Technology Innovation

A disciplined approach to research portfolio
management that leads to BPA applications
that deliver value, reduce costs or increase
revenues, and maintain low rates and reliable
power for the region.



= Successes



Successful Project Results

= Splice Shunt

= Ductless Heat Pump

= Seismic Mitigation

= Operational Multi-Gigabit Ethernet
Transport

= Synchrophasors



Million Dollar Success Story

Splice Shunt

= 20 mile Ross-Lexington
upgrade

= Increased capacity with
“splice shunts” instead of
new wire

= Half outage time
= One BPA crew vs. multiple

=  $4 million direct savings
first application

= Multiple applications in
progress and pending
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Million Dollar Success Story

Upgrade Ross-Lexington 230kV Line

BPA situation: Line used at full capacity

— ACSR Drake conductor

— Rated at 100° C, 1070 Amps summer

— Built in 1939 (68 years ago)

- Ne?]d: Reinforce critical North-South (I-5) grid transmission
pat

= Upgrade to 1300 Amps summer (N-1) continuous operation —

30 percent increase in capacity

= Upgrade to 1500 Amps summer (N-2) emergency operation
= Avoided Cost — 20 mile re-conductor $6M
= Actual Cost — Shunting Compression Fittings $2M



Million Dollar Success Story

Ductless Heat Pumps

= Heat Pump technology
assessment capability

= |nstallation of more than
4,800 ductless heat pumps
Into homes In the Pacific
Northwest

= Success resulted in
expansion of program for
small business applications

= Provides future savings to
BPA




Million Dollar Success Story

Seismic Mitigation

Reduce the seismic acceleration by: | ~1 !
— 50% for 500 kV equipment
— 30% for 230 kV and 115 kV equipment
— 10% for 69 kV equipment

Create tools for equipment designers to

— Validated models of seismic
mechanics

— Perform representative analysis and
design approach

Transformers perform better in
earthquakes when anchored.

— QOver the last 10 years, BPA has
anchored more than 200 transformers
west of the Cascade Mountains where
there is a greater earthquake hazard.

— But work remains another 100
transformers, west of the mountains,
need to be anchored.




Million Dollar Success Story

Operational Multi-Gigabit Ethernet Transport

= Enables bandwidth —_—

required for bulk smart N o = T
grid & synchrophasors o e [N rowOupmen

= Included ?n | s 5 b 858 2 (000 ks
Communications Asset T ey, PN\ 0F |5
Strategy & Caplta| mffin“ EE%* gﬁrﬂ; ?ﬁj Protection Relays
planning Tt B

= Final long-distance test " tgg aaaaaaa
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Million Dollar Success Story

Synchrophasors

= Synchrophasor technology represents the first major
step forward in wide-area grid control and visibility in
decades.

= [t has the potential to move from reactive to proactive
operations and control.

= Previously unforeseen vulnerabilities and major outages
may now be avoidable.

= Many tools in the project portfolio are based on
synchrophasor technology. |




Million Dollar Success Story

Synchro-Phasor Project — Value for BPA

= Reliable Wind integration

— Validate wind power plant models

— Dynamic performance monitoring

— Voltage stability controls
= QOperators understand what is happening in seconds

— Understand transmission utilization in real time

— Validate power system models

— Baseline power system performance and event analysis
= Unlocking unused transmission capacity

— Real-time wide-area response-based controls

— Example: How may cars could you get on I-5 if you could drive 60 mph with just
one inch between you and the next car?

— This is how the BPA transmission system may be operated
— Avoids substantial upgrades of existing circuits to deliver more power
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= BPA R&D and Technology Innovation
History
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Technology Innovation History

= 2004 new technology opportunity to serve
customers and contribute to the long term
economic health of the Pacific Northwest.

= In 2005 BPA created a new organization, the
Technology Innovation (TI) Office, to focus and
manage technology initiatives.

= “We are seeking a shared innovation agenda”
said Terry Oliver, BPA’s Chief Technology
Innovation Officer.

= Today the TI office applies a disciplined
approach to the way BPA researches, develops,
demonstrates and deploys new technology.

