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Introduction to MESA Alliance 
and MESA-DER
The Modular Energy System Architecture (MESA) Standards Alliance is 
an industry association comprised of electric utilities and technology 
suppliers dedicated to providing interoperable communications for DER 
systems and DER devices.



MESA Membership

MESA-DER Workshop 410/10/2023

MESA Members 2022-23
A full listed of members and partners is available at 
www.mesastandards.org/members 

Salt River 
Project

http://www.mesastandards.org/members


MESA’s Mission
MESA’s mission is to accelerate the 

interconnection of Distributed Energy 
Resources (DER) through the development 

of interoperable communication 
specifications, based on well-established 
standards that meet the specific needs of 

utilities and DER integrators. 

MESA-DER’s focus is on using 
DNP3 with IEC 61850-7-420 data 

models for interoperability to 
meet IEEE 1547, IEEE 2800, and 
energy storage requirements

10/10/2023 5MESA-DER Workshop



MESA-DER Focus on Interface #1, #2, #4, & #10 (DNP3 for SCADA) and
MESA-Device/SunSpec on Interface #12 (Modbus for Storage Devices)

MESA-DER Specification
The MESA-DER Specification provides standardized and 
interoperable communications language using the IEC 61850 
information Model mapped to specific DNP3 (IEEE 1815) data 
points, thus ensuring both utilities and DER vendors have 
precisely the same understanding of the meaning of these data 
points.  

This MESA-DER Specification meets the IEEE 1547 functional 
and interoperability requirements and is specified in IEEE 
1547.1 for the interoperability testing of DNP3. MESA-DER also 
supports many additional functions, such as AGC, Generation 
Following, Load Following, Set Active Power (base load), Peak 
Power Limiting, Operational Reserve, and Coordinated 
Charge/Discharge for storage. 

MESA-DER can be used for interactions among the various 
“stakeholders”, including the SCADA system (distribution 
and/or transmission) operator, the balancing authority, DER 
facility energy management systems, interactions between 
DERs within a facility, response to power market requirements, 
inter-DER markets (e.g., generation following of a PV plant by a 
storage plant), virtual DER plants, microgrids, etc.). 
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Status 2023: Integration into IEEE 1815.2

IEC 61850-7-420 Data Object 
Model, including Operational 

Functions, DER Equipment 
Nameplate, Status, Settings, 

Setpoints, and Power 
Management Capabilities

IEC 61850-7-420 Additional 
Operational Functions – Not 

(yet) in MESA-DER

IEC 61850-7-420 Grid Code 
Functions – in IEEE 1547 & 

MESA-DER

IEC 61850-7-420 Market-Based 
Functions –  in MESA-DER

IEEE Std 1815 (DNP3) Protocol 
Standard (identified as one of the 

DER protocols in IEEE 1547)

IEC 61850-7-420 Semantics, MESA-DER Specification, MESA-DER Spreadsheet, and DNP3 Application Note 
Integration into IEEE 1815.2

IEEE Std 1815.1 Mapping of IEC 
61850 Common Data Classes to 

DNP3 Structures

Identified, but not generally 
implemented yet

IEC 61850-7-420 Energy Storage 
Data Objects – in MESA-DER

IEC 61850-7-4 Scheduling for 
Operational Functions – in 

MESA-DER

DNP3 protocol

Semantics

Specifications

Copyright: Xanthus Consulting International

MESA-DER Electronic Source (PICS 
Spreadsheet) for Testing 

Standardization

DNP3 Application Note-2018: Mapping of 
IEC 61850-7-420 Data Objects to Specific 

DNP3 Data Points 

MESA-DER Specification, Referencing DNP3 
App Note, with additional requirements 

IEEE Std 1815.2 Document: 
Standard Profile for 

Communications with Distributed 
Energy Resources (DER) using IEEE 

Std 1815 Distributed Network 
Protocol (DNP3)

