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Putting together a Jigsaw Puzzle
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= Learning by doing Project
= File Structure based on Prior Work (PyEMLab 2019) (Not the Only Way)
= Structured power based framework (aggregators)

= VPP —There is a both a Technical and Commercial Need for a VPP.

Many VPP’s are Technically focused.

» Process is challenging when starting from scratch.
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= Generic design of VPP was set out in reference [2] and consists of a
number modules including communications, accounting, forecasting,
scheduling, bidding and risk management etc. (Slide 4). Initially, it was
envisaged that a third party supplier would provide VPP software to
communicate to and from various assets and perform many of these
functions. After initial scoping of the literature and available software, few
solutions providers were considered, and the most promising finally
selected, with the aim of building specific functions such as forecasting

and optimization in a separate prototype software environment.
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= PyEMLab-AGG [3] was developed as a python object orientated simulator to
model the interactions of aggregators (VPP owners and associated actions),

domestic and industrial customers in a future flexibility market. It is a structured,

ontology driven, environment that uses python as a scripting language to set up

scenarios and assign roles (i.e. what to do, when and how, as well as the rules to
make decisions).

= |tis based on a python port of the java based EMLADb program [4] which was
originally designed to simulate investment and technology behaviour in an
European power market. Both EMLab and PyEMLab-AGG have been extensively
tested.

= The object-orientated program is organized into packages as summarized in the

following slides
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= Using the PyEMLab-AGG structure discussed above, the framework has been
rebuilt to communicate in real time every half hour with assets at a number of
locations including the ETC site (Slide 9).

= This was performed in a step wise fashion adding and testing functionality using
use cases as a guide. The first use case was based on one asset with a simple
control rule. Later use cases involve additional assets such as heat
pumps/thermal stores and the interaction with more complicated market
structures. The current architecture for the software framework is shown in Slide 9
Those modules marked with an asterix* are for future development.

= Asequence diagram (Slide 10) shows the interactions between various

components for a simple use case.



Asset data is

sent to
various cloud Assets:
based . Markets:
. Wind, Heat
systems via . Octopus BMRS Weather Interfaces and  [{{Vi 3
SCADA API’s Pump,PV, Service API i teati
used to Thermal Store Other Visualisation
access such
data } : .
Get Market! !
Get Data (S:em: | D:ta/ arke ! Send Bids I ! Cleared Get T
from assets ontro | tomarket ! | bids Weather | VPP
signals Control | 1 Forecasts
(setpoints) signals ! I orecas | M
v LY + )
->[ Communication Modules API’s ]
Data from Marketprices o | 1 |: Cleared Data for Store
assets | l | | 1 bids
’ M rinre— A v y
Forecasting modules: R Optimizer Bidding
Send Loads (thermal/electricity) Loads/Generation Module: and Store Data
Control : T i i and control
Contro Market Prices % Prices AIFI\?IELZTS Clearing  |Bids Store U
Pece e
6 Predictive modules \
A o Control, FOC, — b
e gorithm Selection etc.) /_,e _
- (Regression,CatBoost, - z Back Testing*
LGBoost, Ensemble and Analysis:
Schedules Forecasts etc.) EV* ML &
b Model/Simulation Rarameten
/ ) \ (ABN_I 9r_ Tuning / Prices , asset
- Power Grid Probabilistic) data, forecasts
Accounting Simulation * Schedules etc.
Risk Module DLMP Tune Simulation
Management* | Cashflows* : with measurement
g . forecast if i Cre;.;\te Re.porjcs for RDMS/HDF5
7y Dissemination

required
N /

Databases




VPP VPP Main control PP PriceForecaster ‘ ‘ VPP Output Forecast MWh ‘ ‘VPPOpt‘lrissl ‘ ‘ SCADA/Cloud ‘ ‘ Octopus ‘ ‘ Data eq Weather provider ‘ ‘ SCADA BOX ‘ ‘ Asset eg Wind
Data
T T T
r— |
Lo

2: check for time 1: pollingAsset Data 4: poling i I
— :
3: wait for signal form Scheduler ’ 41
6 ~ 4p m start L » 5 .
B.1: getDatafromScada L 4.2
measurem 6.2: sendatatoVPP
fegend 6.3: store T |visualwind
data in Repo
and LT DB
Process Data 6.4: getDatfromWeath ar&PI
P

