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1 EXECUTIVE SUMMARY
Phasor Measurement Units (PMU’s) can improve grid operations by providing real time values of
system frequency, voltage and current phasor data faster and with more granularity than technology
now in service. By locating synchrophasors at crucial power grid locations, operators have better
visibility into issues as they develop. The resulting market benefits include increased reliability and cost
savings. Data provided from synchrophasors can also be used to identify the transmission system’s
vulnerabilities and analyze failures. Phasor Measurement Units use these time synchronized
measurements for a wide array of monitoring, data processing, and wide area visualization systems to
help utilities and grid operators better manage the electric grid. It is focused specifically on providing
improved, real-time monitoring of grid conditions, and providing better tools to help diagnose and
respond to issues as they occur. The consolidation of the balancing authorities into one large region,
the differences in dispatch of resources under the new market, the changing nature of the generation
in SPP (including the integration of significant levels of variable generation), the increase in behind the
meter generation and demand side resources, and the increase in transmission capacity increase the
need for a region-wide monitoring system
PMU devices are a proven technology that have been widely deployed in the utility industry. PMU
analytic applications are still rather new, under rapid development, and requir a shift in engineering
understanding not seen before. As an example, Figure 1 compares SCADA and PMU data. Clearly,
PMU data provides deeper insight into actual conditions.

Figure 1: SCADA vs PMU Output
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SPP has begun development of its own roadmap to apply synchrophasor technology [1]. The goal is to
better understand the dynamics of the power system within its purview and to enable increased
reliability through efficient and rapid response when system disturbances occur. SPP Members will
gain maximum benefit from this effort by applying this technology within their own operations and
engineering environment. Ultimately, through these applications, SPP and its members will gain
unprecedented visibility into grid behavior and control.
To begin realizing the potential benefit of synchrophasor technology consistent with SPP’s roadmap,
SPP recommends that its members implement a synchrophasor network in their own area to capture
and send three-phase PMU data. To fully realize the potential of this technology, members should
implement their own analytical capaibilities to meet their business needs while also sending the data
to SPP for additional benefit. Implementation time will depend on the member’s readiness for PMU
technology, i.e. infrastructure, communications, etc. Throughout the entire process, members should
evaluate and address, as appropriate, NERC CIP Standards and their impacts. Implementation should be
according to the following 7 phases:








Phase 1: Develop synchrophasor roadmap (with reference to the draft NERC Reliability
Guideline on PMU Placement, including the value of a hybrid state estimate)
Phase 2: Review PMU technology and uses with members to determine the most cost beneficial
uses
Phase 3: Define protocol for integrating synchrophasor technology into Operations centers
Phase 4: Create policies and procedures
Phase 5: Establish a local synchrophasor network
Phase 6: Validate and manage synchrophasor data
Phase 7: Educate personnel

Refer to the NASPI Synchrophasor Starter Kit [2] for a summary of information needed to undertake a
new synchrophasor project or to upgrade an existing project.

2 BUSINESS PROBLEM AND SOLUTION
2.1 PROBLEM ANALYSIS AND SOLUTION
During the course of daily activities, SPP’s and Member’s Operations personnel must dynamically
determine the state of the transmission system. Current tools for performing this function are SCADA
and EMS, for which state variable data is delivered every 4 to 10 seconds. Although these systems have
been in operation for many years, an evolving power industry coupled with the enhanced role of the SPP
in managing the grid necessitates a faster, real time, dynamic situational awareness. Factors providing
increased operational challenges are region-wide markets with central dispatch, a consolidated
balancing authority, interregional power flows, increasing renewables penetration, heavier power
transfers, power electronics based converters, changing load dynamics, etc. As SPP and its members
evolve with a changing industry, a dynamic understanding of the system is imperative. PMUs along with
the necessary data communications, storage, and analysis infrastructure can fill the need and has proven
to be the technology of choice in the power industry for this purpose.
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A model driven PMU placement study [3] has been performed by SPP staff that serves as a guideline to
optimal PMU location selection. The study document can serve as a starting point for determining
placement of PMUs within the member’s area.

3 AVAILABLE APPLICATIONS
Synchrophasor technology can provide a glimpse into the health of the power system and its
components through a myriad of applications. Transmission and Generator owners should consider the
following applications as those that provide the larger benefit. As all TO’s and GO’s are not alike, the
member should judiciously choose those applications according to its needs.
1. Model Validation (generation, transmission, and load) – Use PMU data showing system or
component response to actual events to verify or calibrate asset models.
2. Oscillation Detection – Use PMU data to detect real time power system oscillations for fast
operator response.
3. Event Analysis - Use PMU data and analytics to identify disturbances and anomalies occurring on
the grid and determine the cause and consequences of the disturbance or event by using the
insights offered through the high-speed PMU data.
4. Equipment Health and Mis-Operation and Monitoring – PMU data can be used to gain visibility
into the status and health of equipment monitored by PMUs.
5. Breaker reclosing with phase angles – Use PMU data to precisely determine angular separation
along problematic transmission elements. This will better equip operators and service personnel
to perform line closing faster and with a greater degree of certainty and confidence.
6. Visualization and Wide-Area Situational Awareness - Use PMU data to visualize the state of the
system as a whole, from north to south and east to west, and beyond, using real time voltage
angle comparisons and responses.
7. Equipment Commissioning - Use PMU data when commissioning equipment during installation
or after maintenance, to verify in real time that the equipment is performing as desired.
8. EMS back-up – Use the PMU data network feed in the event the SCADA/EMS network is lost.
9. Automated Remedial Action Schemes (RAS) – Use PMU data as input to a RAS to trigger
protection and control actions when conditions warrant such an action.
10. Frequency Monitoring – Use PMU data to detect under-frequency events, locate areas where
generation is lost, and provide compliance with NERC BAL requirements.
11. Turbine Monitoring – Use PMU data to monitor the rotor angle of synchronous machine to
quickly determine stability.
12. Linear State Estimation – With the availability of time-synchronized PMU data sampled at speeds
at least 240 times faster than SCADA, classic non-linear state estimation can be supplemented or
replaced by linear state estimation.
13. Data Conditioning and Validation – PMU data will need to be conditioned by detecting and
eliminating bad data and restoring repairable data. Data must also be validated to ensure it
accurately represents the measured quantities.
Reference Using Synchrophasors at SPP [1] for those applications that SPP intends to use in its RTO
operations.
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4

