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PNM Technology Performance Report

Disclaimer

"This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect
those of the United States Government or any agency thereof."
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Definitions

“AAC” refers to amperes AC.
“AC” refers to alternating current.
“ACE” refers to Area Control Error

“Advanced Carbon Battery” refers to the sealed lead acid battery technology with advanced
carbon features being commercialized by EPM and Ecoult

“Applications Controller” refers to the separate controller integrated with BESS Controller
which shall interact with PNM’s system level algorithms.
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“AUX” refers to auxiliary input

“BAT DPU” refers to the digital processing unit for a set of UltraBatteries (used for battery
management).

“Battery Meter” refers to the metering point on the AC output of the associated BESS

“Battery System” refers to either the Smoothing Battery System or Shifting Battery System or
both if used in the plural.

“BES” refers to battery energy storage.
“BESS” refers to battery energy storage system.

“BESS Controller” refers to the programmable controller supplied by Ecoult for control of the
BES System

“BES System” refers to the entire BES system including the Smoothing Battery System, the
Shifting Battery System, the PCS and any other components

“CAB” refers to a container of Advanced Carbon Battery cells mounted in racks complete with
battery monitoring hardware, BAT DPUs and DC switchgear.

“CUB” refers to a container of Ultrabattery Battery cells mounted in racks complete with
battery monitoring hardware, BAT DPUs and DC switchgear.

“DAQ" refers to Data Acquisition System
“DC” refers to direct current.

“Distributed Resource” a utility interactive (grid connected) inverter or converter and its
interconnection system equipment connected in parallel to an electric power system to supply
power to common loads, which includes electrical energy storage systems.

“DMS” refers to Distribution Management System
“DNP*“ refers to Distributed Network Protocol

“EPRI“ refers to the Electric Power Research Institute
“f” refers to frequency

“G1 G2, G3, G4” refer to scaling and error correction gains
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“GHG"” refers to Greenhouse Gas

“GPS” refers to Global Positioning System

“HVAC" refers to Heating ventilating and Air Conditioning

“HE” refers to Hour Ending

“IEEE “ refers to the Institute of Electrical and Electronics Engineers

“Inverter” refers to a bi-directional DC-to-AC and AC-to-DC inverter and its associated controls
and power components to connect the PCS to the electrical grid as further described in Section
7.1

“kV” refers to kiloVolts.

“kVAR” refers to kiloVolts Amperes Reactive.

“kW” refers to kiloWatts

“kWhpase “ refers to baseline kW measurement

“kWgnise “ refers to shifted kW measurement

“kWsmooth “ refers to smoothed kW measurement

“LCOE” refers to levelized cost of energy

“LPF” refers to low pass filter

“MPPT* -refers to Maximum Power Point Tracking

“NWS” refers to National Weather Service

“NOAA” refers to National Oceanic and Atmospheric Administration
“OSI ACE” refers to OSI Advanced Calculation Engine

“P1“ refers to Process Information

“PNM” refers to Public Service New Mexico, the owner of the PNM Project.

“PNM’s Distribution Operations” refers to PNM’s operation center for power distribution that
will control the BES System through a communication link with the BESS Controller.
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“PNM Project” refers to the demonstration of BESS in conjunction with a 500kW solar
photovoltaic power plant by PNM in the greater Albuquerque area of New Mexico.
“PNM RTU” refers to the PNM supplied RTU

“PNM WSM” refers to PNM Wholesale Marketing Department

“Primary Meter” refers to the metering point on the AC output of the high side of the
480/12470 transformer

“PCS” refers to the power conversion system, which is a subsystem of the BES System
“PV” refers to photovoltaic

“PV Meter” refers to the metering point on the AC output of the associated 500kW PV
resource

“PCC” refers to the point of common coupling of the BES System with the electric grid, for this
PNM Project, the 12.47 kV connection point.

“ROI“ refers to Return on Investment
“RTVU” refers to remote terminal unit.
“SCADA” refers to supervisory control and data acquisition.

“Shifting Battery System” refers to a single string of CABs, which is further defined in Section
3.1.

“Smoothing Battery System” refers to a single string of CUBs, which further defined in Section
3.1.