6.5: returnData r|

| I—

6.6: store data in Repo
and LT DB Process

6.7: startWindforc

7: getDatafromRepo

6.8 startPriceforecast 6.8.1: getDatafromOctopus
682

8: forecastMWh

t

6.8.3: forecastBMRSPrices

:‘ 9: storarepo
‘-

11: startOptiDataReady ’:‘
10: getDatafremRepo

12: runOptim iser,ﬁrsﬁa.ss

PE

13: optiFinishedfirstpasssignal

i 14: createSchedule
|

15 sendScehduletcSCADA
|

16: store data in Repo and LT DB
; |

17 SCADAdoes it thing

®

: sendDatate SCADABOX

>
A

18.1: sendData control sigs to Assets
L

imple Use Case: Sequence Diagram



Communications

Strathclyde

Engineering

= Akey role of the model is to communicate with the assets in the field. This is
achieved using API’s, some of which have had to be developed for this project.

= Data is collected and stored for later use, but those that are needed for immediate
use are also stored into in-memory storage in the repository object described
earlier.

= PDF style reports can be created and can be emailed to the appropriate parties.
The software uses a rolling time horizon to forecast prices and demand, and is

used in the decision module.



VPP Forecasting
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= An important component of this VPP platform is associated with forecasting.
Current VPP design uses deterministic algorithms but stochastic algorithms and
approaches are being investigated.

= See slide 13 for schematic of forecasting modules.

= A number of forecasting modules have been constructed, some of which use
existing machine learning libraries such as CatBoost [9], others that use standard
regression techniques. Ensemble learning [10] could be included in a future
version.

= |n addition, PyLESA [11] an open source modelling tool for the design of local,
integrated and smart energy systems and includes calculations and modules for
solar/wind assets, heat pumps and thermal stores (digital twins) can also be
included. It also uses the Gekko [12] optimisation model to perform forward
looking model predictive and fixed order control of the assets. Various
components of PyLESA have been integrated into the modified PyEMLab

framework and are to be used to optimise heat pump and thermal store assets.
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= A decision optimization model, based on the work in reference [6, 7], is included,
but has been adapted to include battery degradation costs import/export limits
and carbon prices. It uses the Pyomo [8] optimization model. This has been
further adapted to include some elements of the current UK flexibility auction
market. The optimizer, or decision model, looks to maximize revenues to the
project and formulates schedules, which are then sent via the communication
module to the various assets. The current model uses Octopus market prices so
assumes the

= The current VPP is a price taker. This means that that bidding module is not
currently used but would be as other markets are accessed. The decision module
also includes other algorithms such as load following or other simple heuristics
such as buy-low-sell-high and so on. Additional algorithms can be included. Note

that analysis of algorithms and data is currently carried out offline.



VPP Operation
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= Acquire Data _
» [Forecast Future Demand, Power Output , Export Import Limits etc. :
= Decision Process (Simple Heuristics , FOC, Optimization other)

= Schedule Assets

. Learn IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII:

= Example Operation shown below using One Asset
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Simple Use Case Example
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Get Weather Forecasts
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Simple Use Case Decisions
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Imports/Exports
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report pdf - Adobe Acrobat Pro DC (32-bit)
File Edit View E-Sign Window Help

Home  Tools report.pdf x
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VPP Plus Analytics Report Dummy

10710720

From: testemail(@energy-redefined.com
Date: 28 September 2022 at 00:15:52 BST
To: gary.howorth@gmail com

Subject: error message from VPP Platform

Error on VPP Plus Platform. See Messages/Error Codes below!

errormessage API List >>
+

errormessage Hdf Store List >> ['Octopus 2 Day forecast - Stored Outgoing data Hdf error '] [EmonCMS Actual Stored data Hdf error ']




