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Glossary 
Refer to ENTSO-E glossary, https://www.entsoe.eu/data/data-portal/glossary/Pages/home.aspx.  

  

CTX size of all captured transmitted packets [B] 

CRX size of all captured received packets [B] 

CPCK_TX size of single captured transmitted packet [B] 

CPCK_RX size of single captured received packet [B] 

v average speed of all captured packets [packets / s] 

B bandwidth of all captured packets [B / s] 

vTX average speed of transmitted captured packets [packets / s] 

BTX bandwidth of transmitted captured packets [B / s] 

vRX average speed of received captured packets [packets / s] 

BRX bandwidth of received captured packets [B / s] 

σ standard deviation 

MLCZ market liquidity for control zone [%] 

MLFF market liquidity for FutureFlow market [%] 

bidclass_CZ bid from classical unit in specific control zone [MW] 

bidVPP_CZ bid from VPP unit in specific control zone [MW] 

Nclass_CZ number of bids from classical units in specific control zone 

NVPP_CZ number of bids from VPP units in specific control zone 

bidclass_FF bid from classical unit anywhere in FutureFlow market [MW] 

bidVPP_FF bid from VPP unit anywhere in FutureFlow market [MW] 

Nclass_FF number of bids from classical units in FutureFlow market 

NVPP_FF number of bids from VPP units in FutureFlow market 

https://www.entsoe.eu/data/data-portal/glossary/Pages/home.aspx
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The aim of the FutureFlow Project 

Four European TSOs of Central-Eastern Europe (Austria, Hungary, Romania, Slovenia), 

associated with power system experts, electricity retailers, IT providers and renewable 

electricity providers, propose to design a unique regional cooperation scheme: it aims at 

opening Balancing and Redispatching markets to new sources of flexibility and supporting 

such sources to act on such markets competitively. By means of a prototype aggregation 

solution and renewable generation forecasting techniques, flexibility providers – distributed 

generators (DG) and commercial and industrial (C&I) consumers providing demand response 

(DR) – are enabled, to provide competitive offers for Frequency Restoration Reserve. Retailers 

act as flexibility aggregators and pool the resource in order to provide the products required 

by the TSO. A comprehensive techno-economic model for the cross border integration of such 

services involves a common activation function (CAF) tailored to deal with congested borders 

and optimized to overcome critical intra-regional barriers. The resulting CAF is implemented 

as a cloud solution of a prototype Regional Balancing and Redispatching Platform, which 

makes research activities about cross-border integration flexible while linking with the 

aggregation solution. Use cases of growing complexity are pilot-tested, going from the 

involvement of DR and DG into national balancing markets to cross border competition 

between flexibility providers. Based on past experience with mFRR, participating C&I 

consumers and DG are expected to provide close to 40 MW of aFRR. Impact analyses of the pilot 

tests together with dissemination activities towards all the stakeholders of the electricity value 

chain will recommend business models and deployment roadmaps for the most promising use 

cases, which, in turn, contribute to the practical implementation of the European Balancing 

Target Model by 2020. 
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DR/DG reacts to activations with changing operational setpoint of delivered power. 

Table 2-2: Test scenarios, UC1, BSP-DR/DG: Activation. 

Group 

ID 

Group of 

Scenarios 

Test scenario Expected result Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
AC-01 
ID 01 

Activation, 
basic 

Send Activation 
Start/Stop 

Received BSP-DR/DG DR/DG Activation 
start/stop 

[OK] 

100% 

[OK] 

AC-02 

ID 01 
Activation, 

varying 

Send Setpoint, 

absolute value 

Received BSP-DR/DG DR/DG Setpoint [OK] 100% 

[OK] 

AC-03 

ID 01 
Activation, 

monitoring 

Valid response from 

DR/DG 

Received BSP-DR/DG DR/DG Response 

from DR&DG 

[OK] 

100% 

[OK] 

2.2 Level 2: DEMO site-BSP 

The sessions executed at Level 2 are: 1. Communications connectivity, 2. Bidding, 3. Imbalance 

netting and pre-netting, 4. Activation, as well as 5. FAT tests.  

