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Presentation Outline

Blockchain based Demand Response Management and Financial Settlement

Demand Response using Blockchain
* DR Requests registration
« DR monitoring

Demand Response using Blockchain in Terni Pilot
Relevant Publications
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Blockchain based Demand Response

Management a
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nd Financial Settlement (1)

The production and consumption forecasts are
evaluated in order to detect any possible imbalances
The DSO will ask the aggregators to address the
iImbalance by issuing a flexibility request

The aggregators will use their resource/prosumer
portfolio to answer to the DR Flexibility request

Blockchain is the solution chosen for local flexibility
markets management

Prosumers can leverage on their flexible resources
and aggregate with other peers to offer solutions to
flexibility requests
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Blockchain based Demand Response
Management and Financial Settlement (2)

Opportunities
» Decentralized control
» Blockchain functioning as an escrow for the
funds associated to DR Programs

e HIT pr 1 prew " Flexibili T .
s Reauest hjcgon — « The flexibility response is evaluated through
= " Flexibilty Responca / Q \ the smart contract and subject to
' [ consensus on chain

Based on the delivered flexibility prosumers

K= e
\ % i FIexibiIithggregy/ ) )
v i B are evaluated and rewarded/penalized in

/ 4 :M n @ Aggregated near‘real tlme
_ %ﬁ L - 6.6.6 Flexibility Response
) T~ - m»;uu-evntl‘ prev HIJ" Brewn] Q sVete?

++ data | data @ data | data

4 o BLO CKCHAIN A | Distribution System
b O e W ey i ! O Operator
¢ doa dan | doa i Flexibility QS al Ienqes

":'“_""' ﬂ = | Request Injection ihi i
= - | & & « Scalability: the data received from the

Q¥
| Flexibilty Response / ’Q \ /"f@’ sensor can not be directly registered on
i 90 )

CERCETAREA S! TRANSFERUL TEHNOLOGIC LA UTCN

*3;-.-.- ) & chain => it would lead to high cost and a
@blhtvﬂtggw ) bottleneck due to the low transaction
o e throughput
o —— | * Privacy: the consumption values should
| ; A not be publicly revealed on chain

Prosumers
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Demand Response using Blockchain

> DR Requests Registration

(1) Request Day Ahead flexibility profile

Aggregator
Aggregator

|
(2) Ask Flexibility Potential

Prosumerl

Prosumer2

ProsumerN

I
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I
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!
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I
I
I
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|(4b) Offer: < Flexibility 755" reliabifity [da}Aggregate. »
+ prosumers flexibility to

(3) Prosumerl Flexibility Potential <4PCpgg 00 APC apope™

Prosumer2 Flexibility Potential €4PCgu0n APCapore™
ProsumerN Flexibility Potential <APC oy APCapope

[lllc) Ehloose |: provide a matching offer
Flexibility
off bl
& (5a) Send Flexibility Order and Reward (5b) Send adapted signal requests to Prosumers
| .F‘Eexibihtygfqiw

(6b) Report real time activity

Reportimbalance 4+/- (pay penalty)
Correctfundiionality [receiveincentive)

|

|

|

|

| |

|| (7a) Activate nFar real time services
|

|

monitorir*g:

- M

- r'ncentf‘ye/penait}g
- reliahility score

[
\
\
\
} [Ea)Near}RealTime
\
\
|
|

(7b) Announce hew flexibility requests to prosumers

I
I
|_(8) Report Imbalances (pay penalties) |

Actors: * ! |

DSO — Baseline Estimation; Decision

Makings; Issues DR request Profile
Aggregators — assesses the flexibility S
potential of its portfolio; Optimizes and assigns
requests to its prosumers’ portfolio *
Prosumers — answers to DR Requests

7) verify(pOptKey, Flexibilityk ., signatur

==

— &
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2™ Tier Solution
Computational Scalability Solution
1) Event: ,
qu lexibility Request W\Q (2) Observe Events
(6) callback(Fle o
sign
Storage Scalability Solution g
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Demand Response using Blockchain
> DR Monitoring

Follow the correct activity of the Prosumer in
near-real time

* Reward the prosumer’s correct behavior s B 1
- Detect imbalances, penalize and report I~ T =
2 [P £l I
;‘?, I I \‘\“ T1 M1 3 (consumption) | 4 (Household)
SOIUtlon Comblnes pARIAN G ty, M(t,) ™ i\;uTkJ 3 (consumption) | & (Household)
° bIOCkChain |edger } e “\ Ti M(Ti) 3 (consumption) | 4 (Household)
=

'Iﬂﬂ
c@ﬁ'
cﬁ‘i'

« with distributed queuing systems

'-. _ % , AI mhra%eds ormge™ N T \Eqm‘z
« NoSQL database %i_ P i e

DecentmhzedSt orage

the M(t;j

SRR ot D/ ‘*m.
And offers %Q! %ﬁ m
« tamper proof, provenance tracking and B i) (e _Hm M), ram
Belf erp]fotr)cm% SE)rlnarlE hcontracths tl)enei;lts ‘ .
rought be the blockchain technology for '
the on -chain stored data. L% %ﬁd .%Ed
ne Algorithm f:_? 7;3" Liashine Alearithm = Hashing Algarithm
« Scalability and tamper evidence on the @) b
off-chain stored data Y = :

ce D = 4 (household 4
D=

dev
device measurement 3 (energy cons r" ption)

H(T) t;. M(tk) H (Ty)

6%

Online Monitored Data COnlineMenitored Data
— Hashing Algorithm """ Hashing Algorithm
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DR using Blockchain in Terni Pilot
> Pilot Description

—> —
Demo conducted in Terni Pilot Distributed
Ledger
Actors: /
- DSO g
« Terni Aggregator
+ Prosumers -7 o .,
« Storage Systems “ l e
e actions of 16 KWh per hour i Do o
* Buildings (Cooling Systems and EV Charging Stations) _ | LT paall e .
e actions of 52 KWh per hour oT 8 e B CO;er -
EV Charging Stations =Y el I @ eeeee

« Consider actions per hour of 45 KWh

Tool available at: http://193.226.5.80: 500%
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http://193.226.5.80:5000/

DR using Blockchain in Terni Pilot

D Flexibility Profiles
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Tool available at: http://193.226.5.80:5000/
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Relevant Publications

» Published Papers:

« Claudia Pop, Tudor Cioara, Marcel Antal, lonut Anghel, loan Salomie, and Massimo
Bertoncini. "Blockchain based decentralized management of demand response programs in
smart energy grids." Sensors 18, no. 1 (2018): 162. https://doi.org/10.3390/s18010162

« Claudia Pop, Antal Marcel, Tudor Cioara, lonut Anghel, David Sera, loan Salomie, ... &
Bertoncini Massimo. “Blockchain-based scalable and tamper-evident solution for registering
energy data. “ Sensors, 19(14) (2019) : 3033, https://doi.org/10.3390/s19143033

« Claudia Pop, Antal Marcel, Cioara Tudor, Anghel lonut, Salomie loan, Bertoncini Massimo
“A Fog Computing enabled Virtual Power Plant Model for Delivery of Frequency Restoration
Reserve Services”. Sensors 2019, 19, 4688. https://doi.org/10.3390/s19214688

 Claudia Pop, Antal Marcel, Cioara Tudor, Anghel lonut, Salomie loan, “Blockchain and
Demand Response: Zero-Knowledge Proofs for Energy Transactions
Privacy”. Sensors 2020, 20, 5678.

 More Info:
» https://edream-h2020.eu/
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Demo Movie
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