13



= Technology Innovation Structure
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Agency Strategy IS

Technology Innovation

Agency Strategy Map
Technology Innovation-15

BPA solves business challenges
and enables breakthroughs
using a program of disciplined
research and technology
Innovation that is recognized to
deliver high value to the region



Direct Linkages

W Agency Strategy Map (2010 - 2016) Figure 3: TRANSMISSION TECHNOLOGY ROADMA®
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Technology Innovation Councill

Dave Armstrong,
Larry Bekkedahl,

Kathy Black,
Allen Burns,
Larry Buttress,
Jack Callahan,
Scott Coe,
Anita Decker,

John Haner,
Jeff Hildreth
Mark Jones,
Elliot Mainzer,
Terry Oliver,
Peter Raschio,
Don Watkins,

Executives & Technologists
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Technology Innovation Councill

Technology Confirmation/Innovation Council

Chaired by Deputy Administrator: Executives and Technologists

Technology Innovation Office

Chief Technology Innovation Officer: Terry Oliver

Technology Roadmaps

Energy Transmission | Renewables AL AICE! A A g

Efficiency Operations | Security : Roadmap | Roadmap :

Technology Technology Technology Technology Technology Technology Technology
Targets Targets Targets Targets Targets Targets Targets

——

Technologies ldentified in Roadmaps

e

Function

* Provide direction & principles,
* Select portfolio,
* Ensure decisions and

results are applied

» Develop & manage Portfolio
» Develop Project Mgt Model
* Manage Projects

» Develop Policy Analysis

* Define which technologies
are important to BPA,

* ID gaps between the current
and future technologies,

* Help prioritize research
choices.

» Each Roadmap will have
its own set of targets

19



= Creating a Portfolio
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Portfolio Conceptual Approach

High Cost —
Low Benefits

Low Hanging
Fruit.

Expected Value
21



Stage Gate Reporting

Option = quit, continue, expand, change
Analysis of Project Stage 4
VaI{Je Includejs,' Stage 3
: ' Stage 1| Stage 2
*Risk
*BPA need

«Cost Project X Structured as a Series of Stage Gates

*Relation to objectives I I I I

Achievement of

deliverables  Time pecision 1 Decision 2  Decision 3 Decision 4
—

22



Objective Measures of a Good Portfolio:

Diverse Projects Reduce Portfolio Risk

About 10-15 Diverse Projects
Capture Most of the Risk Reduction

R&D From Diversifying Projects

Portfolio
Risk

Systemic R&D Risk
(Cannot be Diversified Away)

1 10-15 20 300

Number of Diverse R&D

Projects (Equal Investments)
23



Sow Lots of R&D Seeds

Invest Modest Funds in Lots of Ideas

ldeas
Galore

Business
\ Plan
Concept Research Development Ready for Application
Stage Of Development

24



Portfolio Considerations

R&D “Buckets”

Assessing |
BPA BPA Must / \Collaborate ﬁCt'Vely
i Lead W/EPRI SSESS Watch
Role in
Technology

Development

Balancing Subject
of Matter
Portfolio Themes
Issues Trade Off
Improving
of R&D _ _
Investment Size of Project Investment

25



roadee Technology
Roadmaps Guide the| rmooatonm
Initiative i

Explicit Linkages to Business

NORTHWEST ENERGY EFFICIENCY

TECHNOLOGY ROADMAP Challenges
MarcH2oto I H B B B B 1885 Generator

At first glance one may think,
“My how things have changed,”

But at second glance one may admit,

“Things haven’t changed much at all.”

Physical Security POWER SER VICES
Technology Road Map TECHNOLOGY ROAD MAP Renewable Energy

February 2007 March 2008 Technology Road Map

(Wind, Ocean Wave, In-Stream Tidal &
Solar Photovoltaic)

Hungry Horse Dam

Research is to see what everybody else
has seen, and to think what nobody else
has thought. September 2006

- Albert Szent-Gyorgyi

The Enigma was a portable cipher machine
used to encrypt and decrypt secret messages

T, 26 A



Transmission Roadmap Target

Figure 5: TARGET 2 - Increase transmission
transfer capabilities & control of power flows

