based maintenance implementation.

e NYPA s currently implementing a TLEM and LPGP program which are focused on upgrading NYPA's
aging G&T infrastructure. The expenditure associated with these programs is significant and
therefore they represent ideal opportunities, to view capital expenditure decisions from the asset
lifecycle lens. Opportunities will exist during their implementation to build on the foundational
elements of technology, data, people, and processes.

BENEFITS AND REVENUE
High-level Benefit Description

The overarching benefit of this initiative is that it will support the continued effective management of NYPA’s
G&T assets and ensure that the organization is able to continue to deliver clean, low cost and reliable
electricity to customers across NYS. The continued efficient and reliable operation of NYPA’s G&T assets is
also a critical foundation required to support implementation of the Smart G&T and customer solutions
strategic initiatives.

Some of these benefits can be quantified by reference to the reduction in costs that NYPA will incur over time
while others are difficult to measure objectively and therefore need to be considered from a qualitative
perspective. Figure 12 below provides an overview of both the qualitative and quantitative benefits that are
anticipated to accrue from this initiative.
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Figure 13: An overview of quantitative and qualitative benefits
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As outlined in figure 12 above, there are a range of quantitative benefits that can be considered to fall within
three key categories.

Maintenance cost reduction: The use of data analytics to enable a broader understanding of asset
performance, cost, risk and value will allow NYPA to make the transition toward predictive analytics
and optimize spending on both planned and unplanned maintenance.

Inventory reduction: A rationalized inventory based on long term asset maintenance and
replacement planning will reduce warehousing needs and associated costs.

Fixed asset utilization: Greater visibility of asset performance and associated risks will reduce asset
failures as well as the need to enter spot wholesale markets to secure replacement power to fulfill
customer contracts. More intelligent operation of infrastructure recognizing potential risks will also
help to increase the lifespan of NYPA assets.

In addition to these quantitative benefits, there are also qualitative benefits which need to be taken into
account in assessing the asset management initiative. These include:

Improved workplace: A greater understanding of the G&T assets installed on NYPA's system will
help to reduce asset failures with a corresponding impact on safety at NYPA. Improved
consideration and enhanced visibility of risk will also help to improve compliance with regulatory
requirements including, amongst others, the NERC Critical Infrastructure Protection (CIP) standards.
In addition, the process of codifying asset management practices will help to facilitate effective
knowledge sharing and transfer within NYPA as well as supporting ongoing on-the-job training.
Improved sustainability: An overarching benefit of the initiative is that it will support continued
effective operation of NYPA’s G&T assets and help to avoid potential catastrophic failures. In
addition, the greater use of system data will provide clarity about the demands that new generation
and consumption technologies will place on NYPA assets. This will allow informed asset investment
decisions required to support deployment of clean energy and energy services.

Improved financial control: Clear asset management practices and greater use of data will ensure
that all asset management decisions are reached on the same basis using a consistent approach.
This will improve the credibility and robustness of decision making, enhancing the defensibility of
investment.
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e Improved customer satisfaction: Greater understanding of NYPA assets and clarity about longer
term asset investment needs will support a consistent and well defined spending program which will
help to secure long term rate stability for customers. In addition, greater knowledge of the risk
associated with NYPA assets will provide insights around the capability of our assets to support
additional generation and customer assets which will enhance responsiveness to requests for
customized service from customers. Both factors will improve overall customer satisfaction.

Table 8 below presents a complete list of the projects under this initiative are mapped to the appropriate
benefit categories, both financial and non-financial.

Table 8: Overview of Projects and benefits that accrue
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Financial benefits
Table 9 below is a summary of the financial benefits anticipated from rolling out the Asset Management
initiative. Subsequent material presents detail on how these benefits were estimated.