VPP Platform Code-Base
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~ I8 domain self.reps.octopus_agile_historyandforc
[ agent else:
> W physical_assets self,reps.octopus_agile_historyandforcast[144:192]=self.reps.octopus_agile_historya
[# EMLabAgent.py self.reps.octopus_agile_historyandforcast[192:240] = self.reps.octopus_agile_history
% EMLabModel py
i Optimizer.py
. [# VPPPlus.py gile_histeryandforcost  # 240 elements 96 HH before tooy Today +
" factory taoing. his a
> I engine utgoing_history a5t
> B gui
> I reporters
> I repository rs or _horizon
> 1 role indx = math.ceil(2* hour + minute)
> I scenarios self.octo_agileforecast= self.reps.octopus_agile_historyandforcast[indx:indx+horizon]
B test self.octo_outgoingforecast = self.reps.octopus_outgoing_historyandforcast[indx:indx+hor:
v il

self.reps.octopus_agile_forOptiforcast = self.octo_agileforecast

4 EBXspotScalp.py self.reps.octopus_outgoing_forOptiforcast =self.octo_outgoingforecast

% emailsend.py
i% emoncms_api.py

& FTPETC.py ~-—_— a ' ] ]
7 generate_snalytics_report.py > I physical_assets create_report('report.pdf')#generate analytical reports
7 Octopus APlpy % EMLabAgent.py self.sendEmailReport(’report.pdf')#send emoil mes eport

74 OptimizerVPP.py

i StopWatch.py i EMLabModel.py f.sentmessage_rep_flag = True
i TimeThreadReset.py i» Optimizer.py self.resetStoreFlags()
| weatherclime APloy S VEPPR=py self.seterrorincomas_flag=False
[ _init_.py > | factory hour =1 #TEST Todo

i PYVPPSim.im|

>l Extemal Libraries 2 S cngine @ if hour >8 and hour <&:
7o Scrtches and Consoles i ?"' i if self.findhorn_obj.storeddataflag ==False: # flog for doyself.getDataFromFTP
g ':;:y self.getDataFronFindholn()
> sole L ] | if self.weather_api_obj.storeddataflaghistory ==False: # flog for d
> scenarios pass
test #self.weather_api_obj.getHistoricalWeatherDat # have ccess yet
v I util
i EEXSpotScalp.py ®
= emailsend.py T

# emoncms_api.py % net FTP
2 FTP_ETC.py )
» generate_analytics_report.py
i» Octopus_APl.py
i» OptimizerVPP.py

if hour >= 2%4: #will keep trying every HH after 4
if self.ftp_obj_etc.storeddataflag ==False: #
self.getDataFromFTP()

i StopWatch.py

% TimerThreadReset.py L hour =2%17 #TEST Todo

i» weather_clima_APlLpy #3 16.38 s fter
f» _init__.py -

ia PYVPPSim.iml if hour >= 17%2:




Database Example: Hdf5 2
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File Window Tools Help Engineering
= €@@E
Recent Files ‘ DiDctopusPrices - Copy hdfs +|le
~ [B] OctopusPrices - Copy hdfs Object Attribute Info  General Object Info
» Q4 Agile_Prices
~ @ Out.going_AgiIe_Prices Aftribute Creation Order: | Creation Order NOT Tracked
» Qa_i_table NPl ok bl i — 37 T g A
4 table iy [ table at /Outgoing_Agile_Prices/ [OctopusPrices - Copy.hdf5 in DA] - u] x e
Ni Table Import/Export Data Al
C 3 s
‘I%b d 2
Fl e Y
5 | Si
Fl = . B S
Fl =
Fl index | value_exc_vat| value_inc_vaf] valid_from valid 78 Si
g 0 4257 4257 2022-08-23T21:30:002 2022-08-23T | g‘ S
i fi 58.05 55.06 2022-08-26T21:00:002 2022:08-28T | s‘ ) table at /V27Data/ [wind_dats V27_ETC.dfS in DA]
(
- - 49.4 49.4 2022-08-26T20:50:002 202208-23T . _ Tble Impor/BxportData
o 6434 6434 2022-08-26T20:00:002 2022-08-25T = I
74 57.71 57.71 2022-08-23T19:30:002 2022:0523T 5
v B 6102 5102 2022-08-25T19:00:007 202208287 , o 2 o
- s 6782 6782 2022-08-23T18:30:00Z 20220823, o
« 70.43 70.43 2022-08-23T18:00:00Z 202208287} o
v Bl 73.32 73.32 2022-08-23T17:30:002 2022-0823T |
ve [ 7285 1285 2029-0823T1 7.00.007 202208 23T |f] s index | timestamp| wind_speed| wind_speed_max wind_speed_min| power_:
ve 10410 72 66 72 66 2022-08-23T16:30:007 2022-08-23T 3 g
ve RIT 8103 5103 2022-08-23T16 00007 2020-08-23T 3 s 0 202205 533 79 25 2587
ve L1212 66 65 66 65 2022-08-28T16:30°007 202208281 || 5 ! 2022:08-.. 6.7 588 4.4 30.47
v BN T3 54 22 54 22 2022-08-23T15 00.00Z 202208267 3 5 A2 2022-08-.[1.76 95 6.4 67.26
v e S S P SR = s BeB 2022-08-.. 5.93 92 3.1 36.79
Vi e 0t N T gHL o S 1 o et 1 e ot it | S A4 2022-08- . [469 65 14 19.16
value_inc_vat_dtype  String. length = 7, padding = RET_STR_NULLTERM, cset = HET_CSET_UTFE S -6 2028-08-. 127 4.1 0.0 062
value_inc_vat_kind  String. length = 25 padding = HET_STR_NULLTERM. cset = HET_CSET_ASCII S -6 2022-08-.. 583 124 13 1037
value_inc_vat_meta  String. length = 2. padding = HST_STR_NULLTERM. cset = HET_CSET_ASCI S -? 2022-08- . 326 104 00 468
. [ 2022-08-.. [8.38 123 46 84.89
[a¢ 2022-08-.. [7.46 96 42 63.36
[0 10 2022-08- 766 99 50 64.99
[ 2022-08- . 765 94 47 6195
[1212 2022-08- . 7.01 8.8 48 £3.35
L EE 2022-08-.. 6.47 838 3.2 42.46

