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Abstract

The main objective of the SMAC service is to provide CPOs the ability to implement smart
charging strategies over the Charging Points under their control, giving them the possibility to

outsource the calculation of those optimum profiles to a third-party service provider (the Smart
Charging Service Provider actor - SCSP).This approach will help them to optimize their energy -
related costs, enabling a better utilization of renewable energy sources and allow ing their
participation as active actors in the smart grid management, both as participants of implicit

demand-side management strategies (i.e. by their exposure to dynamic energy tariffs) and
explicit demand-side management campaigns (i.e. by being required to temporary reduce their
load to support the grid management).

Keywords

Smart Charging, Smart Grid, technical, architecture, features, SMAC, devdopment, testing,
documentation
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Executive summary
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These tasks focus in the development and testing of SMAC. The main objective of the SMAC
service is to provide CPOs the ability to implement smart charging strategies over the Charging

Points under their control, giving them the possibility to outsource the calculation of those

optimum profiles to a third-party service provider (the Smart Charging Service Provider actor -
SCSP). This approach will help them to optimize their energy -related costs, enable a better
utilization of renewable energy sources and allow their participation as active actors in the smart

grid management, both as participants of implicit demand -side management strategies (i.e. by
the exposure to dynamic energy tariffs) and explicit demand -side management campaigns (i.e.
by being required to temporary reduce their load to support the grid management).

These features are supported by a set of software components that interoperate to enable all the
required services. Technical details and end-user documentation of these software components
are listed in the content of the deliverable.
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In order to formalize the testing phase, a testing framework has been proposed to conduct the
lab-testing phase in a consistent and properly documented manner. Tests have been formally
documented using a common template that compiles relevant information. Motivated by the
primary objective at the current stage of the USER-CHI project within WP8, which is the
preparation of the upcoming piloting phase, tests performed and compiled in this document have
a strong focus on functionality.

Finally, this document provides some details on the effort taken so far by the pilot sites
(Barcelona, Berlin, Budapest, Rome and Turku) with regards to the preparation of the pilots to
successfully demonstrate the SMAC service in the upcoming months.
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1.Introduction

1.1 Purpose of the document

The purpose of this deliverable is to document the work carried out in tasks T 4v ? Smét grid

integration module developmentt 1 M6 BSmart grid services lab-testing and refinementt v

These tasks take over the work of T4.2 tSmart grid services designf Zn =1 6 RT &YX Z WnGR
required software solution, following the design guidelines documented in D 4.2 tSmart grid

services designtf [1].

1.2 Scope of the document

This document has the objective of describing the implementation of SMAC, a service aiming to
provide CPOs the ability to implement smart charging strategies over the Charging Points under

their control, in order to optimize their energy-related costs, enable a better utilization of
renewable energy sources and allow their participation as active actors in the smart grid

management, both as participants of implicit demand -side management strategies (i.e. by the
exposure to dynamic energy tariffs) and explicit demand -side management campaigns (i.e. by
being required to temporary reduce their load to support the grid management).

Due to the variety of targeted readers, sufficient details are provided from different perspectives,
including overviews of the implemented features, techni cal details useful to CPOs with interest
in integrating their backends with SMAC, and end -users utilizing the user interfaces to access to
the information provided by SMAC.

Additionally, the document provides details on the efforts taken so far by the diff erent demo sites
of the USER-CHI project in the direction of facilitating the demonstration of SMAC.

1.3 Structure of the document

This document consists of seven chapters, including chapter 1 for the introduction to the
deliverable and chapter 7 for the conclusions drawn during its writing. The core of the deliverable
is contained in chapters 2 to 4, which provide the main details of the work performed. Chapter 3
includes an overview of SMAC features. Chapter 4 provides technical details about the
architecture of the solution. Chapter 5 includes documentation of SMAC, of interest to parties
willing to integrate their backends with SMAC.

Additionally, chapter 5 provides details on the methodology used to test and validate the correct
operation of the provided so ftware implementation, while chapter 6 provides an overview of the
efforts taken by the Demo Sites of the USER-CHI project with regard to facilitation of the
demonstration of SMAC in the corresponding sites.
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2.SMAC features overview

2.1 Smart Charging as a Ser vice

The main objective of the SMAC service is to provide CPOs the ability to implement smart
charging strategies over the Charging Points under their control, giving them the possibility to
outsource the calculation of those optimum profiles to a third-party service provider (the Smart
Charging Service Provider actor - SCSP).

Its primary target is therefore to facilitate the access of any CPO to this feature. In order to do so,
SMAC takes advantage of the overall framework constructed in the USERCHI project, and defines
itself as a service fully integrated with the INCAR Platform. This facilitates the usage of the service
by any CPO adhered to the INCAR Platform.

Additionally, SMAC implements ¢ and extends @ the required OCPI 2.2 [2] interfaces, and
therefore can be used by any CPOs implementing such protocol, even if they are not registered
in the INCAR Platform.

Figure 1 Integration options of SMAC
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2.2 Infrastructure -level optimization

SMAC optimization alg orithms take into account the complex reality of Charge Point managers,
who, in general operate the Charge Points under a supply point that is shared with additional
elements (typified as unmanageable loads, renewable generation ¢ RES -, or local stationary
energy storage). In these scenarios, Charge Points shall not be managed independently, since
most energy management benefit come when those are considered as one piece of the complete
picture. Nevertheless, the optimization model implemented within SMAC is versatile in the sense
that is covers several combinations of field assets, going from more simple scenarios (e.g., load
balancing among Charge Points sharing a supply point) to complex scenarios with consideration
of local generation, storage and unmanageable loads.