TF7: High current
operation, through use of
innovative use of existing

& innovative
technologies

N6: Effective N7: Effective

interconnection __ integration of
between BPA & distributed energy

WECC utilities & intermittent
resources

TF5: Costeffective  TEg: Reduction TF9: Smooth

(2}
=] ) ) . N5: Increase
8 N1: Intelligent grid able to N4: Power transmission line
= communicate across system capacity & availability
planning, design, operation, modeling within existing
protection & control of the corridors & increase
transmission system the ability for outages
= | | ] |
N TF2: Intelligent  TF3: Realtime,  TF4: High speed, L Modeling &
2w protection schemes  system wide data secure,grengme, simulation of multiple  TF6: Automated generation
o 5 and s real time wide measurement, interoperable | contingencies fo assess of Real time Operational
E = areamonitoring,  collection, analysis, communication _POWer flows, risk, Transfer Capability (OTC’s),
O 8 control & adlapt_ive dissemination & system wide emerggr;%rr%amnie::gsement for critical paths
D protective relaying display
= | ! !
0
2
=2 |
% T2. Enhanced 3 T16: Real-time T6. Realtime 12 SOfWare 74 Ropust  T17. High
c Wide Area — Monitoring &  automated Tools for State OCurre_nt
= Measurement Communication Measurement load System Estimation Tecﬁﬁrglgn?es
8 Systems Technologies Technologies forecasting & Performance 9
: Analysis &
= T15. Software Tools for gertlgg?;lon Validation

Online Real Time
Analysis for Dispatch &
Operations

T1. Response
Based Real Time
Wide Area
Control Systems

T18. Advanced
Conductors

control systems for o ek load &
reactive power, auto jntegration of inc;g:ﬁ‘:]iitgrlt
dispatch of remedial consumer
action, demand systems resources
response, intermittent
& distributed energy
T20. Non-
T7. Power Wires T8: Energy
Electronics & Technologies ~ Storage
FACTS
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Transmission & Control of Power Flow

Figure 11: Increased Transmission & Control of Power Flows Gap Analysis

Existing
Technologies

Conservative designs which
result in greater transfer
capacity than load due to;
Dynamic behavior of cables
*Events/failure

*Regulatory changes (n-
corridor)

+(n-x) for outages
sIntermittent resources

Line Design Methods used to
accommodate increase capacity
in existing corridors;

*Thermal upgrade
*Reconductor

Upgrade voltage

*Rebuild line (larger conductor,
higher voltage)

Substation Design &
Equipment

Cables Installed (% of total
cable installed)

*Round Rod 87%

«Copper 5.5%

*TW 5%

*ACSS — 2 short lines
*ACCR 1 demo span

Technology Gaps

Innovative (non-standard) designs using standard material and/or create new standards

using existing technology

Future
Technologies

Study to determine the “know-how” required
to move from conservative designs to
operation at capacity limits.

Real time monitoring of cable tension,
sags and temperature to support operations

T16: Real-time Monitoring

of thermal, mechanical &

Evaluation & better monitoring of new
materials and high capacity wires &
substation equipment.

electrical characteristics of
cables, structures &
substation equipment with
novel system protection

High Temperature Operation Analysis to include;

+Cable strength material degradation
*Thermal expansion performance
Creep

*Sag Tension simulations modeling for high temperature cables

«Connector performance
*Hardware performance

«Allowable current transfer vs. allowable operating temperature

sThermal performance of substation equipment

*Substation equipment degradation & effect on loss of life

applications

T17: High Current
Operating Technologies
that include Innovative uses
of Existing Technologies &
High Temperature Modeling

cables, hardware,
connectors, etc.

The following equipment need to “get up
to” industry standards for high
temperature operations:

«Connectors i

Power Electronics - To bring down the cost and to
collect information on performance in real-world
applications more field tests and demonstrations of
existing prototypes and equipment is needed.

T7: Power electronics &
flexible AC Transmission

«Compression fittings

systems (FACTS)

*Hardware bushings
sInsulators
*Spacer dampers

|

Reduce the high cost of HYDC and FACTS systems
and the complexity of multi-terminal HVDC links.