Table 9: Summary of projected benefits from implementing the Asset Management initiatives

Cost savings for NYPA ($ '000)

Category 2014 2015 2016 2017 2018 2019 2020 Post 2020
Maintenance Optimization S - S - S - S - $4,162,500 $ 8,325,000 $ 11,655,000 $14,985,000
Inventory costs 5 - S - S - S - $2,610,000 $ 2,610,000 $ 2,088,000 $ 626,400
Total ($ '000) $ - $ - $ - $ - $6,772,500 $10,935,000 $ 13,743,000 $15,611,400
Incremental revenue ($ '000)

Category 2014 2015 2016 2017 2018 2019 2020 Post 2020
Asset Utilitization 5 - S - 5 - 5 - $2,385,000 $ 4,770,000 $ 6,678,000 $ 8,586,000
Total ($ '000) $ -8 - 8 - $ - $2,385,000 $ 4,770,000 $ 6,678,000 $ 8,586,000
Total NYPA savings & revenue ($ '000) S 166,270,500
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Benefit Assumptions

Financial benefits associated with initiatives of this type are traditionally difficult to quantify at the business
planning phase. In order identify some indicative numbers at this stage we have relied heavily on
benchmarking against other organizations that have implemented similar Asset Management strategies as
well as vendors who typically operate in the Asset Management optimization space.

Table 10: Benefit category detail and assumptions by capability roadmap area

Benefit Category Benefit Detail Assumptions

labor cost of 15% (range based on IBM assessment of multiple

utilities and Scottish Power program (10-20 percent average)

Maintenance Optimization Reduction in labor costs . .
average maintainance costs for NYPA over last 3 years is 5111

million
12% reduction in inventory costs
—_——_—— Reduced inventory value and IBM assessment of inventory costs savings associated with
carrying costs initiatives of this type for other utilities ranging 5%-20%

average inventory costs over last three years of $87mm

1% additional availability in capacity based on a range provided
by IBM for similar initiatives undertaken at 20+ other
organizations

IBM range was 2% to 5% but because of uncertainty in market
prices and the fact that some of NYPA's hydro generation
facilities are rarely running to capacity anyway, it is felt that we
should be prudent in our estimates)

increased revenues through

Asset Utilitization :
capacity

Average revenue over the last 3 years is $954 million
Confidence level of benefit realization

Across the initiative project portfolio we have identified projects and associated benefits through the
employment of assumptions, market knowledge and NYPA specific data points.

While the numbers for initiative costs have a higher confidence level attached than the benefits at this stage,
we believe the assumptions are both directionally correct and provide a positive benefit-cost ratio for NYPA
to proceed with investment.

To ensure that we are not overestimating benefits, we have taken a conservative approach to their value —
not just in the assumptions developed but also in the staggered release of those benefits over time. This is
particularly important given NYPA’s current 10-year annual cycle for the maintenance of assets.
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The following represents the overall confidence that the specified revenue and benefits will be realized, using
the scale that follows.

Confidence level Benefit/revenue realization range
+/- 5% of expected benefits

High +/- 10% of expected benefits
Medium +/- 20% of expected benefits
Low +/- 30% of expected benefits

_ +/- 50% of expected benefits

NYS Benefits Low
NYPA Savings & Revenue Low
Low High
Total NYS Benefits ($'000)** S - |8 -
NYPA Savings & Revenue ($ '000) $ 116,389,350 S 216,151,650

**Note: We have not identified any direct quantitative benefits for NYS as part of this
initiotive. Qualitative benefits have been identified and are addressed in the external
stakeholder and marketing section of this document.

FUNDING FOR THE INITIATIVE

Intended Sources of Funding

The Asset Management initiative will be funded via a combination of NYPA’s O&M and Capital budgets, as well as
debt. As the initiative matures, it is anticipated that benefits such as decreased O&M spending and prolonged asset
life will offset a significant portion of initiative costs in the long-term. Much of the initiative’s costs and benefits will
ultimately be shared with NYPA customers through existing rate structures.

NYPA has engaged EPRI to provide advice on the implementation of the High Voltage Lab. Among the open items
are collaboration opportunities (educational and business), management and governance structure and extent of
the lab’s capabilities. Ultimate financing and cost recovery will be finalized once these matters are determined and
will include some combination of NYPA investment and investment from external partners.
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Table 11: Funding sources

Intended total funding sources

Source Selected Value ($ '000)

Bond issuance Yes 'S 32,266,733
Cash reserves Yes '$ 64,533,467
Third-party funds No '$ -
Other No I'S -
Total S 96,800,200

Percentage of funds

33%
67%
0%
0%
100%

Any values that have been entered for one or more subinitiatives will be automatically included in the table below at the aggregate level.