2.2.1 Session 1: Communications connectivity 

Test objective: Communications, data flow between FutureFlow DEMO site-BSP. FutureFlow 

DEMO site is hosting demonstration TSO platform (LFC controllers, CAFx) from where tests are 

initiated. BSP is hosting aFRR aggregation platform. Establishment of basic cyber security 

mechanisms. Both DEMO site and BSP site have used custom made applications for IEC-104 

communication. MQTT communication was done via client-broker model with standard Java 

libraries and applications. 

Table 2-3: Test scenarios, UC1, DEMO site-BSP: Communications connectivity. 

Group 

ID 

Group of 

Scenarios 

Test scenario Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
CC-01 
ID 01 

Communication FutureFlow DEMO 
site-BSP connectivity, 

IEC 104 

Data flow 
established 

DEMO site-
BSP, 

bidirectional 

BSP, 
DR/DG  

Connectivity between 
DEMO site and BSP 

completed. All hosts and 

ports communication 

established. 

100 % 
[OK] 

ID 02  FutureFlow DEMO 

site-BSP connectivity, 
MQTT 

Data flow 

established 

DEMO site-

BSP, 
bidirectional 

BSP, 

DR/DG 

Connectivity between 

DEMO site and BSP 
completed. All hosts and 

ports communication 

established. 

100 % 

[OK] 

CC-02 

ID 01 

Cybersecurity FutureFlow DEMO 

site-BSP connectivity 

with security 
mechanisms, IEC 104 

Securing data 

flows 

(measurement, 
control) 

DEMO site-

BSP, 

bidirectional 

BSP, 

DR/DG  

There were problems with 

encryption application 

due to wrong 
configuration. The 

problem was resolved and 

communication was 

successfully retested. 

100 % 

[OK] 

CC-02 
ID 02 

 FutureFlow DEMO 
site-BSP connectivity 

with security 

mechanisms, MQTT 

Securing data 
flows 

(measurement, 

control, bids) 

DEMO site-
BSP, 

bidirectional 

BSP, 
DR/DG or 

VPP 

provider 

Security mechanisms were 
implemented and 

checked. 

100 % 
[OK] 
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distribution 

BD-02 

ID 01 

Bid pricing Bids with 

equal prices 

in control 
zones [1, 2, 3, 

4]. 

CMOL bids 

construction, 

distribution.  

 FutureFlow 

DEMO site 

CMOL was 

constructed 

correctly from 
bids that FF cloud 

has received, bids 

with equal prices 

were also 

activated. 

100 % 

[OK] 

 

ID 02  Positive and 
negative 

prices per 

control zones 

[1, 2, 3, 4]. 

CMOL bids 
construction, 

distribution.  

 FutureFlow 
DEMO site 

For all four 
control zones 

positive bids with 

positive prices 

and negative bids 

with positive or 
negative prices 

were tested. 

100 % 

[OK] 

 

BD-03 

ID 01 

Bid rejection Bids send 

with different 

FAT than the 

one valid for 
respective 

TSO:  

CMOL 

constructed 

only from 

bids with 
proper FAT 

parameters. 

 FutureFlow 

DEMO site 

Specific bids were 

checked, but this 

functionality was 

not implemented 
as FAT limitation 

was not needed 

for this case.  

[NIM] 

ID 02  Limited 

transfer 

capacity on 
control zone 

pairs [1-2, 2-3, 

3-4], multiple 

combinations. 

CMOL 

constructed 

only from 
bids from 

control zones 

with 

available 

transfer 
capacities. 

 FutureFlow 

DEMO site 

If borders were 

congested FF 

Cloud algorithm 
did not activate 

bid for cutoff CA. 

Checked for all 

three border pairs 

when congested. 

100 % 

[OK] 

ID 03  No transfer 

capacity on 

control zone 

pairs [1-2, 2-3, 
3-4], multiple 

combinations. 

CMOL 

constructed 

only from 

bids from 
control zones 

with transfer 

capacities. 

 FutureFlow 

DEMO site 

This case was 

performed on all 

UC2 tests were 

borders had 0 
transfer capacity, 

only local bids 

were activated for 

local CAs. 