Figure 2 Elements considered in the optimization model of SMAC
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2.3 Flexibility services to grid operators

SMAC facilitates CPOs patrticipation in flexible markets, allowing them to become active actors
in the smart grid management by providing flexibility services to third party grid operators. Two
main mechanisms are considered to enable CPOs as active actors in the smart grid management:
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1 Participation on implicit demand -side management strategies. These strategies
usually modulate the demand of the participants by sending appropriate price signals
(e.g. by offering a dynamic energy tariff scheme to the participants). The cost-wise
optimization nature of SMAC inherently takes into account these signals to schedule
the demand in the most cost-effective time slots

9 Participation in explicit demand-side management strategies. These strategies
usually consist on temporary constraints ¢ in terms of maximum active power
supplied gthat need to be met by participants in order to support a proper smart grid
operation. CPOs can communicate the requirements imposed by the corresponding
grid operators to SMAC, which will consider it in the calculation of the charging
profiles, thus ensuring that imposed temporal constraints over the p ower supply are
met.

Figure 3 Flexibility request and its effect in the charging profile . First chart displays supply point capacity
limits, including a temporal reduction of the available capacity triggered by the grid operator th rough a
flexibility order. Second and third charts display the resulting smart charging profile and expected state of
charge respectively. The effect of the flexibility order van be observed in the resulting profile

10000 f— - e

7500 A

5000 A

2500

Supply Point Power

0 [ S S -
0 20 40 60 80

10000 A

7500 A

5000 A

2500 1

EVSE Charging Profiles

20 40 60 80

o 4

60000 -

50000 A

EV SoC

40000

20 40 60 80

o



15
D4.3: Smart grid services implementation and lab -testing USER- CHI

CHARGING YOUR E-MOBILITY FUTURE

3. Architecture overview

3.1 SMAC component overview

In order to implement all features described in section 2, a number of components have been
designed and implemented, each specialized for a particular task.

Figure 4 SMAC architecture overview

SMAC Platform

@ mongoDB (D influxdb \m pulp W
St L o Weather forecast
Optimization Time series Forecaster Optimizer provider

contexts database database -

Orchestrator

T </>
e AP USER-CH

4 BILITY FUTURE

0CPI122

(extended) OCPI22
(extended)
INCAR Platform
OCPP
[ i
[ !
CPO
— A —

OCPI 2.2 0 — | p

(extended)
lm

backend

SMAC is composed by the following components:
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API: implements the required interfaces of OCPI 2.2 for the Smart Charging Service
Provider role. Additionally, OCPI specification has been extended to allow CPOs to
provide additional inputs to be considere d in the calculation of the optimum profiles,
as documented in section 4.1.

Orchestrator: retrieves information from the different sources and calls the different
internal services accordingly to the requirements, triggered by the API

Optimization contexts database: stores the properties of the optimization contexts
configured by the end users (CPOs)

Time series database: stores historical data provided by the end users (demand,
generation, energy prices, flexibilZ @1 T R o RU&U)
Forecaster: provides forecast of demand and generation time series, as described in

section 3.2.5

Optimizer: implements the linear optimization model in charge of calculating optimum
charging profiles both for EVSEs and local storage (if available), as described in
section 3.2.6

Weather forecast provider: provides weather data, including actual and forecasted
reports, which is used by the forecaster to bui ld the generation forecast models

User interface: allowing CPOs to configure the parameters of SMAC

The following sections provide further details on each one of those components

3.2 Components

3.2.1 API

The API component consists of an implementation of the OCPI 2.2 interface (with the defined
extensions) built with Express for Node.js!. Details of the implemented API are provided in section

4.1.

3.2.2 Orchestrator

The orchestrator component has been implemented for Node.js?. This particular component has
connections with the rest of the components of SMAC, and performs the following tasks:

 https://expressjs.com/

2 https://nodejs.org/es/
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1 Registers or updates the definition of the Optimization Contexts in the corresponding
database. Information about the changes to be registered may be provided by the
User Interface via the extension of the OCPI 2.2 API.

1 Whenever CPO provides new data about local demand, local generation, forecasts,
energy prices or flexibility requests, the orchestrator component registers this
information in the Time series database

1 Whenever CPO registers data about local demand or generation for the first time, the
orchestrator triggers the Forecaster component in order to create a new model for
those metrics

1 Upon reception of any update on any of the inputs of the smart charging profiles
calculation (updates on any related Session object, or registration of new inputs from
the CPO, including load or generation readouts, updates on energy price or
registration of new flexibility requests ), the following processes are triggered:

0 Update of the affected load or generation forecasts
0 Calculation of up-to-date smart charging profiles

0 Submission of update smart charging profiles to the corresponding CPO
backend

9 Periodically, the weather service provider is triggered in order to retrieve the
information required by registered generation forecast models (current weather data
and next 72 hours weather forecast)

3.2.3 Optimization contexts database

The optimization contexts database stores the static information about the environ ments for
which optimum smart charging profiles will be calculated. An optimization context consists on:

1 Related CPO, identified by its country code and party id (as per OCPI 2.2)

1 Supply point constraints, including maximum values for supplied and injected active
power, according to the contract between CPO and the corresponding grid operator
(usually, the Distribution System Operator ¢ DSO)

1 Value for the opportunity cost synthetic cost. This parameter models the cost faced
by the CPO not being able to give service to new drivers while the charge point is
occupied, and is used internally by the optimization algorithm to discourage long -
lasting charging sessions. More details are provided in section 3.2.6

9 List of Charging Points to be considered together in the optimization ( i.e.,sharing the
same supply point)































































































































