“SoC” refers to State of Charge
“SoCREF” refers to Reference State of Charge

“UltraBattery” (trademarked) refers to the sealed lead acid battery technology with ultra-

capacitor features being commercialized by Ecoult (traded under the mark UltraBattery™)

“T1” refers to PV Low Pass Filter Time Constant
“T2” refers to AUX1 (load) Low Pass Filter Time Constant

“T3” refers to AUX2 (ACE) Low Pass Filter Time Constant
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“TW” refers to PV moving average Time Window
“UPS” refers to an uninterruptable power supply.
“VAC” refers to Volts alternating current.

“VDC” refers to Volts direct current.

“Whr" refers to Watt-hour

“WSM“ refers to Wholesale Marketing
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1: Overview of the Energy Storage Project

The Public Service Company of New Mexico (PNM) demonstration project installed an energy
storage system composed of two elements: a 0.5MW Smoothing Battery utilizing Ultra
Batteries and a 0.25MW/0.99MWhr Peak Shifting Battery utilizing Advanced Lead Acid
Batteries, both manufactured by Ecoult/East Penn Manufacturing. These two systems
combined with a single 0.75MW Power Conditioning System, are co-located with a separately
installed 500kW solar PV plant, at a utility-owned site, to create a firm, dispatchable, renewable
generation resource. *. This hybrid resource provides simultaneous voltage smoothing and peak
shifting through advanced control algorithms, and is capable of easily switching between end-
of-feeder and beginning-of-feeder configurations to demonstrate simultaneous smoothing and
shifting encompassing a range of applications.

1.1 - List of Recipient, Sub-Recipients and Respective Roles:

Recipient Responsibilities/Role

Public Service Co. of New Mexico Project lead, algorithm development, source of signal to
BESS

Ecoult/East Penn Manufacturing Install and support battery system

University of New Mexico Modeling, algorithm development

Northern New Mexico College Package data- separated for the individual steps

depicted in the methodology

Sandia National Laboratories Consult on control algorithms

1.2 - Objectives:

e Demonstrate PV-plus-battery to mitigate voltage-level fluctuations and enable peak
shifting

e Quantify and refine performance requirements operating practices, and cost and
benefit levels associated with PV-plus-battery as a firm dispatchable resource

e Achieve 15 percent or greater peak-load reduction on distribution feeder using PV plus
battery.

e Generate, collect, analyze and share data to advance grid efficiency, optimize supply
and demand, and increase reliability

! PNM also installed an adjoining 500kW PV installation which was not funded through the DOE ARRA program
7
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e Validate and support the nationwide effort to develop the next-generation utility
system and further the integration technologies and standards for renewables and
energy efficiency

e Enable distributed solutions that reduce GHG emissions through the expanded use of
renewables.

1.3 - Description of Energy Storage Technologies and Systems

The project is a genesis of underlying efforts that began in 2008 under the EPRI Smart Grid
Demonstration Program. In this EPRI collaboration extensive use case analyses were developed to
describe broad and underlying communication/control architectures for a Smart Grid that
incorporates high penetration solar PV. The Prosperity Energy Storage Project was then proposed
under the ARRA DOE Smart Grid Storage Demonstration Solicitation in 2009 and is the first ARRA-
funded storage demonstration to go online. Major contracts with the DOE, vendors and university
partners were finalized in the fall of 2010 and construction began in May 2011, after site
permitting was completed. The project was commissioned and operational on September 19,
2011. The system one Line diagram is presented in Figure 1 below.

PNM Distribution

835kVA, 750kW /IV BESS BES System supplied by ,\I 500kW Central Inverter
Grid-Tied Inverter EPM/Ecoult I
- Master /
!
]

]
______ L e _Jd____  FixedVoltage 800VDC
(+/-400VDC)

— | 500kW DC Converter —_ 250kw DC
_ with — Converterwith
’Q PowerRegulator 'Q' PowerRegulator ( """" )
Power Smoothing — 500kW Peak Shifting— 990 kWhr Containerized Solar PV

Containerized VRLA UltraBatteries Advanced Carbon VRLA Battery Array
(2x CABS) (6x CABS)

Figure 1 - System One Line Diagram
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1.4 Key Project Milestones and Impact Metrics:

