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and Distributed Energy Resources
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EnergylP DEOP — DES Performance Monitoring and

. o SIEMENS
Decentralized Energy Optimization Ingemaity for Uife
for PV Plants, Wind Parks, Commercial Centers, Campuses and Microgrids

Transparency & ,J‘ DER Performance OTJ[ Micro-Grid
Energy KPIs A Monitoring = Optimization
— Geo/Energy/Tech navigation — Generation forecast of PV/Wind — Simple rules based load
— Support of geo maps based on weather forecast data management
— Electric/Thermal/Gas — Performance monitoring vs. — Self-consumption optimization
monitoring historical data / benchmark (Load+ Battery +PV)
— Dashboards & Reporting — Financial reporting — Optimal Scheduling based on
— Alarming based on triggers and units constraints & costs

KPIs

_ T
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SIEMENS

High Level System Architecture ety for tfe

HMI: web / mobile applications

Monitoring of multiple asset types

Grid, building, generators, storage, loads,
sensors, actuators

Several connectivity options
MQTT as primary communication protocol.

Backend Services on EnergylP / MindSphere

Gateway on cloud or on premise.

| $ 4+ MQTT Support of wide range of protocols: IEC-104,
¢+ DEOP Gateway IEC-61850, MODBUS, OPC UA
10
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Integration with Siemens Portfolio
PSS DE simulation tool for Distributed Energy

@ o o e = o o ¥4 ol ¥ System
) Field assets Building Management Smart
Micro Grid SCADA System SICAM MG Controller

meters

Ecar OC for EV infrastructure management
: B E =

Desigo CC for Building Management
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Transparency & Energy KPI Analysis

Real-time monitoring
Geo/Energy/Tech navigation
Support of geo maps
Electric/Thermal/Gas monitoring
Environmental sensors
Third system data from other
systems to correlate

Reporting
Electric/Thermal/Gas Reporting
Energy Consumption/Cost by Site,
Sub-sites/Areas, Usage Groups, ...
Energy vs. Variables (normalization)

Unrestricted © Siemens 2020
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Alarming — based on triggers

Alarm
Warning
Fault
Anomaly
Information

SI DG MG



Transparency & Energy KPI Analysis
\ Reporting

Available reports:

= Energy Consumption/Cost by Site

= Energy Consumption/Cost by Sub-sites/Areas
= Energy Consumption/Cost by Usage Groups

DEOP for Energy Cost calculation supports:
= Energy Tariffs

= Dynamic Energy Curves

Unrestricted © Siemens 2020
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Performance monitoring & DES Management

Generation forecast
Algorithm is based on weather forecast
data and basic Generator data
PV & Wind
Algorithm runs every 24h and provides
72h forecast curves

Financial Reporting
Consumption and Production
forecasting
Different scenario adjustments
suggestion

Unrestricted © Siemens 2020
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Performance monitoring vs.
historical data / benchmark

Comparison of historical data with real
time data to verify simulation and
business plan sustainability / vendor
declared data

SI DG MG



Performance monitoring & DES Management SIEMENS

\ Reporting lngenuity for life
Specific performance reports for: R

" PV park ® mr ey —
= Wind park |

= Programmable Generation: Diesel, CHP o

= Storage: electric and thermal
= Building: electric and thermal load
= Micro-Grid

il
a4k 1

SI DG MG
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Micro-Grid
\ DES Optimization & Energy efficiency

Load Management
Simple Rules based engine for
managing loads depending on scenarios
(calendar) or operating modes

Micro-Grid integration

Integrate MG local controller for
primary/secondary MG
supervision and control
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Algorithms Engine
Generation Forecast
Load Forecast
Unit Commitment
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Micro-Grid SIEMENS
\ Micro-Grid Control Integration lngenuity for Life

HMI: web / mobile applications

EnergylP DEOP
* Micro-Grid performance monitoring

* Optimal scheduling
Backend Services on EnergylP / MindSphere * Optimal set-points curves

SICAM MG Controller
Primary / Secondary control
Black-Start

Network synchronization

SICAM MG Controller
Operator Station (optional) SICAM MG Controller

— —_— Setpaints —

SICAMSCC lﬁ SICAMTM
'- «
1 1., | |

Load=s Storage Systems Renewahles Conventional Generation
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Micro-Grid
\ E-Car OC Integration

-0
A 2

E-Car OC

%nergyIP DEOP & E-Car OC backend on cloud

Unrestricted © Siemens 2020
Page 12

SIEMENS
lngenuity for tife

EnergylP DEOP
* Monitors CUs consumption data

« Integrates CUs as controllable load in the
Micro-Grid management functionality.