IEEE Std 1815.2 Spreadsheet:
IEEE 1815.2 Electronic Source as 

Normative Standard

IEEE Std 1815.2 

MESA-ESS 
Preliminary 

Specification 
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• IEEE PSCC P15 WG, with major support by MESA and the DNP User Group is developing the draft IEEE 1815.2
• Draft is being reviewed by the P15 WG
• Next Step is Balloting – probably around September 2023



MESA-DER: 21 Functions
 Low/High Voltage Ride-Through

 Low/High Frequency Ride-Through

 Dynamic Volt-Watt Function

 Frequency-Watt Function (Droop)

 Limit Active Power Function

 Volt-Watt Function

 Constant VArs Function

 Fixed Power Factor Function

 Volt-VAr Control Function

 Watt-VAr Function

 Dynamic Reactive Current Support

 Charge/Discharge Function (Set Active Power)

 Coordinated Charge/Discharge Function

 Active Power Response Function #1 (Peak Power Limiting)

 Active Power Response Function #2 (Generation Following)

 Active Power Response Function #3 (Load Following)

 Automatic Generation Control (AGC) Function

 Active Power Smoothing Function

 Frequency-Watt “Curve” Function (Artificial Inertia, Fast 
Frequency Response, etc.)

 Power Factor Correction Function

 Pricing Function

 Scheduling

10/10/2023 8MESA-DER Workshop

IEEE 1547.1 Functions (Via NRTL Test Tools) Additional MESA Functions



Interoperability and Communication 
Concepts for DER

Communication concepts required for Interoperability (the ability of 
computer systems or software to exchange and make use of information. 
"interoperability between devices made by different manufacturers“)

Why more than one protocol? Strengths and Weaknesses
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Communications Architecture: Utility, Aggregators, 
DER Facilities, DER, and Gateways

Utility  
Gateway:  

Security, 
Protocols, 
Monitoring, 

Control, 
Schedules

Utility DERMS: 
Manages DER-related 
information and energy 
management functions

Utility Energy Market: 
Ancillary Services, 
Efficiency Services, 

Environmental Services

Aggregator 
Gateway: 

Security, Protocol 
Conversion, 
Monitoring, 

Control, 
Scheduling

IEEE 2030.5 or IEEE 1815.2 (DNP3) 
or IEC 61850

IEEE 2030.5 or IEEE 1815.2 (DNP3) 
or IEC 61850

SunSpec Modbus or IEEE 
1815.2 (DNP3) or IEC 
61850 or Proprietary

Direct Utility Real-time Control: IEEE 1815.2 (DNP3) or IEC 61850

SunSpec Modbus or 
IEEE 1815.2 (DNP3) or 

IEC 61850 or Proprietary

Facility or Plant 
Gateway:  

Security, Protocol 
Conversion, 
Monitoring, 

Control, 
Scheduling

Utility – DER Information Architecture, with Gateways for Security and Communications between Different Organizations
Utility TSO or DSO 

SCADA

Utility Energy 
Management 

Applications: Power 
Flow, Contingency 

Analysis, Generation 
Management

Facility or Plant Control 
System (PCS):

Manages mandatory grid 
services, market-based 

functions, DER resources, 
and emergency services

Aggregator Management 
System: Virtually manages 

mandatory grid services, 
market-based functions, DER 

resources, and emergency 
services

IBR and DER 
Plants for Grid 

Support

Individual 
DER, 

including EVs

Behind-the 
Meter DER, 

including EVs

Copyright Xanthus Consulting International

IBR = Inverter-Based Resource
DER = Distributed Energy Resource
DERMS = DER Management System

Metering Advanced Metering Infrastructure (AMI) Facility Meter /  Point of 
Common Coupling (PCC)

Purple = Most Commonly Used Protocol

DER Owner/OperatorIEEE 2030.5 or IEEE 1815.2 
(DNP3) or IEC 61850
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Any media: wire, coax cable, fiber optic, radio, wireless, cellular, LAN, WAN, the Internet