Phase

Milestone

Target Completion
Date

Actual Completion
date

Negotiate and finalize

30-October-10

30-October-10

| — Design & Engineer SGDP Award
Solution
Revise PMP 30-November-10 30-November-10
Battery Manufactured
. 7/30/2011
gc;nEtsrzbSILsrzticgl\D/evelop Models created, 20-May-11
calibrated with 2/1/2012
algorithms prioritized
Ill = Construct & System Installed and
Commission . 16-August-11 11/1/2011
. Commissioned
Demonstration
V- Demonstrate Successful Completion 24-February 14 on track

Evaluate and Report

1.5 - Applicable Energy Storage Applications and Smart Grid Functions

Table 1 Project Milestones

Electric Energy Time Shift -Enabled through peak shaving and firming utilizing different source

signals into the shifting algorithm

Area Regulation - Enabled through application of Area Control Error signal into the battery

smoothing algorithm

Voltage Support - Enabled through peaks shaving efforts where substation voltage signals are

incorporated into the shifting algorithm

T&D Upgrade Deferral - Enabled through peak shaving and incorporation of a distributed

resource to relieve substation service requirements

Renewable Energy Time Shift - Enabled through peak shaving and firming of the PV energy to

align PV production to utility system peaks

Renewables Capacity Firming - Enabled through firming of the PV energy to align PV production

to utility system peaks

1.6 - Grid or Non-Grid Connected Impacts and Benefits
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The main benefits expected from the demonstration include deferred peaking generation
capacity investments and deferred distribution capacity investments. Benefits will be derived
through the avoided costs of peaking plant investment, substation or feeder expansion due to
peak shaving and avoided cost of capacitor banks and voltage regulators by smoothing PV ramp
rates and minimizing voltage fluctuations. Creation of a reliable, dispatchable renewable
resource is also intended to reduce electricity line losses and account for pollutant emission
and fuel avoidance from fossil based peak shaving resources.

Optimized Generator Operation

These benefits are enabled by the shifting function of the demonstration. Specifically, various
algorithms have been designed, tested through computer modeling and implemented via the
test plan to determine the best mode of creating a firm, peaking, renewable energy resource.

Deferred Generation Capacity Investments

These benefits are attributed to the ability of the system, as a firm peaking resource, to allow
avoidance of fossil based peaking resource additions. By establishing a firm resource from PV a
much higher capacity factor can be allowed these systems in resource planning. Benefit will be
measured by success of targeting an increase in allowable peak contribution of PV (from 55%
current to 90% - typical of a gas peaking unit).

Deferred Distribution Capacity Investments

These benefits are enabled by the smoothing function of the demonstration. The smoothing
function alleviates voltage swings and avoids extra distribution system protection in the face of
high penetration PV. The cost of avoided protection for an unsmoothed system will be stacked
with other benefits.

Reduced Electricity Losses

The demonstration will contrast baseline and tested system losses. Losses will be calculated by
determining where the losses are originated and then projecting upstream to derive the
associated reduced generation kWh.

Reduced Carbon Dioxide Emissions

Reduced losses and substitution of fossil fuel based generation with PV will reduce carbon
dioxide emissions. Establishing the amount of such reductions requires: 1) tracing the load
profile of the load change attributed to the project back to ascertain how the generation
dispatch was affected, 2) determining which generation units had their output reduced (and
which had their output increased, if appropriate), and 3) associating with each affected
generation unit a CO2/kWh emission rate.

Reduced SOX, NOX, and PM-2.5 Emissions

10
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Establishing these emissions effects involves tracing the load profile to the generation origin
method, as is required for CO2 impact, but in this case the effected generation output is
associated with an SOX, NOX, and PM-2.5 Emissions rate.