« —>EnergylP DEOP may send power set-
point to control CUs consumption (1)

E-Car OC

+ CUs infrastructure management
« Contracts & Services

» Clearing & Roaming

—>Any CU created in the E-Car OC is
automatically available in EnergylP DEOP (2)

—>E-Car OC sends CUs measures are status
information to EnergylP DEOP (2)

SI DG MG



Micro-Grid Optimization SIEMENS
\ Unit Commitment Algorithm lngenuity for Life

= Each Unit is modeled in terms of technical
characteristics (power, performance curve, etc...) and

Supported Micro-Grid Units:

In terms of constraints (start-stop limits, etc...) Electric Load
= Each Unit is modeled in terms of economics
characteristics (cost curve per hour or tariffs plans) Programmable Generator (Co-

Generator, Gas, Diesel)

= Qutput: forecast/planned Cost curves for each Unit for
the next 24h Renewable Generator (PV, Wind)

= Qutput: programmable generators set-points (power)
for the next 24h
= Output: storage set-points (power) for the next 24h Charging Unit

Electric Storage

= Algorithm can be executed every 1-4-8-24 hours Grid

Unrestricted © Siemens 2020
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Micro-Grid Scenario #1

SIEMENS

PV + Battery + Load, Self-consumption maximization & Peak leveling lngenuity for Life

PV

Production measure / production
forecast

Load

Consumption measure / consumption
forecast

Battery

Power set-point
Grid

Maximum power
Unit-Commitment

Algorithm shall calculate the Battery
set-points curve that maximize the PV
production self-consumption respecting
the maximum power constraint

Unrestricted © Siemens 2020
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Micro-Grid Scenario #2

PV + Battery + Charging Unit, self-consumption maximization & Peak

leveling — integration with E-Car OC

Charging Unit

» 9% Battery / Energy required

« Time (optional, if not best effort)
« Consumption measures
Unit-Commitment

Algorithm shall calculate the Battery
set-points curve and each CU re-
charge curve that maximize the PV
production self-consumption respecting
the maximum power constraint

Unrestricted © Siemens 2020
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E-Car OC

Local
BMS

Local
SCADA
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Micro-Grid Scenario #3

SIEMENS

PV + Battery + GenSet + Load + Charging Unit, Cost Optimization Iugohuffyfor&}fa

GenSet
» Technical constraints

» Cost constraints (fuel, startup,
shutdown costs)

* Production measures

Grid

» Technical constraints / Cost
constraints

* Fed-In/ Fed-Out measures

Unit-Commitment

Algorithm shall calculate the Battery
set-points curve, GenSet set-points
curve, and each CU re-charge curve
that minimize the operation cost of the
Micro-Grid
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Demand-Response & Aggregation

Demand-Response

Interface to TSO/Trader systems for
measures and forecasts

Definition of flexibility curves (up / down)
Management of flexibility requests from
TSO /Market

Aggregation

Aggregate multiple customers
Aggregated measures, forecasts,
flexibility curves

Manage and split flexibility
requests

Unrestricted © Siemens 2020
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Virtual Sites
Manage multiple production sites
Aggregated measures

Manage and split power requests set-
points

You may select a new curve to apply [ ]

fles-cliente-£1 2.5

Time of day

P MWIMNE: 0KW P AVE: 1.1 KW P MAX: 2 kw E. TOT 26 KWh

SI DG MG



Demand-Response & Aggregation
\ Integration with DEMS

Transparency and awareness

Efficiency and optimization

Monetization

SIEMENS

On site

SICAM Applications

Spectrum Power MGMS

i

)r

Web Apps

EnergylP DEOP

Digital Services powered by open loT
Operating System MindSphere

Network stability @ Measuring Monitoring/Reporting Archiving
goeson [G sowse PN ovmizea sy
Iﬁoaﬁ,dagemem z::\ll(ing \}”I Enhance sustainability “-'@\ ?oorz?:asting
g soors - B vomsacnens [N ot