IEC 61850-8-1 & 
8-2 MMS over 

XMPP

TCP/IP, UDP, 
GOOSE, 
Sampled 

Values, Ethernet

IEC 1815 
(DNP3) or 

IEC 60870-5-
101/104

TCP/IP UDP
DNP3 Link 
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TCP/IP 
Ethernet

TCP/IP 
Ethernet

Web Services

IEC 61850-7-4 & 
7-420 for DER  

Equipment 

IEEE 1815 
(DNP3) or 

IEC 60870-5-
101/104 

IEC 61968/70 
CIM or 
NRECA 

MultiSpeak 
for Grid 

Applications

ANSI C12.19 
or DLMS 

Model

ANSI C12.22 
or COSEM

ANSI C12.18, 
C12.21
Other

ANSI C12 or 
IEC 62056 
Metering

IEC 61970 
CIM or 

MultiSpeak 
Information 

Model

Standards for Information Models and Protocols for DER

IEC 60870-6 
TASE.2 
(ICCP)

Basic 
Objects with 
Mapping to 

MMS

Bilateral 
Tables for 

Access 
Control

SunSpec PV 
& IEEE 1547 
Data Objects

TCP/IP 
Ethernet

Modbus with 
TCP

SunSpec 
Modbus for 

PV, based on 
IEC 61850-7-

420

TCP/IP 
Ethernet

IEEE 2030.5 
messages 

over RESTful 
HTTP Web 
Services

IEEE 2030.5 
for DER, 

based on IEC 
61850-7-420

IEEE 2030.5 
DER Data 

Model, plus 
Home 

Automation 
Models

IEC 62746-10-1 
OpenADR 
Demand 

Response

Demand 
Response 
Prices for 

Loads

Mappings to 
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TCP/IP 
Ethernet
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CIM Messages 
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Messages

IEC 61850 
Functional 

Profiles for IEEE 
1547, Data 
Object and 

Service Models 
for Substations, 

DER, Plants, 
DA, Microgrids, 

etc.

IEC 1815 
DNP3

TCP/IP UDP
DNP3 Link 
Ethernet

MESA-DER 
Specification 
mapping of 

IEC 61850 to 
DNP3 

MESA Mapping 
of IEC 61850-7-
420 Functions 

to DNP3;
Mapping of IEC 

61850-7-3 
CDCs in IEEE 

1815.1 

Copyright Xanthus Consulting I nternational

GWAC Stack

Bits-and-Bytes 
Protocols

Abstract 
Models and 

Profiles

Policies and 
Procedures

UML Models and 
Profiles based on 
Business Context

Semantic Information 
Models

Business Layer

Function Layer

Information 
(Semantic) Layer

Communications 
(Application and 
Syntax) Layer

Component 
(Physical) Layer

SGAM

UML Models and 
Profiles based on 

Business Procedures

Communications 
(Transport) Layer

OSI & UML

DER Communications: Comprised of Layers, Including 
Semantic, Syntax, Application, and Transport Layers
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MESA-DER Spreadsheet Contents and 
Layout

Section 3
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DER can be simple or complex

DER Unit 5
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DER configurations include prime movers, 
inverters, transformers, controllers, meters, 
switches, PoC, and PCC



Overview of MESA-DER Functions in IEEE 1815.2
Function Brief Description Document Section DNP3 Points Range

Monitored Data
Nameplate data Factory-related DER data See Table 2 for details AI0-AI23;
Configuration data Configuration of DER

Which functions are supported
-

AI24-AI31; AO0-AO2
BI31-BI51;

Operational Settings Installation-related DER data
Which functions are enabled
Enable functions commands

See Table 2 for details AI32-AI49; AI62-AI68;
AO3-AO6; AO18-AO19;
BI64-BI85; BO12-BO33;

Counters Counters for meters AI69-AI70; AO20-AO21;