1. 7 - Synopsis of Steps Taken to Achieve Interoperability and Cyber Security

PNM has developed and successfully submitted a comprehensive Cyber-Security plan to DOE
relating specifically to this project. The plan has identified and documented distinct steps to
identify, isolate and mitigate all security risks associated with its Smart Grid program, both for
the near-term energy storage applications for grid support deployment and for longer-term
smart grid investment decisions. PNM’s plan envelopes the 10 phases below, which consist of
183 controls from NIST SP 800-53. PNM has completed and documented results of the first
eight phases. The results from these eight phases consist of 153 documented controls.

e Phase 1 - Initiation

e Phase 2 - Concept

e Phase 3 - Planning

e Phase 4 - Requirements Analysis

e Phase 5 - Design

e Phase 6 — Development

e Phase 7 — Security Test

e Phase 8 - Implementation

e Phase 9 - Operations And Maintenance
e Phase 10 - Disposition Phase

PNM also continues to be an active participant in the Smart Grid Interoperability Panel (SGIP)
efforts, maintaining its voting privileges since the inception of the effort. Additionally, PNM has
been participating on the new Domain Expert Working Group (DEWG) within the SGIP focusing
on Distributed Renewables, Generators, and Storage. Participation on this DEWG will allow
PNM to provide both outreach to the rest of the industry on experiences and lessons learned
from the Prosperity Energy Storage Project as well as inform this project from other efforts and
needs identified through the DEWG. This will further guide our research plan.

PNM has also been actively reviewing efforts from the Cyber Security Working Group of the
SGIP. Another effort exists between NIST and the Renewable and Sustainable Energy Institute
to identify the long term research requirements to overcome the major technological and
measurement challenges associated with deployment of the smart grid. PNM is a member of
Working Group 2 of that effort focused on integration of distributed generation (including
renewables) and energy storage with the grid (including micro-grids and local energy control
systems).

11
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1.8 - Synopsis of Interactions with Project Stakeholders

The following table outlines outreach activities and project related publications that have been

externally disseminated.

12
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Expected (or

Actual)
Completion
Title Description Date Intended Audience Benefit to Audience
TPR Technical Progress Report 07/12 DOE Update on project results,
issue and resolution ID,
lessons learned and next
steps
Smart Grid Update Update to NM Public Regulation Commission 4/16/2012 NMPRC Update on PNM SSG
activities with focus on DOE
Storage Project
PNM PV + Storage Update Update with project results to EPRI PDU (storage and 2/13/2012 EPRI staff and Present key findings, issue
renewable integration advisory councils) members and lessons learned on
project
Maximizing the Update with project results to ESA — to be published in | 5/2/2012 ESA Present key findings, issue
Benefits of Energy proceedings and lessons learned on
Storage Combined project
with Utility Scale PV
Applying UltraBattery® Technology to | Description of Battery Technology and with project 6/13/2012 InterSolar Europe Display abilities of battery
Deliver MW Scale Energy Storage results to Intersolar Europe Conference — abstract technology deployed against
Solutions for Smoothing available PV
and Shifting of Solar Power
Mitigating Renewable Energy Highlight drivers for storage in the face of renewable 3/27/2012 NM Tech Educate on utility system
Intermittency energy growth operations and how storage
with Energy Storage can allow increased
renewables, describe DOE
project and present results
Renewable Energy and the Need for Highlight drivers for storage in the face of renewable 12/20/2011 NM Assoc. of Educate on utility system
Energy energy growth - describe DOE project i Energy Engineers operations and how storage
Storage can allow increased
renewables, describe DOE
project and present results
Renewable Energy and the Need for Highlight drivers for storage in the face of renewable 2/24/2012 NM Society of Prof. | Educate on utility system

Energy

energy growth - describe DOE project i

Engineers

operations and how storage

13
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Storage

can allow increased
renewables, describe DOE
project and present results

Public Service Co. of New Update with project status to DOE 10/20/2012 EESAT — DOE Peer Peer Review on project
Mexico (PNM) - PV Plus Storage Review status
for Simultaneous Voltage
Smoothing and Peak Shifting
Modeling of PV plus storage for Description of modeled system, modeling techniques 10/18/2012 EESAT Expose how storage can be
peak shifting and simultaneous and results to date modeled on a utility system,
smoothing at Mesa del Sol describe approach used and
present results
Integrating Utility Based PV and Describe foundational/architecture based on EPRI 4/17/2012 SEPA Utility Only Expose the level of
Storage Inteliigrid™ used to platform the data acquisition and Conference sophistication needed to
on a Smart Grid Foundation control system in a Smart Grid Environment properly site and run a
distributed asset in a cyber
secure utility environment
PV Smoothing and Shifting Utilizing Update with project status to EPRI SG Demo 04/02/2012 EPRI Smart Grid Share lessons learned and
Storage Demonstration align to overall SG efforts
Batteries Advisor Mtg with EPRI
Maximizing the Benefits Update with project status to Storage Week Upcoming Storage Week Expose how storage can be
of PV with Energy Conference 06/25/2012 modeled on a utility system,
Storage describe approach used and
present results
Integrating Renewable Energy with Demonstrate how PNM is facing challenge of 03/22/2012 IEE Power the Explain how storage can help
Battery Storage intermittency associated with increased renewables People Conf mitigate effects of renewable
intermittency
02/23/2012 NM Green Grid
Initiative
PNM smart grid demonstration Description of modeled system, modeling techniques 2012 Innovative Smart Expose how storage can be
project from modeling to and results to date - abstract at Grid Technologies modeled on a utility system,
demonstration; Link below table (ISGT), 2012 IEEE describe approach used and
PES;2 present results
Analysis of battery storage utilization Analyzing modeling techniques and algorithm 2012 Innovative Smart Expose how control