Reinforce 230kV with high operating cables to support 500 kV grid
operation to respond to 500kV outages.

T18: Advanced Conductor

Technologies

Use high current capacity cables cost
effectively.

|
|
|
|
|
|
|
|
|
|
I of substation equipment,
|
|
|
|
|
|
|
|
|
|

(HighTempLowSag, HTSC)

2007

+5 yrs

+10 yrs
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Portfolio Decision Framework

Tl R&D
Roadmaps

Unsolicited
Proposals

TI1 Council
: : Rank Create
Develops Philosophies Existin - Review
and R&D Themes >tng
Panel
L Identify Net
R&D Needs
Solicit
Proposals
Internal/External Multi-Year Council
Projects - Approves
Create TI Safe from Rebalanced
)| Cross Agency Replacement Portfolio

Review Team

Review
Proposals

—

Proposed
New Projects
For Portfolio

Tl Recommends
Rebalanced
Portfolio
To Council
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Annual Portfolio Rebalancing Cycle

Link to Annual Budget Cycle

1. Rank Existing

Portfolio Projects |« me—— 8, lnelEmeEnt

(Identify Weak Projects) New Portfolio

2. Create or
Update 5. Tl Council

Roadmaps & Approves
Portfolio
3. Solicit Proposals
(Internal/External)
4. Replace
*Prune ;} Weak Proposals;
«Review Fill Gaps
 Fill Gaps

30



Project Solicitation

= Request for Qualifications
— Evaluate Proposals and Proposers

= Request for Offers

— Sent only to those Proposers that qualified
— Plus any past project manager in the agency
— And announced to everyone in the agency

= Evaluate Proposals
— This gets them considered in the Portfolio.

= Select Portfolio based on direction from the
Councill.

31



BPA Process for Constructing and

Managing an Integrated R&D Portfolio

TI Council ‘ Focus Area
Roadmaps | “®® Input N
) v

Energy o B Project Portfolio / Portfolio
Efficiency S Ol anlicitafi Construction ¢ |Management
_ £ @| Solicitation oL e
Environment S ol Principles Principles
Grid o ﬂ H
Renewables
Hydro ‘ l ~ Project Integrated
Operations —> U ) R&D
Physical =) | RFP ‘ Selection :
Portfolio
Security 1
Transmission
J Annual Cycle
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Portfolio Considerations
Philosoph

Select through Portfolio Decision Framework.

Balance risk & reward across broad technology spectrum.
Improve portfolio value over time.

Accomplish most Portfolio objectives through collaboration.

Minimize “living dead” risk—projects that consume ever-increasing
amounts of time and money, forever look promising, but go nowhere
slowly.

Avoid large investments until failure risk relatively low (stage gates).

Focus on projects within BPA’s mission and expertise (technology
roadmaps).

Provide opportunities for developing employees.

Reward innovative thinking, testing of new ideas (even if these ideas
don’t reach fruition), excellence in managing R&D projects, and
achieving results.

33



Portfolio Considerations

Construction Principles 1

= 20% of budget in projects = Each of the following areas
<$500k; 80% in >$500k will have an opportunity to

= Closely link funding and sponsor projects.
approvals to a project’s — Energy Efficiency
merits and its effect on the — Environment

overall portfolio.

= Preference to projects using
stage gates, to create
portfolio flexibility, reduce -
risk, and manage costs. — Transmission

— Grid Renewables
— Hydro Operations
— Physical Security

No construction principle is so hard and fast that it cannot be violated for good reason.

34



Portfolio Considerations

Construction Principles 2

Net present value (NPV) analysis, a useful tool for evaluating &
comparing late stage R&D projects, will not limit investment
decisions, particularly for early stage R&D projects.

The amount of time and effort already spent on a project will not
be a factor in deciding whether to continue funding (Sunk Costs
don’t count).

No “Lone Ranger Projects.” No R&D project may be funded
without going through the Portfolio Decision Framework.

New ideas may compete with existing projects. Normally, all
projects will be at risk for replacement by a better project.

35



Portfolio Considerations

Management Principles 1

= New ideas may compete with existing projects.
Normally, all projects will be at risk for replacement by a
better project.