Alarms Alarms from DER BI0-BI9; BI94-BI106;
State State of DER BI10-BI30; BO0; BO3-BO11;

Protection BI52-BI63;
Basic Functions Section 6.3
Connect/Disconnect Cause the DER to electrically connect or disconnect at the DER’s Point of Connection 

(PoC) or at the facility’s Point of Common Coupling (PCC).
Section 6.3.1 AI60-AI61;

AO16-AO17;
Cease to Energize/Return  to Service Cause the cessation of active power delivery, used primarily in voltage or frequency 

ride-through situations. Return to service allows the DER to start active power delivery, 
if permission is granted.

Section 6.3.2 AI50-AI59;
AO6-AO15;
BO1-BO2;

Voltage Ride-Through Allows voltage excursions from the normal range to be tolerated for specific voltage 
excursion levels over specific lengths of time.

Section 6.3.3 AI71-AI76;
AO22-AO26;

Frequency Ride-Through Allows frequency excursions from the normal range to be tolerated for specific 
frequency excursion levels over specific lengths of time.

Section 6.3.4 AI77-AI82;
AO27-AO31;

Active Power Functions Section 6.4
Charge/Discharge (Set Active Power) Manages the charging and discharging DER, typically storage, by setting specific active 

power outputs or inputs for the DER.
Section 6.4.1 AI150-AI162; AO89-AO101;

BI90; BO38;
Active Power Limit Active power generation and/or consumption are limited. Usually, this limit is applied 

at the Point of Common Coupling (PCC) although it may be applied at any DER’s Point 
of Connection (PoC).

Section 6.4.2 AI142-AI149;
AO82-AO88;

Frequency-Watt Active power is modified based on frequency. Usually used for imitating the “droop” of 
mechanical generators or motors, but can be used for other purposes, depending on 
the settings.

Section 6.4.3 AI115-AI141; AO57-AO81;
BI86-BI87; BO34-BO35; 1410/10/2023



Structure of the MESA-DER Spreadsheet

Grouping of points
• SCADA

o Configuration
o Functions
o Curves for functions
o System meter

• Scheduling points
• Historical points
• Vendor points

Indexing
• SCADA start at DNP3 point zero (BO0, BI0, AO0, AI0) (no gaps in DNP3 points)
• Gap #1 reserved for future SCADA extensions
• Schedules (SCH) start at DNP3 point 2000 (BO2000, BI2000, AO2000, AI2000)
• Gap #2 reserved for future scheduling extensions
• Historical Points start at DNP3 point 5000 (BO5000, BI5000, AO5000, AI5000)
• Gap #3 reserved for future historical point extensions
• Vendor points (VP) start at DNP3 point 50,000 (BO50000, BI50000, AO50000, AI50000)



Configuration Binary Outputs: DNP3 Point, 
Description, IEC 61850 Unique String, etc.
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Configuration Analog Inputs
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Functions: Active Power Limit

10/10/2023 18

Steps for initiating an Active 
Power Limit function are 
described in the DNP3 App Note 
(IEEE 1815.2)

Spreadsheet of the DNP3 
points, the full description, 
the min/max values, the IEC 
61850 Unique String, 
purpose, inclusion in IEEE 
1547



Functions: Frequency-Watt (Droop)
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Frequency-Watt
• Priority
• Enabling time window or ramp
• Meter Id used for measurements
• Frequency reference input
• High starting frequency
• High stopping frequency
• High generating (discharging) gradient
• High charging gradient
• {Low data points}
• {Etc.}



Functions: Peak Power Limiting, Load Following, Generation Following

Generation (e.g. 
Storage) Following 

Load 
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n 
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en
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n

Load (Consumption)

FolWThr: Threshold 
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FolWTgt: Active power target for Load Following

Time

Storage Consumption

Ac
tiv

e 
Po

we
r

C
on
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m

pt
io

n 
---

 G
en

er
at
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n

Time

FolWThr: Threshold for 
Generation Following

PV Generation

LN DWFL: Net Active Power Threshold for 
Total Generation
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Peak Power Limiting