2 |EE Papers Link: http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=p Authors:.QT.Abdollahy,%20S..QT.&newsearch=partialPref

14
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for load shifting and peak smoothing
on a distribution feeder in New
Mexico;

development for battery control abstract at
Link below table

Grid Technologies
(ISGT), 2012 IEEE
PES;

algorithm can be developed
and tested in a modeling
environment

Smoothing and Shifting PV — Applying | Highlight drivers for storage in the face of renewable 05/16/2012 World Renewable Educate on utility system
Energy Storage to Enhance the energy growth - describe DOE project Energy Forum operations and how storage
Benefits of Renewable Energy can allow increased
renewables, describe DOE
project and present results
PV Output Smoothing with Energy Specific description of smoothing algorithm Submitted IEEE PES Describe benefits of using
Storage for different input signals to
publication control smoothing
A Comprehensive Approach Toward Description on how modeling can be used to forecast Submitted IEE Journal Describe modeling efforts of
Distribution System Forecasting high levels of PV and other loads and how storage can for publication high pen PV EV and lessons
mitigate publication learned on how to

accommodate into utility
system

Table 2 - PNM Prosperity Energy Storage Project DOE-OE-0000230 Qutreach Activity Summary - up to July 2012

Additionally PNM has developed a public web portal that provides live data from the demonstration, project background materials

and educational resources relating to renewable energy and energy storage. PNM will use this outreach tool to enhance high school

and college curriculum relating to renewable energy. The public website can be reached through

http://www.PNM.com/solarstorage. The site requires Adobe SVG Viewer and the website is compatible with Internet Explorer

(IE) only.
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2 Description of Energy Storage Technologies and Systems

2.1 Location of the Storage System and Demonstration Activities

The project is located south of Albuquerque New Mexico in PNM’s service territory on PNM
owned land. It is adjacent to Mesa del Sol, Albuquerque International Airport and Sandia

National Labs.
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2.2 System Description

The key components of the project feature
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e 500kW PV installation with 2,158 Schott 230 solar panels (not funded by DOE)
e SMA 500kW PV Inverter (not funded by DOE)
e Ecoult/ East Penn Manufacturing Energy Storage Solution:

(0}

(0]

6 Battery Containers each containing 160 Advanced Lead Acid batteries — with an
energy shifting functionality Energy rating is 1 MWh.
= Each container weighing approx. 49,700 Ibs.
= Stored energy is being dispatched as “firm” energy when energy demand
increases, offsetting the peaking requirements of a natural gas during
times of customer peak usage. This allows PNM to use renewable energy
when it’s most needed.
2 Battery Containers each containing 160 UltraBatteries— with an power
smoothing functionality -
= Each container weighing approx. 49,700 Ibs.
= Power Rating is 500kW
= The UltraBattery Storage provides the ability to “smooth” the output of
the solar facility. For example, when a cloud casts a shadow on the solar
panels, the advanced battery system and smart grid technology
immediately dispatches energy to fill the gap created by the cloud

e The PCS is be composed of:

(0}

O O O 0O ©°

(0]

1 x 0.75 MW bi-directional Grid-Tied Inverter (designed for a 1MW rating);

1 x 0.5MW bi-directional DC Converter for the Smoothing Battery System;

1 x 0.25MW bi-directional DC Converter for the Shifting Battery System;