Expected annual funding profile

Category 2014
Bond proceeds 5 178,367

Third-party funds

Total external funds S 178,367

Interest payments
Debt retirement

Other

Net external funds impact S 178,367
NYPA cash S 356,733
Total annual cost S 535,100
Total external funding ($ '000) $

Total NYPA cash ($ '000) S

Confidence level of external funding

2015
S 3,296,700

$ 3,296,700

$ 3,296,700
S 6,593,400
S 9,890,100

32,266,733
64,533,467

$

2016
11,066,667

11,066,667

11,066,667
22,133,333
33,200,000

will be realized, using the scale specified to the right. Using the specified
confidence level, a confidence-adjusted range of external funding is then

estimated.
Confidence level Low
Low High
External funding ($ '000) $ 22,586,713 $ 41,946,753
Residual NYPA cash funds ($ '000) S 74,213,487 S 54,853,447

2017
$ 10,758,333

$ 10,758,333

$ 10,758,333
S 21,516,667
S 32,275,000

Confidence level

High
Medium
Low

Very low

2018 2019
$1,100,000 $ 1,216,667

$1,100,000 $ 1,216,667

$1,100,000 $ 1,216,667
$2,200,000 s 2,433,333
53,300,000 S 3,650,000

$

2020 Post 2020

775,000

775,000

775,000
1,550,000
2,325,000

External funding range
Please indicate the overall confidence that the indicated external funding levels _ +/- 5% of expected funding

+/- 10% of expected funding

+/- 20% of expected funding

+/- 30% of expected funding

+/- 50% of expected funding

S 775,000
$ 775,000
$ 775,000

S 1,550,000
S 2,325,000
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COSTS AND RESOURCES

Initiative Cost and Resources

Table 12: Costs and Resources

0&M expenses ($ '000)

Category 2014 2015 2016 2017 2018 2019 2020 Post 2020
Framework S 450,100 $ 990,100 $ 100,000 $ 100,000 $ - S - S - S -
Operational Procedures 5 5 $ 2,150,000 $ 2,150,000 S 2,150,000 S = 5 5 5 5 5 5
Maintenance Optimization S - $ 1,750,000 $ 1,675,000 $ 950,000 $ 350,000 $ 350,000 $ 350,000 $ 350,000
Big Data S - $ 1,875,000 $ 975,000 $ 775,000 $ 250,000 $ 250,000 $ 250,000 $ 250,000
Health Center S - S 425,000 $ 600,000 $ 1,025,000 $1,025,000 $ 1,375,000 $ 1,050,000 $ 1,050,000
Performance Regime S - S 700,000 $ 350,000 $ 325,000 $ 325,000 $ 325,000 $ 325,000 $ 325,000
HV Implementation S - S 350,000 $ 350,000 $ 350,000 $ 350,000 $ 350,000 $ 350,000 $ 350,000
Total annual O&M expenses $ 450,100 $ 8,240,100 $ 6,200,000 $ 5,675,000 $2,300,000 $ 2,650,000 $ 2,325,000 $ 2,325,000
Total O&M expenses ($ '000) S 39,465,200

Category 2014 2015 2016 2017 2018 2019 2020 Post 2020
Framework S - S - S - S - S - S - S - S -
Operational Procedures 5 5 5 o 5 5 5 5 5 - 5 5 5 5 5 S
Maintenance Optimization S - S - S - S - S - S - S - S =
Big Data S - S 400,000 S 1,000,000 $ 600,000 $ - 5 - S - S -
Health Center S 50,000 $ - $ 1,000,000 $ 1,000,000 $1,000,000 $ 1,000,000 $ - S -
Performance Regime S = $ 1,000,000 $ - S - S - S - S - S -
HV Implementation S 35,000 S 250,000 $ 25,000,000 $ 25,000,000 $ - S = S = S =
Total annual Capex $ 85,000 $ 1,650,000 $ 27,000,000 $ 26,600,000 $1,000,000 $ 1,000,000 $ - $ -
Total initiative Capital expenses ($ '000) S 57,335,000

Total initiative costs ($ '000) S 96,800,200

Category 2014 2015 2016 2017 2018 2019 2020 Post 2020
Framework 2 2 0 0 0 0 0 0
Operational Procedures 0 3 3 3 0 0 0 0
Maintenance Optimization 0 2 2 2 2 2 2 2
Big Data 0 3 3 3 0 0 0 0
Health Center 0 1 2 5 5 7 6 6
Performance Regime 0 1 1 1 1 1 1 1
HV Implementation 0 2 2 2 2 2 2 2
Total annual FTE 2 14 13 16 10 12 11 11