= A project that requires long-term funding (defined as two
or more years) may be given a funding preference in
subsequent budget cycles for the term of the project as
long as the project meets milestones set forth in
advance, continues to be connected to BPA’s mission,
and otherwise continues to show promise.

= To keep the portfolio fresh, we will prune it annually.

36



Portfolio Considerations

Management Principles 2

= |t may be appropriate for BPA to fund but not manage a
project in favor of outsourcing. Factors affecting BPA'’s
decision whether to fund or manage a project are:

— Availability of project management expertise and FTE to manage
the project effectively;

— Avallability of internal FTE necessary to perform tasks to
complete the project;

— whether or not the project is a “BPA Should Lead” project; and

— the availability of an internal champion among senior executives
to sponsor the project.

37



Provisions for Success & Failure

= Technology Innovation embodies high potential for failure
— 80% failure
— 20% success

= Success = working application on BPA system = system
Improvement = home runs

= Problem: don’t know in advance what that 20% are.

= Best Practices Solutions:
— Portfolio Approach
— Pruning via stage gates and portfolio selection
— Value estimated at start & calculated at application

38



Institutional Partners

EPRI

Overhead
Transmission

Substations

Power System
Engineering
Consortium
(PSERC)

University Electricity
Industry Center
(Carnegie Mellon)

Center for Energy
Advancement
through Technology
Innovation (CEATI)

International Council
on Large Electric
Systems (CIGRE)

Portland International
Center for
Management of
Engineering and
Technology
(PICMET)

PNW Universities
(OSU, OIT, WSU,
UW, Boise State)

Shared research
agenda using
technology
roadmapping

USDOE & National
Laboratory System
(Pacific Northwest /
Sandia / Oak Ridge /
et al)

39




= Project Management

40



Project Management

RESEARCH PROJECTS WILL FAIL

Increase
Success

/




Project Management Maturity Model

Purpose: To provide value to BPA by
establishing standards and repeatable processes
that guide PMs about project management and
performance for a project’'s complete lifecycle

42



Gap Analysis

= PM Skills

= Project Process Lifecycle
— Initiating
— Planning
— Executing
— Close-out

43



Project Management Methodology

Construction Principles

Provide clarity about requirements, roles,
responsibilities and processes.

Achieve results without being overly structured and
detailed.

Focus on managing to objectives.

Cultivate effective communication, cooperation and
trust to achieve project management success.

Strengthen the support and involvement of the
supervisors of the project team members.

Institute project manager training program with
periodic updates based on lessons learned.

4.4



= Technology Innovation Program Emulated
by Industry Peers
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Technology Innovation Program Emulated

by Industry Peers

= Southern California Edison JED'SON

= First Energy FirstEnergy

Al

= Ameren “ Ameren

46


http://www.sce.com/sc3/
http://www.ameren.com/pages/home.aspx

= Summary
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* Results- Technology innovation brings
value to and saves BPA and rate payers
money

= Disciplined approach
— Research Agenda
— Pick Portfolio
— Pruning
— Project Management

48



Falale
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Synchrophasor Applications Taxonomy

BEDLARAL S . RELIABILITY COORDINATORS
= Automatic alarming of RAS : = Situational awareness
- - - ’ dashboard
= Out of step protection
. ShDI‘tﬂOllgp—tI;I‘IIl stability v}’O o= " Real time compliance
conteol < monitoring
= FACTS feedback ctrl ng = Frequency Instability

Detection/Islanding

PLANNERS 3 phasor W
Applications / : OPERATORS

= Post-mortem analysis
Y f,, Real time performance

= Model validation

= Phasor network
performance monitoring
& data quality

4‘% monitoring
$. {é ) = Real time alerts and alarms
VS, ﬁ,@‘ﬁ .@0 :
- o oY = Event detection,
" disturbance location
= Suggest preventive action

® [nterconnection state estimation
= Dynamic ratings

= Email notifications

= Test new real-tume
applications
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Oscillation Detection / Mode Meter

= This is how operators will be able to detect power
disturbances with synchro-phasors, increasing

reliability (more cars on the highway)
Trending Display Mode Meter

550 : : :
545 N .