A main AC breaker for protection and provision of DC contactor functionality;

A DC capacitor pre-charge circuit;

An AC filter for the inverter output and DC filters per battery input with an option
for AC EMI filters;

Inverter controls and protection by a digital processing unit (INV DPU) for the
Inverter and each controllable set of DC Converters, and

480 VAC power circuit.

e Ecoult Battery Management and Monitoring System

e Battery Power Conditioning System

e Data Acquisition and Control System collecting 220 points at minimum every second

including

(0]

o
o
o

Solar field metrology

Solar field string monitoring

Battery system monitoring and control
PCS system monitoring and control

17
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0 PMUs for both the site feeder and battery system with data capture ability at 30
samples per second

0 Separate, 1 second interval utility grade metering on the PV, Battery and overall
site

O Secure gateway managing point collection and protocol translation (MODBUS —

DNP3)

Secure 2 way communication to PNM'’s Distribution Operations

Secure fiber connection to PNM’s Data Center

Secure partner access to fielded equipment

O O O O

Back Office OSlIsoft® Pl database with real time access through a Sharepoint
portal
0 Plto Pl functionality to share data with Project Partners
e Automated distribution system switching allowing the site to change configuration from
“end of feeder” to “beginning of feeder” in terms of location of the distributed resource
to allow evaluation of impact of energy storage at different locations on a grid

The system is laid out in a grid/isle fashion to minimize overall footprint and allow for efficient
and safe access for maintenance and operation activities. Figure 2 details the overall plot plan
including a 500kW Solar PV Plant (Not funded by DOE) installed concurrently with the DOE
project. Figure 3 details the layout and dimensions of the battery system

18
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Figure 4 - Battery Layout Plan

The system one line diagram is provided in Figure 4 below. The electrical configuration of the system
includes two inverters with two inverters, one serving the PV system and the other engrained in

the battery PCS, see Figure 5. Both inverters feed the secondary side of a single dual core
12.47kV/480V transformer. Preference would be for one inverter with a common DC bus serving
the PV and Battery system but grounding issues precluded this feature. The Battery System One
Line Diagram is shown in Figure 6, below, which details the mater/slave relationship between the PCS
and the BESS, which shows the master/slave relationship to the BESS.
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Figure 6 - Battery System One Line Diagram

Figure 7 below shows an aerial view of the plant (looking south) with the battery placed adjacent to

the PV system. Note the large parking/staging site. This was required to accommodate the

unloading of the battery containers, containers. For details, refer to the Transportation

Considerations section below.
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Figure 7 - PNM Prosperity Energy Storage Project - Aerial View

2.3 Data Acquisition System

The Data Acquisition system diagram, see

Figure 8, shows the system architecture and devices. The gateway is made up of a Cooper SMP
with two Network Interface Cards (NICS). One takes 220 points from each device and sends to
the back office for analysis every second with a time stamp from the GPS. The other NIC takes
all points available from each device and reads into the gateway at sub-second intervals or
when there is a change in value of the signal of each device. The gateway takes the protocol of
each device and translates it into DNP3 protocol for back office analysis. The Gateway has the
ability to process other protocols such as IEC61850. There are 12 devices on the master side
behind the gateway’s firewall. Each is described below along with its corresponding sub system.

2.3.1 Master Devices:
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10.

11.

12.

Intelliruptor (S&C Pulsecloser). Function: 3 Phase protective Device for utility
Distribution Operations control for system protection. Media is over fiber to a Dymac
converter to RS-232. Data is sent to Gateway over a DNP3 protocol

Single Phase Meter (Veris Industries E50C03)Function: To monitor voltage, power,
amps, etc. from the Auxiliary load of the energy storage facility. Media is over an RS 485
and data is sent to the gateway over a MODBUS protocol

Carlo Gavazzi String Monitors — Function: 6 monitors for 166 string voltage and currents
from solar panels. Media is a RS-485 and data is being sent to the gateway over a
MODBUS protocol

PMU (SEL 451) — Function: Phasor Measurement unit for secondary metering of the
sytem (PV & Battery functions). Media is over Ethernet and data is sent to the gateway
30 samples per second to the gateway over a IEEE C37.118 protocol

PMU (SEL 351) — Function: Phasor Measurement unit for the Primary Meter data or
total system output. Media is over Ethernet and data is sent to the gateway 30 samples
per second to the gateway over a IEEE C37.118 protocol

ION Meter 8600 meter (PV Meter) — Function: Recording voltage, Amps, KW, Kwh, etc
for the PV system output from the inverter (AC). Media is over Ethernet and data is sent
to the gateway in DNP3 protocol.

