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Hardware

** Many different asset manufactures — non standard
interfaces. Many legacy assets at ETC.

»* Integration into VPP platform has been time consuming

» Defining measurement and communication protocols has
been problematic

** Chip Shortages for PLC. Lead times for equipment.
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change in decision approach.
*»» RESTful APl communication between
services.

framework developed for simulating aggregators
(PyEmLab [1]). Rapid Prototype /Agile
development approach has been used.

Challenges/Lessons Learned

Software

» Existing VPP software solution, but much of the functionality
missing vs an “ideal” VPP.

**» Forecasting important to the commercial success of the unit.

+» Difficult to forecast Flexibility market prices accurately.

** Considerable effort in error capture & communication retry
routines expended.

** Care to be taken with spurious data (Pre-processing).

*** Current solution times for decision making software
relatively fast — but using deterministic approaches.

w SMART INTEGRATED
v ENERGY SYSTEMS

-~ ENERGY
& TECHNOLOGY
. CENTRE

Universit: ity of .%

Strathclyde

Glasgow

Magtel




Enhanced Virtual Power Plant Design and
Implementation Lessons

Gary, Howorth
Univ of Strathclyde, UK

Univ of Strathclyde, UK

lvana, Kockar

Paul, Touhy
Univ of Strathclyde, UK

Graeme, Flett
Univ of Strathclyde, UK

John, Bingham
Energy Technology Centre Ltd, UK

N e SIES [Smart Integrated Energy Systems: Enhanced Virtual Power Plant VPP+

'~=w SMART INTEGRATED
,,‘5 ENERGY SYSTEMS

= ERA-Net's SIES 2022 project focuses on the

technological and business related barriers

and opportunities of how VPPs can function

In flexibility markets.

= The SIES 2022 project aims to develop a

Project Overview

SPEN Power Heat Map (Congested Area)

Energy Pool Integration for Local and Regional Resistance]
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digital energy utility management service
(VPP) capable of managing local and
regional energy systems and markets using
a number of energy pools — use cases. E.g.
ETC, FindHorn .

= “|_earning by doing” Project

Overview

= Number of Proposed Energy Pools (ETC
[Myres hill & SETP], Community Energy ,
Strath Energy Centre , PNDC) — Heat DSR,
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Business Model Spectrum

Business Models

m Simple VPP Enhanced VPP+

Few assets e.g. PV +

Sell output/Buy i
attery

Electricity input from

retailer * Use of Storage (time =« Multiple Power
» Treat assets as Shift) Markets
separate entities * Optimization of Fuel » Value Stacking

/asset switching or use
simple Heuristic eg
Buy low sell high

» Multiple Long Term
Contracts (one for
each asset) selling all

output = 1 end use market = Complex Stochastic
= Single site = Use own assets = Use of others assets
= |ndirect sale of » |ndirect sale of = Direct sale of

electricity to markets electricity to markets

= Portfolio optimization

Multiple Sites/Energy
Pools

Risk Management

electricity to markets
Trading

Business models for a VPP.

= By collating data, analyzing it and

models.

= Key element of the project was to develop

simulating different use cases — it has

been possible to value these business

HY2GO etc.]

= VPP ++ (connecting different types of assets

= Work i1s underway to develop heuristics
that will identify which models work best

and under what conditions

iIncluding DSR), to maximize profits and

provide support to an already congested grid,;

= Algorithms to be developed for operation

* VPP Software under development

Decision Options

= Smart Transformer (ANM)

Value Stacking

Multiple energy pools/
Geographies
Sophisticated
Optimization
Simple -
Heuristics . Sophisticated

Market

Enhanced VPP

Storage Arbitrage e.g. Simple VPP
Simple (Time shift) FFR, Piclo
Arbitrage Flex BM,
DART
Simple Market
Arbitrage (BM vs DA) .
“Simple Arb.
\ value
Traditional
Traditional value
Value (BAU)
Integrated
value
BAU Simple Simple Enhanced Hypothetical Values
Arbitrage VPP VPP Asset & Market dependent

Markets, Value Stacking

= Although assessments shown herein
assume a sale of flexibility services to one
market, t Is expected that VPP providers

would sell to one more than one market.

= Some of these markets could be sold

concurrently.

= This results In revenue streams that can

be “stacked”

= At each time step — a decision has to be

made about resources.
= Growing Complexity with more assets

» Plus assets are stochastic

Options
p Resource constraints and line

voltage limits affect the ability
to import and export and also

impact on prices

Sell to Grid DA

e Sellto Grid RT

\\ Battery

Storage

PV

Wind

Charge

Hold

Sell to Grid DA

Sell to Grid RT

Sell H2

H2 production needs to
satisfy contract terms

H2 Hold
Storage

Sell H2

Holding H2 production for
later delivery may enable

Wind to gain higher prices
during periods of system,

constraints

Temporal issues: Decisions now affect decisions later on.
DA vs RT
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VPP Hardware Overview

VPP Asset Network

= Two key components —
* VPP platform hosted on server on or off site. Currently offsite.