100 % 

[OK] 

2.4 Level 4: TSO – FutureFlow DEMO site 

The sessions executed at Level 4 are: 1. Communications connectivity 

2.4.1 Session 1: Communications connectivity 

Test objective: Communications, data flow between TSO-FutureFlow DEMO site. Information 

exchange comprises SCADA measurements. 

Table 2-10: Test scenarios, UC1, TSO-FutureFlow DEMO site: Communications connectivity. 

Group 

ID 

Group of 

Scenarios 

Test scenario Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
TD-01 

ID 01 

Communication TSO-FutureFlow 

DEMO site 
connectivity, OPC 

UA 

Data flow 

established 

TSO-

FutureFlow 
DEMO site, 

bidirectional 

TSO, 

FutureFlow 
DEMO site 

OPC UA turned to be 

inappropriate for such 
integration (not 

supported in SCADA). 

The communication 

was done via IEC-

104/NMEA protocol. 
Communication was 

successfully 

established and tested. 

100 % 

[OK] 
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Group 

ID 

Group of 

Scenarios 

Test scenario Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
TD-02 
ID 01 

Semantics TSO-FutureFlow 
DEMO site 

semantic 

interoperability, 

OPC UA 

Semantic 
model of data 

flows 

(measurement

, control) 

TSO-
FutureFlow 

DEMO site, 

bidirectional 

TSO, 
FutureFlow 

DEMO site 

OPC UA turned to be 
inappropriate for such 

integration (not 

supported in SCADA). 

The communication 

was done via IEC-
104/NMEA protocol. All 

values were checked to 

be correct and 

updated on 2s interval. 

100 % 
[OK] 

 

2.5 Level 5: Cyberseurity testing  

Test objective: Description and specification of production ready tests for replicated and 

scaled, production ready environments and platforms participating in cloud implemented, 

multi cross zonal aFRR balancing energy exchange. Note: These are only tests specifications 

and are not executed on demonstration platforms during pilot tests.  

Table 2-11: Test scenarios, UC1, Cybersecurity. 

Group 

ID 

Group of 

Scenarios 

Test scenario Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
CY-01 

ID 01 

Level 1 

(DR/DG<>BS

P) 

AUTHENTICATION: 

Attempt DR/DG 

Hacking for 
Spoofing / 

impersonation 

Only 

authenticate

d DR/DG are 
allowed to 

connect to 

BSP 

Ingoing to 

BSP 

BSP Communicatio

n is secured 

end to end 

The 

informatio

n is 100% 
secured. 

ID 02  AUTHENTICATION: 

Attempt 

impersonation to 
control a DR/DG 

Only allowed 

authenticate

d entities are 
allowed to 

control 

DR/DG 

Ingoing to 

DR/DG 

DR/DG Communicatio

n is secured 

end to end 
(controller to 

server) by DTLS 

1.2 with Elliptic 

Curve. 

The software 
on the 

controller is 

signed and 

resistant 

against 
manipulation. 

The 

informatio

n is 100% 
secured. 

ID 03  INTEGRITY: Attempt 

DR/DG hacking to 

compromise 

outgoing 

information 

Detect 

compromise

d integrity  

DR/DG>BSP BSP Communicatio

n is secured 

end to end 

The 

informatio

n is 100% 

secured. 

ID 04  CONFIDENTIALITY: 
attempt to spy 

DR/DG-BSP 

communication  

Information 
is protected 

from 

unauthorized 

access 

DR/DG<>BSP DR/DG-BSP 
links 

The channel is 
secured using 

VPN. 

The 
informatio

n is 100% 

secured. 

ID 05  CONFIDENTIALITY: 

attempt to access 
protected 

information stored 

at BSP level 

Information 

is protected 
from 

unauthorized 

access 

Ingoing to 

BSP 

BSP  The aFRR 

aggregation 
platform is in 

the private 

environment. 

Additionally, it 

requires strong 
credentials to 

connect to the 

The 

informatio
n is 100% 

secured. 
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Group 

ID 

Group of 

Scenarios 

Test scenario Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
system. The 
environment is 

also locked to 

prevent 

unwanted 

connections. 