PV Generation Following by Storage

Load Following by Generation



Synthetic Inertia (new)

This Synthetic Inertia procedure uses a 
simplified df/dt approach by defining a 
Synthetic Inertia Derivative Factor in 
%W/Hz/s to describe the active power 
response to a change in the Rate of 
Change of Frequency (ROCOF).
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DNP3 Structures for BI, BO, AI, and AO



Management of Curves and 
Schedules



Association between Curves and Functions
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Schedule Structure

10/10/2023 25

Schedule Description:
• Identity
• Priority
• Function being scheduled
• Start date & time of 

schedule
• Repeat interval
• Validation status
• Number of points in 

schedule (up to 100)
• Sched Pt [1]Time offset
• Sched Pt [1] Value
• Sched Pt [2]Time offset
• Sched Pt [2] Value
• Etc.Scheduled Day 

of the Week



Mechanism for Updating Schedules (and Curves)
To enter or update a schedule:
• Select the schedule to be modified
• Update the selected schedule
o Identity
o Priority
o Function being scheduled
o Start date & time of schedule
o Repeat interval
o Days of the week
o Validation status
o Number of points in schedule 
o Up to 100 pairs of time offsets and 

values
10/10/2023 26



Example of Scheduling Active Power Limiting
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Combining Schedules
 Example of MESA-DER Scheduling of Operational Functions for a PV Plus Storage Plant

(8 Minute Energy)

Combination of schedules can 
achieve the desired output while 
making optimal use of PV plus 
storage capabilities

• The Peak Power Limiting 
function can be used to with 
high priority to ensure P-Limit 
is maintained at the PCC

• Active Power Smoothing 
ensures smooth transitions

10/10/2023 28



Testing: Profile Conformance and 
Functional Testing using DNP3



MESA-DER (IEEE P1815.2) Testing and Certification Process

MESA-DER Profile 
Communications

MESA-DER Functional 
Testing per IEEE 1547.1 

and MESA-DER Functions 
Commissioning

A  “one-stop-shopping” MESA-DER (IEEE P1815.2) UL-managed NRTL Testing and Certification Program 
for DER and/or Plant Control Systems

MESA-DER Factory Acceptance Testing 
(FAT)/Commissioning Test:
These evaluations shall be performed on-site by qualified 
personnel as required by Designated Certification Body
o Prerequisite: MESA-DER Profile Communications 

Certification
o Requires: MESA-DER Functional Testing per IEEE 

1547.1/UL 1741 SB
• Verifies: 1547.1 Functions using DNP3 with MESA-

DER Profile:
• Requires: Passing 1547.1/UL 1741 SB NRTL test 

using DNP3
• Recommended: Additional MESA-DER (IEEE 

P1815.2) functions beyond those in IEEE 1547-2018

MESA-DER (IEEE P1815.2) Profile Communication 
Test: Verifies Communications Protocol Conformance:
o Requires: Passing the Triangle Microworks’ MESA-

DER test tool: Mandatory MESA points plus specific 
Modes and Functions called out in PICS

o Recommended:  DNP3 protocol certification 

MESA-DER (IEEE P1815.2) Functional Test 
of IEEE 1547 functions:
Verifies Functional Performance:
o Prerequisite: MESA-DER Profile 

Communications Certification
o Requires: MESA-DER Functional Testing 

per IEEE 1547.1/UL 1741 SB
• Verifies: 1547.1 Functions using DNP3 

with MESA-DER Profile:
• Requires: Passing 1547.1/UL 1741 SB 

NRTL test using DNP3



MESA-DER Spreadsheet for Profile Conformance Testing 

Columns added to spreadsheet for Equipment under Test (EUT) Capabilities, 
to be filled out by vendor

Triangle Microworks MESA-DER tool validates the EUT per this spreadsheet
10/10/2023 31