0oap X

00 aXa@

|

505 - G003 X

Frequency

| 1 | | | | | |
0 10 20 an 40 a0 B0 70 80 a0
Time [sec]
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Measuring Portfolio Value

Prune projects early
(fast, cheap failure is OK)
Test for viability early

Invest in stages (real options)
Perfection not needed

Number Portfolio
Of Value
Promising a
Projects
Concept Research  Development Ready for Application

Stage Of Development
52



Objective Measures of a Good Portfolio:

Expected Return Matches Risk

High

Free Lunch
(Find These)

Medium

Expected
Return

DoVt G~ Hrre

Low Medium High
Risk
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Product Development Cycle

yun® - Full Business Plan
|
vs®
e®
® o* Financial Valuation
«*
*
‘0’ Risk Reward Analysis
*
*
Strategic Balance (roadmapping, buckets)

8

N
: Scoring Methods
[

Opportunity Identification

Basic Targeted Concept Product

Commercialization
Research Research Development Development
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Project Management

Reqguirement Maturit
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I NIIA Agreement
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Tracherg of What BPA Dals is Shaned

Manager
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Managor

| it it

ol Team
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Projoct Expcution
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Best Practice Maturity Model

FUNCTIONAL CATEGORY DESCRIPTION MATURITY MODEL
Year of Swvelopment
FY 08 Fy'10 Fy11
Communication guidelines between BEA employee and external entities as it nelates to Technology
[nnovation's *External Proposal Pre-Submittal, Evaluation, Execution *Internal Proposal Pre-Submuittal,
Evaluation, Project Planning, Exccution
Communication Protocol
Project Documentation Praject Charter, Plan, Scope Statement, Collaborative {
TICTITETTINT O STIRC LAaTe [ START ROTCS Ty T CTTTCTENT TOr TCStarcr VS, OCVCIOpRTEnT Vs,
demonstration. ... Maybe necds to be go/no go'rescopehold), How resource availability constraints
factor into stage gate decisions, How to write a good siage gate or milestone Stage gate review Team
formation, Contract Implications, Define stape gate process, Review panel, Consistent Implementation
Critenia (project manager needs to know how to apply stage gates), How can a stage gate be changed as
the R& DD project team learns more, Usual reasons why a project is killed or placed on hold, Lessons
| Stage Gate learned from stage gale process {
BPl Appendix 14-A, BPI Appendix 6-A, Practical contracting technsques (task orders, contracting
Contract Management suppon for CRs. BES reports, ways to expedite contractor background check {
Financial Management BES Financial Reporting of actual expenditures for FTE, contracts, travel, equipment {
Identification of Data Requirements, NDA Process, Pnontization of data security and classification of
data, (ALF agency load forecasting tool, DRI new outage system, SCADA, scheduling tags), NDA
NDA Determination decision document {
Definition of Project Success and Failure Project Success, Project Failure, How to document, How is acceptance of technology defined {
Prapect Proposal, SOW, Stage Gate, Gantt Chart, Pert Chart, NDA, Monthly Progress Repont (includes
Examples of Required Documents financials), Project Closure Checklist { {
|Role, Responsibility and Authority Defined Project Stakcholders, Sponsor, Manager, Project Team Members, Subject Matter Expert { {
How to pull together a team with Tier 3 support, Defining project skill reguirements (i.c., noed
Creation of Project Team specialized equipment person) { {
What is process for changing scope of work so that Project Manger is not “called on it™ that original
Project Re-Scope proposal was wrong. Allowance for project scope and budget flexibility as new information is learned { {
Project Tracking Monitoring, Templates, Checklists, Report Formats, Measure & Metnics { {
Project Management Tools Use of standard project management software tools in CITRIX application { {
o cancel project (midyear review, 2 conversation after midyear review with project manager
and project team, council decision), Project manager initiated recommendation to cancel project,
Project Termination Complete Close-out Checklist (1o be determined) { {
Project Recovery { {
Risk Assessment, Analysis & Management Agency Decision Framework, Risk Management during Project [nitiation, Planning. Execution { {
Intellectual Property IP Decision Framework, BPI language { {
[Market Research BPl Appendix 6-A i
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