BENEFITS AND COSTS

The following sections provide potential member benefits and high level costs. The member sould
evaluate its own circumstances to determine itsbenefits and cost.

4.1 BENEFITS
PMUs can report 30 to60 measurements per second, while SCADA provides a measurement every 4 –
10 seconds. High-speed monitoring from PMUs can detect and record events that SCADA misses,
thereby enabling much better visibility into grid conditions and the performance of specific assets such
as power generators. PMUs used with high-speed data networks, high-quality data analytics, and active
system management can provide improved reliability, environmental benefits, cost savings, and
improved efficiency and throughput of the electricity grid.
The North America SynchroPhasor Initiative (NASPI) is a voluntary group of representatives from the
utility industry, manufacturers and vendors, academia, national laboratories, government experts and
standards-making bodies with the mission to improve power system reliability and visibility through
wide area measurement and control, by fostering the use and capabilities of synchrophasor
technology. NASPI has created the PMU Value Proposition [4] to identify and estimate the benefits of
using synchrophasor technology to enhance grid operations and planning. The discussion that follows
is sourced from the report. Per the NASPI technical report, the specific, quantifiable benefits that can
be realized from synchrophasor technology use are listed in the Table 1 below. The benefits are
divided into the classes of Reliability, Cost Savings, Grid Throughput and Efficiency, and Environmental.
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Table 1: Synchrophasor Benefits

7

Southwest Power Pool, Inc.

Table 2 provides a mapping of the major synchrophasor applications to several classes of benefits. As
the table reveals (reading down the benefits columns), significant overlap exists in the benefits between
the areas.

Table 2: Benefits of Synchrophasor Technology, By Application

8

Southwest Power Pool, Inc.

Reliability is the most important metric for grid operators and planners. Reliability is improved when
the number, duration, and severity of disturbances and outages is reduced. Synchrophasor technology
assists in providing these reductions by:








allowing grid operators to identify problematic situations and craft better responses
providing a benchmark of known undesirable system conditions
identifying causes of mis-operations and helping to provided remedies
identifying active oscillatory modes and determining damping growth patterns
assisting in line reclosing and generator synchronization using phase angles
performing event analysis to determine cause of disturbances and remedial actions
building more accurate models used by operators and planners

Table 2 also outlines other benefits such as better grid throughput and usage and reduced
environmental impact. Examples of these are that enhanced energy flows can be obtained when
bottlenecked facilities are relieved. Additional benefits of better reactive power management and
reductions in line losses can also be achieved. Increased delivery of renewable generation and
reduction in carbon emissions can be achieved and easily calculated.
The NASPI Value Proposition also outlines a number of metrics that should be examined and provides
suggested methods for calculating cost benefits. The member should make these calculations using
member-specific data. These suggested calculation methods are shown below in table 3.

Table 3: Cost Savings Calculation Methods
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4.2 COSTS
According to a 2014 ORNL study, the average overall installed cost per PMU ranged from $40,000
to $180,000. The averages include cost of communications, security, labor, and other factors. It
was shown that the overall installed cost are driven primarily by the intended present and future
use of the synchrophasor system. The major determinants of cost were the existing
infrastructure to support the synchrophasor system and the intended applications and
capabilities of the Synchrophasor system. Once the system is in place, the cost of installing
additional PMUs is approximately 35% of the initial costs. SPP members should calculate the
expected cost based on its position with respect to existing and planned synchrophasor
infrastructure. Further cost information can be found in [5].

4.3 RISKS
The following risks have been identified. To manage these risks, a risk management plan should be
executed. The uncertainties may include but are not limited to:
1.
2.
3.
4.
5.
6.
7.
8.

Bad data preventing proper analysis.
The pace at which the technology is developing.
Establishing inappropriate (too restrictive) technology/operation requirements.
Having the right staff involved with appropriate priority to focus on new and complex technology
and engineering analysis.
Staff education and understanding of this new complex technology and engineering analysis not
typically done.
Internal & External resistance to change (people not being open to new solutions\technology).
No one single vendor is capable of providing a solution for all needs.
Managing additional CIP protected assets when equipment is added or changed

The member should establish assumptions based on the member’s progress in synchrophasor systems
as well as the uncertainties related to the above risks.
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5 APPENDIX
5.1 SUPPORTING DOCUMENTATION
Attach any documentation you believe is relevant to the Business Case. For example:







Problem / Opportunity research materials
Feasibility Study research materials
External quotes or tenders
Detailed cost / benefit spreadsheets
System requirements (if known)
Other relevant information or correspondence.
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