Initiative Cost Assumptions

Costs for this initiative have been derived through a combination of:
e Internal and external resource estimates based on cross initiative rates
e  Working with industry vendors who have provided indicative cost estimates for the projects outlined in the
business plan
e Benchmarking against other utilities such as Duke Energy, Con Edison, Scottish Power and Puget Sound
Energy who have undertaken similar initiatives - readjusting costs based on comparable sizes
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IMPACT TO MARKET

Overview of Marketing Approach

This initiative is primarily focused on establishing internally-focused enterprise-wide provisions that optimize
the management of NYPA assets. While the focus is on internal arrangements, the initiative is expected to
have impacts on NYPA customers and the services that NYPA offers in the following areas.

=  Optimized customer costs: Adopting an asset management approach that effectively and consistently
utilizes data to understand asset health and risk will allow NYPA to maximize the life of its assets and
optimize maintenance costs. Initially, the team anticipates that the implementation of an asset
management approach that provides greater visibility on asset health will likely lead to increased costs as
asset performance, risk and value become more visible and this highlights the need for asset investment
/ replacement. However, as NYPA moves into the optimized phase of the initiative, these investments
will begin to pay off and the approach will deliver longer-term efficiencies to customers in the form of
optimized capital investment and maintenance costs. Costs will also be reduced through the
development of consistent practices that enable staff to focus on tasks that add value and thereby
improve efficiency. Over the longer term both of these elements will contribute to the continued delivery
of high quality services to customers at low cost.

= Improved reliability: A more sophisticated asset management approach that uses asset health to
determine required maintenance will support the transition from a traditional ‘run to failure’ approach,
to preventative or predictive maintenance programs. This will ensure investment is targeted and costs
optimized as well as helping NYPA to avoid unplanned transmission and generation outages. Even where
forced outages take place, the improved understanding that NYPA has of its assets, from accurate data
and robust analysis, will secure faster equipment restoration. This enhanced reliability will translate into
improved quality of supply for NYPA customers and will increase the value they receive from NYPA
services.

= Greater responsiveness to customer service requests: Improved understanding of asset condition and
criticality will support greater transparency about the ability to accommodate additional / altered system
loads. In turn, this will enable NYPA to explore the potential to offer more sophisticated services that
deliver in line with customer needs. Easier access to data to allow NYPA to more quickly understand the
capacity to deliver certain services will improve responsiveness and enhance NYPA’s credibility in the
customer services area.

Each of these areas will help to further delivery of low-cost, clean, reliable power as well as the innovative
energy infrastructure and services NYPA customers’ value.
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ORGANIZATIONAL IMPACT

Overall Degree of Change

This initiative will fundamentally change NYPA’s approach toward asset management and move the
organization toward the principles contained in ISO 55000 which focus on the value chain for managing
assets alongside considerations of life cycle planning cost, performance and risk. The approach will provide
greater transparency about asset health and allow investment to be targeted to those areas in which it will
deliver most value to customers. Resulting changes across the organization will accrue in three key areas.

e Capabilities: The skills and competencies of staff within the asset management organization will
need to change to reflect the new approach. An exact understanding of the required skills and
capabilities of these personnel will be attained during the completion of work stream 1 related to
governance of the asset management approach. However, at a high level, it is anticipated that
additional staff with an understanding of 1ISO 55000, advanced data collection and analytics
capabilities and experience of HV lab testing will be beneficial to the implementation of this
initiative. In addition, there may be some change of capabilities required in terms of staff in other
departments that support this initiative, particularly IT. As part of the organizational review, impacts
on this department, and others, will need to be fully considered and addressed.

e  Culture change during foundation: Full adoption of the initiative during the Foundation phase will
require a mindset change on the part of many staff involved in asset management that have used
the existing approach for a significant period of time. It is likely that it will take time for these
members of the Operations organization to fully buy into the revised approach particularly given
that the benefits of a risk based asset management approach will take time to accrue. In light of
these issues, it will be important for the team to be able to clearly and robustly explain the rationale
for the change and point to the benefits that will ultimately be delivered as a result of this initiative.
Where possible, the team should also be able to highlight best practice examples where other
utilities have implemented these principles and attained benefits.