Aggregator

EnergylP DEMS

Trading optimization and

ancillary services

Virtual Power Plant

Demand response

Load
forecasting

Market interaction

Energy
market

Cyber Security @
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EnergylP DEOP:

HTML

New Architecture

. mongo

NoSQL database

APl GATEWAY

Logging Service
Registry
-’
R
D!EOP DEOP
micro- .
. Trigger
micro- micro-
service service
D!EOP DEOP
i
DEOP DEOP
micro-
: Importer
DEOP service
micro- :
~
service S

§€ kafka |

stream-processing

kubernetes docker
orchestration | Software packages
| | |
@ Kube @ Kube @ Kube
Node Node Node
S laaS+ PaaS on Cloud On premise
3 amazon / Microsoft w
IS webservices" Azure vimware
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IEC 104
Gateway

IEC 61850
Gateway

MODBUS
Gateway

IP / serial

OPC UA
Gateway

IP: WS

SI DG MG



Architecture SIEMENS
\ Key Technologies lngenuity for Life

Micro-Services architecture based on node.js framework

Each service deployed as Docker package

Services orchestration based on Kubernetes

Each service exposes a RESTful API

Non relational database: MongoDB with Aggregation Framework
Inter-service communication based on Kafka

MQTT as primary data acquisition protocol

HTML5 web application — Sencha ExtJS

Page 21 SI DG MG



Connectivity SI,EMENS.
ngenaly forlite

DEOP Gateway — standard protocols

= MODBUS RTU/TCP

= |EC 104

= |EC 61850

= OPC UA

DEOP Gateway — interface with other applications
= Desigo Insight / Desigo CC
= Ecar OC

DEOP Gateway — supported HW

= Any standard PC running Linux Ubuntu

» |OT 2040 - available images for MODBUS

» SGW 1050 - available packages for MODBUS / IEC 61850

Page 22 SI DG MG
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EnergylP DEOP Gateway

To DEOP via MQTT

DEOP Gateway runs on nano PC running
Linux (e.g. SIMATIC 10T2040 or SGW
1050):

DEOP Gateway = Conversion from standard field protocols

T e W SEEUR (IEC 101, IEC 104, [EC 61850, MODBUS
ThC, MGDBUS RTU, ORC UA) 0 MQTT

010101010010110101010101071011010101071010100101071010110101071111001011111010071000111000111100000101010007100011100011110000011101000
0101010100101101010101010101101010101010100101010101101010111100101111107100100011100011110000010101000100011100011110000011101000

= Secure connection to cloud using MQTT
via SSL or TLS-PSK

= Local buffer to store data when
connection to cloud is not available

Unrestricted © Siemens 2020
Page 23 SI DG MG



Table of Content SIEMENS
Ihg,ehuffy‘for(ife
Introduction
Use Cases

|
1
l
|
2
l
|
3
l

SW Architecture & Deployment

Project References

Unrestricted © Siemens 2020

Page 24

SI DG MG



Project: Expo Milano 2015 SIEMENS
Energy cockpit integrating Smart Grid services: grid, buildings, e-mobility, Ingemuity for Uife
public lighting "

Customer Site information
Expo Milano 100 Substations

Mil Ital 300 Smart Meters
llan (ltaly) 1000 Room Automation devices

2015 20 Public Lighting concentrators
50 Charging Units

Functionality

Energy Transparency & KPIs
Energy Reporting

Energy Storage integration
Desigo integration

E-Car OC integration

Unrestricted © Siemens 2020
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Project: Campus Savona SIEMENS
Electric + Thermal Micro-Grid / Buildings / Electric Vehicles lngenuity for Life

Customer Site information
University of Genova 2 PV + 3 conc. solar

2 battery storages
Savona (Italy) 2 heat storages

2015 3 micro CHP
3 Charging Units

Functionality

Energy Transparency & KPIs
Energy Storage integration
SCC integration

Desigo integration

E-Car OC integration

Unrestricted © Siemens 2020
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Project: EnviPark Smart Recharge Island SIEMENS
Micro-Grid / Electric Vehicles lngenuity for Life

Customer Site information

EnviPark 1PV

: 1 battery storage
Torino (ltaly) 1 Charging Unit
2016

Functionality

Energy Transparency & KPIs
E-Car OC integration

Micro-Grid optimization: algorithm
that controls CU load in order to
maximize site self-consumption