(14 14 2022-08- . 5.1 74 3.0 21.48

[~ VPV e e . R



Asset Data Power

Databases: rmestamp L

|
Wind speed, Power Out, .... University of

Weather Strathclyde

Timestamp | Se% o Engineering
Wind speed, Cloud cover, Temp .. \/—' ?iqf\
N
o Find horn 2
o Timestamp
» —
/- \,O
Q¥
Varies by asset 0\2\
FindHorn 1 \g/\‘en
Timestamp [ ,))* <
DHW1, DHW?2, TS1 Octopus Actual -
. Forecast
Timestamp |
‘ Power Out forecasts |
‘—)Q’& Prices
J W Timestamp =
P
Po,P1,P2,P3 ...
\/_ /:,\),b\
S (OIS

Heat Forec ¢ Ko

Heat Forecasts / v’ \¢
Timestamp EPEX Actual

Schedules Timestamp

Heat Requirements
Findhorn .

i |
T'mEStampl Day Ahead prices
o 11,0,1,1,1,,000,1,
£ 0,0,0,1,1,
x5
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S

.



Two Versions =
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= The PyEMLab framework allows us to either simulate VPP actions or
use a real time scheduler or both.

= This allows us to perform Hardware in the loop simulations and to
simulate future markets that may be evolving and currently do not exist.

» |t has been used to test out the effects of different business models and
values

= Future Assets can be represented as Digital Twins

e e T . o °
o R o - = 8 8 0L
: -




Lessons Learned
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= After an extensive literature review and more detailed discussions, it has become
clear that none of the current VPP providers are able to meet all the needs of the
SIES project. An off the shelf solution with cloud resources, cyber security and
error capturing functionality may have proved to be a better approach, although it
will still have necessitated the development and integration of specialized
algorithms and routines.

= Furthermore, integrating legacy assets or assets from different manufacturers has
been time consuming.

=  Prior work using the PyEMLab-AGG framework has allowed us to follow a rapid
prototype development process. The rapid prototyping process includes three
steps; prototyping, testing, and refining (learning by doing approach). Prior
experience tells us that significant software savings can be achieved with this
approach as software functionality specification can be improved. Other lessons

learned include:



Lessons Learned
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= Uncertainty in market price and generation from renewable resources, such as
wind, is relatively large. Probabilistic approaches are required, which is driving
VPP owners towards using risk management techniques to protect against
potential downsides.

= As the number of types of assets and their numbers grow, complexity of models
increases, resulting in longer optimization solution times. In the case where the
problem is inherently non-linear, very long solution times can occur e.g. > three
hours. This can be remedied by linearization and assumption simplifications, but it
Is important to understand how these can influence accuracy of obtained
solutions.

= Pattern recognition matching could be used to help reducing solution times, or
when optimizers do not converge.

= Pre-processing of data to exclude spurious scenarios helps improve forecasting,
as blindly taking all data can result in worse forecasting models. This is difficult to

spot in an online automated models
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