Plant Control Systems will use “Reference” Battery Energy Storage System, Inverter, and Meter which may be MESA-Device compliant

DER Unit Controller is tested at the NRTL or at the facility

MESA-DER (IEEE P1815.2): UL-Managed Testing of Communications plus Functions for 
Plant Control Systems & DER Unit Controllers

• Triangle Microworks, Inc. (TMW)
• QualityLogic, Inc. (QL)
• Nationally Recognized Testing Laboratory (NRTL)
• Underwriters Laboratories (UL)

• Note: Reference BESS, inverter, and meter will be MESA DEVICE Compliant.  
Translation may be used if SunSpec Modbus 200, 700 & 800 Models are not 
currently available for the device at the time of testing.

• Since Plant Control Systems may communicate with many inverter types 
with different protocols, we require they at minimum communicate via 
SunSpec Modbus/MESA-Device internal to the “plant”.  

Utility or Aggregator 
ADMS, DERMS, 
SCADA Master

DER Unit Controller: MESA-DER (IEEE P1815.2) Profile and IEEE 1547.1 
/ UL 1741 SB Testing and Certification

Plant Control System

Reference 
Battery Energy 
Storage System

(700, 800 
Model)

Reference 
Inverter only
(700 Model)

Nationally Recognized Testing Laboratory (NRTL)

Plant Control System: MESA-DER (IEEE P1815.2) 
Profile and IEEE 1547.1 / UL 1741 SB Testing and 
Certification (UL 1741 SE for PCS and Scheduling)

Sunspec Modbus via MESA-DEVICE (200, 700, 800 Series Models)

M Modbus Meter (200 Model)

Integrated DER 
Unit Controller 

Proprietary 
Comms

3210/10/2023MESA-DER Workshop



Functional Tests for MESA-DER Functions Not Covered in IEEE 1547.1

Table of Contents
1 OVERVIEW 3
2 NORMATIVE REFERENCES 3
3 DEFINITIONS, ABBREVIATIONS, AND ACRONYMS 3
4 GENERAL REQUIREMENTS 3
5 TYPE TESTS FOR MESA-DER FUNCTIONS 4
5.1 General 4
5.2 Priority of responses 5
5.3 Temperature stability 5
5.4 MESA-DER Common Parameters for the Management of Functions 5
5.5 Charge/Discharge Function (Set Active Power) 8
5.6 Coordinated Charge/Discharge Function 9
5.7 Peak Power (Import) Limiting (Active Power Response Function #1) 11
5.8 Generation Following (Active Power Response Function #2) 13
5.9 Load Following (Active Power Response Function #3) 16
5.10 Scheduling 18
5.11 Automatic Generation Control (AGC) Function 25
5.12 Active Power Smoothing Function 25
5.13 Frequency-Watt “Curve” Function (Artificial Inertia, Fast Frequency 
Response, etc.) 25
5.14 Power Factor Correction Function 26
5.15 Pricing Function 26

Need support from 
MESA members and 

testing experts to 
complete this MESA-

DER Testing document 
… ??
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MESA Membership



MESA Membership

Read more about MESA’s membership options 
at http://mesastandards.org/membership/ Membership Fee:

Offers entry into working groups and 
committees
Members can be elected to the Board of 

Directors
35

Discretionary Allocation to Technical Priorities:

 Variable depending on organizational technical 
priorities

 Fees can be directed toward a specific project

2022 Membership Options:

Standard (Companies with revenue > $1M): $5,000

Small Business (Companies with revenue ≤ $1M): $3,000

MESA/SunSpec Joint Modbus Membership: $8,000

Individual/Strategic Partner: $1,000

Student: $350

2022 Technical Allocation:

$5,000+ focused on MESA-DER testing and certification 
program development

Membership Contact:
info@mesastandards.org

http://mesastandards.org/membership/
mailto:info@mesastandards.org


Questions?
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