ID 06  AVAILABILITY: 
Attempt DoS 

attacks against BSP 

BSP platform 
can resist 

DoS attacks 

Ingoing to 
BSP 

BSP The aFRR 
aggregation 

platform is in 

the private 

environment. 

 
 

The 

informatio

n is 100% 

secured. 
 

 

 

 

CY-02 

ID 01 

Level 2 

(BSP<>TSO) 

AUTHENTICATION: 

Attempt to access 
TSO platform (e.g. 

via BSP 

impersonation) 

Only 

authenticate
d BSPs are 

allowed to 

submit bids 

Ingoing to 

TSO 

TSO Authentication 

requesting of 
sessions was 

checked to 

ensure the 

security of 

sessions. 

100% 

Login is 
required 

for a secure 

connection

. Session 

could not 
be stolen 

or 

replicated. 

ID 02  AUTHENTICATION: 

Attempt TSO 

impersonation to 
activate a bid 

Only allowed 

authenticate

d 
stakeholders 

can control 

the bids 

TSO>BSP BSP Authentication 

requesting of 

sessions was 
checked to 

ensure the 

security of 

protocol. 

100% 

The 

protocol 
requires a 

login 

credentials 

for every 

connection 
to be 

established

. 

ID 03  INTEGRITY: Attempt 

BSP hacking to 

compromise 
outgoing 

information 

Detect 

compromise

d integrity  

BSP > TSO TSO Comunication 

protocol was 

tested for 
compromising 

BSP outgoing 

traffic. 

100% [OK] 

Communic

ation 
between 

BSP and 

TSO is 

secured by 

TLS 
protocol. 

BSP and 

TSO 

certificates 

are trusted 
to each 

other. 
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Group 

ID 

Group of 

Scenarios 

Test scenario Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
ID 04  CONFIDENTIALITY: 

attempt to spy 

TSO/BSP 

communication 

Information 
is protected 

from 

unauthorized 

access 

TSO<>BSP TSO/BSP 
links 

Comunication 
protocol was 

tested for 

traffic 

confidentiality. 

100% [OK] 
Communic

ation 

between 

BSP and 

TSO is 
secured by 

TLS 

protocol. 

BSP and 

TSO 
certificates 

are trusted 

to each 

other. 

ID 05  CONFIDENTIALITY: 

attempt to access 
protected 

information stored 

at TSO level 

Information 

is protected 
from 

unauthorized 

access 

Ingoing to 

TSO 

TSO  Application and 

native 
database 

resource were 

checked for 

authentication 

requesting on 
resources 

access. 

100% [OK] 

Database 
and 

application 

resources 

access 

requires 
login. 

 

ID 06  AVAILABILITY: 

Attempt DoS 

attacks against TSO 

platform 

TSO platform 

can resist 

DoS attacks 

Ingoing to 

TSO 

TSO Network 

components 

network were 

checked for 
vulnerabilities 

and attacks. 

100% 

Tests have 

not been 

able to find 
the 

presence of 

misconfigu

red ports or 

bad 
network 

configurati

ons. 

CY-03 

ID 01 

Level 3 

(TSO<> FF 

Cloud) 

AUTHENTICATION: 

Attempt to access 

FF Cloud platform 

Only 

authorized 

entities can 
access FF 

Cloud 

platform 

Ingoing to FF 

Cloud 

FF Cloud Authentication 

of sessions 

before any 
information is 

accessible was 

assessed to 

ensure the 

security of 
data. 

100% [OK] 

Levels of 

access per 
authorizati

on ensure 

approapria

te 

enforceme
nt of data 

ccess 

rights. 

ID 02  AUTHENTICATION: 

Attempt FF Cloud 

impersonation to 
interact with TSO 

Only allowed 

authenticate

d TSO can 
control the 

bids 

FF Cloud > 

TSO 

TSO Authorization-

based access to 

control of bids 
was evaluated 

to ensure 

security of 

operations and 

integrity of 
data. 

100% [OK] 

Levels of 

access per 
authorizati

on ensure 

approapria

te 

enforceme
nt of data 

ccess 

rights. 

ID 03  INTEGRITY: Attempt 

TSO hacking to 

compromise 
outgoing 

information 

Detect 

compromise

d integrity  

TSO > FF 

Cloud 

FF Cloud Communicatio

n protocol was 

tested for 
compromising 

TSO-to-FF 

Cloud outgoing 

traffic. 