Unrestricted © Siemens 2020
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Project: Enel Info+
Real time meter data / Mobile app for residential customers

Customer
Enel
L’Aquila (Italy)
2017

Functionality
Energy Transparency & KPIs

Development of ad-hoc Customer
Web Application for Enel residential
customers (consumer & prosumer)

Unrestricted © Siemens 2020
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Site information
> 1000 Smart Info

Consumer (1 meter)

Prosumer (PV — 1 meter)

SI DG MG



Project: Horizon 2020 Flexiciency SIEMENS

Eur n platform for ener rvi Flexibilit rvi for residential : :
uge(r)éoea platfo or energy services / Flexibility services for residentia Ingemuity for Uife

Customer
European Community funding
Enel, Endesa, Vattenfall,
Verbund
2016-2020

Site information
Enel Smart Info

Enel Energia Energy Box
Endesa Energy Box
Verbund Meter

ayors (OS50s and service providers) 1o offer and provide services
modules. softwars 1008, ot are localed

wh s
yers and Dc o u.! .r o cations Pr /sb al data translfer ( meters f\g dat software, oo ob
oo » platfos W from sendcs platfonm 1o

[ 1toN Frpwical (data iranster ’ o :-“‘:-.‘ " 9o e
y (retaiiery, agoregetors, ESCOs. softwure vendors edc
!
J
I

Functionality

Flexiciency Market Place and B2B
interface

Energy Transparency & KPIs
Local Control

Flexibility Services

- Energy efficiency service
* Maluring dets provisan et givest freguency

= Data analytios provison
= Flexieity tochnical vabdabon
* Data storage (hsiorical and real-tme)

+ Aggregston

- Baselne calculation

« Data Analytics, forocasting. ot

* Cumloman interface ordening data / sutmcripbon

.......................................
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Project: Horizon 2020 Sharing Cities
Lighthouse project — energy & environmental dashboard for the

municipality

Customer
European Community funding
Comune di Milano
2016-2020

Functionality

Energy Transparency & KPIs
PV plants

Building energy efficiency
Smart charging island

Unrestricted © Siemens 2020
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Site information
Meter data

Environmental data from LoraWan

sensors
Charging island for e-mobility (ecar &

G [ PEOPLE J //”

Citizen
engagement

‘ PLACE

Ene:
management

[ PLATFORM

k \ Urban sharing
) platform

Smart I-_mp posts

SI DG MG



Project: Sello

Integrated (building & energy) mall management for providing flexibility SIExE;ﬂf&R

services

Customer
Sello Mall
Finland
2018

Functionality

Flexibility Services
Demand management
Load management

Unrestricted © Siemens 2020
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Site information
DEMS
Desigo CC (0.6MW controllable load)
SIESTORAGE (2.2MW)
PV (0.8MW)
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Project: Platform for Italian MSD market SIEMENS

Aggregation & Flexibility services — real-time connection to the TSO . .
(Tgegr i ag) y Iv\g,eo\wfy for life

Customer
Edison, EGO, Energy Team
Italy
2018

Site information
Several sites connected via MQTT / IEC
104

Functionality
Real-time aggregation toward Terna R

i = iaaleaaaad — _ Setpeai
via IEC-104 £ | e
Aggregation and Flexibility Services [ tmdnmpimene
Unit commitment algorithm

i {7 por
SRSTEGERIIEBEFOIREIRIRIUIDEEGDIEIRIEEIITITEEORIErREETIRIzIiis
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DEOP SaaS — End-Customer vs. Service Provider scenarios
In both cases hosting & application management done by Siemens

— End-Customer

= Option (a) — site on Siemens instance

o lower start-up cost
o no dedicated URL & DB
o customer cannot create new Sites

= Option (b) — dedicated customer instance

o higher start-up cost
o dedicated URL & DB
o customer may create new Sites / Users

= Unrestricted
» SaaS fee depends on no. Sites / Things

SIEMENS
lngenuity for tife

— Service Provider

» Specific agreement is required
» Dedicated service-provider instance with its
own customization (logo & colors)

= Service Provider may create new Sites / Users

» SaaS fee depends on no. of Sites / Things

» The Service Provider agreement establishes
the Transfer Price and the Service Provider
Sales Margin on fees

Unrestricted © Siemens 2020
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