ION Meter 8600 meter (Battery Meter) — Function: Recording voltage, Amps, KW, Kwh,
etc for the Battery system output from the PCS inverter (AC). Media is over Ethernet
and data is sent to the gateway in DNP3 protocol.

ION Meter 8600 meter (PM Meter) — Function: Recording voltage, Amps, KW, Kwh, etc
for the total system output from 12.47kv side of transformer. Media is over Ethernet
and data is sent to the gateway in DNP3 protocol.

Advantech. BESS (Advantech UNO-3082) — Function: Battery controller, where the
algorithm and control signals (analog) are sent for system functionality. Media is over
Ethernet and data is sent and received to the gateway in DNP3 protocol.

Subsystem of the BESS: S&C HMI (Matrix MXE-1010). Function: Designed to receive
the commands and communicate status to the BESS. Media is over Ethernet between
the BESS and HMI in MODBUS protocol.

S&C HMI (Matrix MXE-1010). Function: virtual connection for S&C & PNM for system
monitoring and remote Diagnostics. Two token authentication and 3 firewall passwords
for virtual connection into HMI device. Media is Ethernet and no protocol for data
transmission to the gateway.

Sunny Webbox (SMA TUS102431): Function: A central communication interface that
connects the PV Plant and the operator through a virtual connection for system
monitoring. Two token authentication and 3 firewall passwords for virtual connection
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into Sunny Webbox. Media is over Ethernet and data is sent and received to the

gateway in MODBUS protocol.

a.

® oo o

Micrologger (CR3000 Campbell Scientific. Inc.): Function: take all inputs from
Met Station, Pyranometer, and Temperature sensors. (Wind speed, irradiance,
temp, etc). Media is over Ethernet and data is sent to the gateway in MODBUS
protocol.

Subsystems of Micrologger:

Met Station (RH, Temp, Wind Speed, Irradiance)

5x LI-COR Pyranometer

5xTemperatore Sensors
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2.4 Human Machine Interface Systems

2.4.1 PI Data Base

PNM'’s Pl system is a suite of OSI Soft software solutions that support real time information
gathering for subsequent analysis. The system can gather information from multiple external
data sources, and stores the raw information in the data historian. t PNM’s project gathers
information from the DNP3 interface that collects all site information using the DNP3 protocaol,
the IEEE C37.118 interface that collects all site data using the IEEE C37.118 protocol. The system
is capable of expanding to collect other data from sources such as internet weather data and
system data from PNM operational systems. The Pl Interfaces provide high-speed, fault
tolerant data links from the field systems to the Pl system.

Pl data is being shared with project partners using Pl to Pl interfaces, currently populating OSI
Soft Pl servers at partner sites in real time. Current interfaces are operational between PNM
and Sandia National Labs, PNM and Northern New Mexico College and PNM and the University
of New Mexico.

The raw data is being transformed into operational intelligence through other applications in
the Pl software suite through applications such as Pl Process Book, Pl Datalink, and PI
Webparts. Pl Process Book provides a graphical environment in which to display data in real
time. Pl Datalink automates the retrieval of Pl data into Microsoft Excel to use in calculations,
analysis, and graphs. Pl Webparts provide a tool for visualization in a web environment.

The integration into Microsoft Sharepoint, allows users to view real time data and calculations
of multiple applications and data sources into one web environment. Lastly, Pl Advanced
Computing Engine provides an environment to create complex calculations and schedules with
data stored in the Pl Server. This allows users to write modules using Visual Basic to provide
more capability than is available directly within the core OSI Soft programs, making for a much
more powerful and flexible system. The Pl suite of software addresses data security as well
across the enterprise by allowing specific, administrator-designed permission levels down to
the point, asset, or event frame allowing only authorized users access to data that they are
authorized to view.

2.4.2 Information Portal

PNM'’s informatio