e Change management to embed the approach: Under the principles of ISO 55000, there is a desire
to move to an enterprise-wide asset management approach that straddles the entire organization.
This will emphasize the importance of proactive engagement with staff across NYPA to increase
their awareness and understanding of this initiative. This engagement should take a variety of forms,
drawing on the shorter term communications events related to the strategic vision, as well as
opportunities such as the communities of practice that will be taken forward by knowledge
management. This will not only allow the asset management team to proactively communicate
progress made on the implementation of the initiative but also seek feedback from staff across
NYPA around areas that could be amended or improved. It will also support greater awareness
across the organization with respect to the new asset management approach.

Table 13: Internal impact

Internal impact overview

Business Unit Description of impact Impact
Improving the operational performance of the organization

by moving to an Enterprise-wide AM approach, which will

require NYPA to undergo a culture change. A big driver of Positive - High
the AM changes are the new international requirements

described in the 1SO 55000.

Economic Dev. & Energy = While there is no immediate impact to Economic -
Efficiency Development and Energy Efficiency (EE), there could be Positive - Low

Operations/
Transmission

Strategic Initiative Business Plan for Asset Management 39



potential involvement in the future. If NYPA decides to
develop contracts with its customers to maintain their assets
that would be a huge impact to the way EE does business
right now. This would involve a culture change in the way
NYPA conducts business with its customers and ensuring
that the right skill set to maintain customer assets resides
within EE.
The Business Services Unit will be impacted by:
1. The HV lab - interacting with the university and
establishing NYPA's role in its development.
2. Culture changes involved with the enterprise-wide AM
approach - Staffing the Health Center and AM office with the
right skill sets, training all NYPA employees on the new AM
approach, and standardizing AM processes /procedures /
maintenance practices across NYPA.
3. Customer Assets - If NYPA decides to take on maintaining
customer assets in the future that will be a huge change in
the way NYPA does business with its customers.
4. Cyber Assets - If NYPA decides to take on maintaining
cyber, software or hardware assets, compliance and cyber
security will need to get involved in the AM process
While there is no immediate impact to IT, in the future
Information Technology cyber, hardware and software assets could fall under the AM Positive -
(IT) program. In that respect NYPA will need people who have a Medium
skillset in data recovery.

Business Services Positive - High
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EXTERNAL STAKEHOLDER IMPACT AND MARKETING PLAN

The proposed HV lab, the most externally-oriented component of this initiative, will provide benefits in the
form of increased high voltage research and education ability for state universities, creation of jobs in high
voltage research, education and practice, and increased ability for public and private sector collaboration on
high voltage equipment testing and certification. In addition to contributing to the body of knowledge
around the design, implementation, operation, and maintenance of power system equipment at rated
voltages, NYPA can benefit from the presence of the facility by validating equipment, increasing knowledge
around failure modes and optimal operation, training existing staff, and developing a pipeline for future staff
in these areas.

Table 14: External impact overview

External impact overview

Stakeholder Description of impact Impact Suggested action

Better asset management planning will

increase reliability for the customers. A Work closely with the Customers

. Positive - . . . .
Customer clear asset management approach will Low Solutions initiative to identify new,
also help to support rate clarity and proposed services that will be offered.
stability.

Work closely with distribution utilities

Better asset management planning will . .
& P g such as Con Ed and National Grid so

likely reduce outage times making

Distribution . . Positive | that planned and forced outages are
e generation and transmission more . .
Utilities . . . . - Low clearly communicated to mitigate
reliable in turn making distribution ] o
. . generation and distribution issues
utilities more reliable.
across NYS.

Through better asset management

. Work closely with the NYISO to ensure
planning, the number of planned and/or . . .
. . Positive | that outages required for equipment
forced outages and associated durations

NYISO - maintenance / replacement are

willlikely be reduced, in turn reducing Medium | properly planned and that the number
the length of the outage requests to the .
of forced outages is reduced.

NYISO.
In close collaboration with the Smart
Generation & Transmission (G&T)

initiative, the asset management Health Work closely with the Smart G&T
. Center will utilize data from . initiative to have a clear understanding
Transmission . . . Positive - . -
technological devices installed on of available data from our transmission
Operators (TO) , . . Low .
NYPA’s transmission equipment. More systems which can be used to support
access to and better use of such data other TOs.
could minimize planned and/or forced
outages.