* Energy Management Control System (EMCS) at comprises of an Energy

Asset Server, local asset network (Modbus RS485) and AWS

= EMCS Is used to provide a control and data logging interface
between the Virtual Power Plant (VPP) application and the various

energy assets and meters installed at the energy pools.

= ECMS gathers operational data from assets at the various energy

pools

= ECMS Interfaces with AWS database & provides logging of

Instantaneous data from assets.
= Assets are connected to Modbus network.

= AWS used to host a cloud server which forms the central hub for

EMCS data and interaction with separate VPP application.

» Local assets: VLAN over LAN (Energy Asset Network [EAN]). EAN
uses Modbus Gateway and RTU's (TCP - RS485) and essentially

forms a Modbus network.

» Modbus gateways are used to interface to the various existing
Modbus RTU (RS485) devices to Modbus TCP, and to interface
with the EMCS server.
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Energy Management Control System (EMCS)

 EAN located at local site i.e. Energy Technology Centre (ETC)
* Module structure shown below
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VPP Software Design

PyEMLab Structure VPP Forecasting

* PyEMLab used as the base structure for VPP platform [1-2] Forecasting Key part of VPP Functionality

e Module structure shown below . .
Data 2 Learn - Predict 2> Review

flAb? Prices, Wind Power, Solar, Heat demand, Power demand (Load)
multiprocessing parameters i

Creates agents from .
required

data files

Weather forecasts used as input

Using various forecasting techniques including multi linear

Roles attached to agents

Heat Forecasts

-

! recourcos/ont regression Machine learning eg XGBoost efc.
CSV Files with, balancing and load
shape Data
I -------- I
. 4 I I Export
S R e
EMLabRole | HH) : limits Electrical
What to do and when in the Working Dir i load Data at 1%
simulation Stores Qutput files Logs I ——————— I ‘\\ tlmE t MOd el Pred |Ct|Ve ContrOI
Runs sub-roles —i.e. what each E.g. CSV’s, HDF5 output file with -\ N ( inict )
¢ N
agent should do arrays defined in EndReporter AN L Determ Ini StIC
routine | | ITEEEEm—. A _Y___
: Forecast : i :
/ I PowerkW | | |
: output (96 I\;: !
I - L] - I
L HD 1 1 Decision Algorithm |
———————— I 1
I - ' ..
: e.g. _Loo_k ahead : Decision o
Y jm——————— | . Optimization (96 half . Schedules >
|
I Forecast :/: hou rS) !
: Prices (96 I : :
< < i HH) I | | Real Response from
T J e Wittt ' Loads ,wind,PV
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Using BMRS 2022 as T Yy
surrogate for future P
flexibility market Bgt%i
VPP Platform Code-Base Max Cap)
Discharge/
Charge
eff
JVPPSim2 Commit VPP  utid (= Octopus APlpy
| Project B = = & — A VPPPluspy i% weather_clima_APl.py {* Octopus_APlpy i FIP_ETC.py i~ emoncms_api.py {# Schedule.py  Optimize
“ W& pyVPPSim2 Commit [pyVPPSim] 0. 1 7 t year_str = str(year)
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’ ‘:WVPP""
i Code based on work by GHoworth 2017-2022
. if hour >=17: . .
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> B factory N #Zself.reps.octopus outaoina histor vdforcast
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< ol . PyLESA Modules |
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B Optimi J— W Timestamp Forecast _ _ ree Price
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EPEX Actual

Actual Outputs
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Heat Requirements Schedules Timestamp
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VPP Design Interactions

Simple Use Case Sequence

= A Seqguence Diagram for a simple use case

z ; |I . 1: polingAsset Data _ " h
E check for ime ‘E.wﬂulimsimaﬂmsmadm " ' 4 IS S Own-
a

6.~ 4|le'I'IE|EI"|. ‘h ----------------------------------------------

6.1: geiDatafromScada
|

= |n essence the VPP software:

measureme ™ |lee - - ——

=
Append
8.3: store
_.__‘ data in Repo

_ I J
%
:

Power Vs Wind Speed

£/MWh

proces Dt | i i i e Collects data from markets, assets and other
e - - pommmm - 1
PR e ; ; | | | SEIvICES
6.7 startWindforc i ..- i E E.
> PEES | * Uses that data to forecast power output loads
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] L — . > (thermal and electrical power) etc.
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