Description of Marketing Strategy

The primary impact of this initiative will be internally focused on improving the operational performance of
the organization. However, the agreed vision for the asset management initiative positions NYPA as an
industry leader in this space in the transformational phase. Achieving this outcome will require external
discussion of the approach that NYPA has taken, the benefits that are achieved and the lessons that have
been learned. The team will therefore establish a program of industry events, including presentations and
seminars as well as participation in articles for industry journals to discuss the approach that has been taken
to asset management at NYPA and the outcomes that have been delivered. Consideration will need to be
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given to the appropriate timing of this work in light of progress made and best practice examples that can be
shared with industry colleagues.

RISKS AND ASSUMPTIONS

Risks to the delivery of outcomes anticipated

There are a multitude of potential risks that could affect the benefits delivered by the asset management
initiative. The most significant of these relates to the cultural change that needs to take place within NYPA for
the new asset management approach to become fully embedded. In many cases, asset managers across the
organization have adopted the same informal asset management approaches for many decades and have
observed the successful continued operation of NYPA assets. It is likely that significant change management
efforts will be required to demonstrate the benefits of moving to an enterprise-wide asset management
approach that is aligned with the principles of ISO 55000. Indeed, benchmarking has indicated that critical
importance should be attached to change management when implementing a new asset management
approach given that the benefits of an enterprise-wide program will only be fully realized where it is
universally adopted.

This issue needs to be considered alongside other key high level risks that could threaten the delivery of
benefits envisaged under this initiative. In each case, a suggested action needs to be identified to mitigate
the potential effect of these risks in the event that they do emerge. The table below provides an overview of
these risks alongside the potential impact they could have and suggested mitigating actions.

Table 15: Risks

Category

Cultural

Description

During foundation operations
staff that have worked for
decades under the existing
asset management approach

‘ Probability

Impact

Suggested actions

Engagement with key staff
immediately following Board
approval to seek their views
Extensive program of change

understand the need for
change and / or may be
unable to transition to the
new approach

High High management
change may not understand the need g g g .
Assess best practice
for change or may be unable |
to transition to the new e.xamp es
Link PPRs to asset
approach
management
During transformation other Extensive program of NYPA-
departments responsible for wide change management
assets that have not Use of KPIs from the
traditionally been included in performance regime to
Cultural a formal asset management . . measure and demonstrate
High Medium . .
change program may not fully benefits of an enterprise-

wide approach

Identify best practice case
studies that demonstrate
benefits achieved by others
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NYPA is unable to secure
required resources to support
full implementation of the

Prioritize development of the
organizational structure to
enable recruitment to start
Engage the workforce
planning team to develop a

Resourcin e . Medium High
& initiative due to the scarcity g targeted recruitment /
of required skills and retention program
capabilities Develop targeted training to
address any skills gaps
identified
Initiate a full program of
It may take time for benefits internal and external
from implementation of the engagement to manage
initiative to accrue leading to expectations on benefit
Observer . . .
SU——— concerns, internally and Medium High accrual
P P externally, that the approach Identify case studies that
is not delivering in line with demonstrate trends in the
expectations accrual of benefits under I1SO
55000
Full staff training on new
. ractices and data analysis
During roll out of the P ] . ¥
e Full review of decisions made
initiative asset management . L .
L .. . that is periodically revisited
Misinformed | decisions may be taken which . . .
.. Medium High to monitor outcomes
decisions are then shown to be flawed .
. . delivered
which could impact the
- Reference to lessons learned
credibility of the approach .
from best practice case
studies in initiative roll out
The increased collection and Maintain engagement with
NERC CIP transfer of data could lead to . . the compliance team
. . A Medium Medium .
concerns greater risks associated with Implement appropriate
cyber security incidents measures to protect data
Develop a clear governance
structure and defined roles
Lack of clarity about the and responsibilities for the
ownership of data and asset management
Data systems within the asset . . organization
. y L Medium Medium J . o
ownership management organization Provide training to all

could lead to inconsistencies
or discrepancies in the data

members of the asset
management organization on
data ownership and roles
and responsibilities.
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