100% [OK] 

Communic

ation 
between 

TSO and FF 

Cloud is 

secured by 

TLS 
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Group 

ID 

Group of 

Scenarios 

Test scenario Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
protocol.  

ID 04  INTEGRITY: Attempt 

FF Cloud hacking to 

compromise 
outgoing 

information 

Detect 

compromise

d integrity  

Ingoing to 

TSO 

TSO Communicatio

n protocol was 

tested for 
compromising 

FF Cloud-to-

TSO outgoing 

traffic. 

100% [OK] 

Communic

ation 
between 

TSO and FF 

Cloud is 

secured by 

TLS 
protocol.  

ID 05  CONFIDENTIALITY: 

attempt to spy TSO 

/ FF Cloud 

communication 

Information 

is protected 

from 

unauthorized 

access 

TSO <> FF 

Cloud 

TSO/FF 

Cloud links 

Communicatio

n protocol 

(data in-transit) 

was tested for 

compromising 
FF Cloud-to-

TSO outgoing 

traffic. 

100% [OK] 

Communic

ation 

between 

TSO and FF 
Cloud is 

secured by 

TLS 

protocol.  

ID 06  CONFIDENTIALITY: 

attempt to access 
protected 

information stored 

at FF Cloud level 

Information 

is protected 
from 

unauthorized 

access 

Ingoing to FF 

Cloud 

FF Cloud Authentication 

and 
authorization 

(data at-rest) in 

FF Cloud was 

evaluated. 

100% [OK] 

Unauthenti
cated users 

get no 

access to 

the system. 

Authorized 
users get 

access 

(read/write

) solely to 

those areas 
to which 

they are 

enlightene

d. 

ID 07  AVAILABILITY: 

Attempt DoS 
attacks against FF 

Cloud 

FF Cloud 

platform can 
resist DoS 

attacks 

Ingoing to FF 

Cloud 

FF Cloud Application 

stability was 
evaluated 

under DoS 

attack. 

100% [OK] 

DoS 
attacks are 

rejected at 

SAP Cloud 

Platform 

level. 

 

2.6 Level 6: Scalability testing  

Scalability testing is done based on simulations only. Simulations are performed within 

FutureFlow DEMO site where CAFx and LFC models are run under various conditions and 

numbers of TSO, BSP, bids to derive time complexity vs number of variables relationships. 

Test objective: Scalability on simulation platforms (e.g.  FutureFlow DEMO site, FF Cloud 

platform) of CAFx optimization functionality vs time complexity.  

Table 2-12: Test scenarios, UC1, Scalability. 

Group 

ID 

Group of 

Scenarios 

Test scenario Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
SC-01 

ID 01 

Optimization 

time, Base 

case 

Base case, 4x TSO, conventional 

units only, 1 bid/unit/CZ, 

Option1 

Simulation 

time  

NA FutureFlow 

DEMO site 

Base case CD for 

future reference, 

Simulation time 

0.017 s 

100 % 

[OK] 
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3 Pilot tests Use case 2 Test scenarios 
Use case 2 allows bid activations within the same cross zone only, from the local MOL. Tests are 

organized into two groups: performance tests of VPP units/products, and test scenarios. 

3.1 Performance tests  

Performance tests were executed before UC2 scenarios testing has commenced. The main objective 

of performance tests was to qualify VPPs with their different DR/DG portfolios. The performance 

(prequalification) signals are described in D4.1. Together over 50 performance tests were executed on 

all four available VPPs. Some tests were repeated as consequence of first time trials as part of pilot 

tests. All prequalification tests were executed and checked for adequacy, before VPPs were allowed to 

enter UC2 testing phase. 

ID 02  Base case, 4x TSO, conventional 

units only, 1 bid/unit/CZ, 

Option2 

Simulation 

time, IN 

netting 

NA FutureFlow 

DEMO site 

Base case CT for 

future reference, 

Simulation time 
0.020 s 

 

100 % 

[OK] 

 

SC-02 

ID 01 

Optimization 

time, Scale, 

conventional 

units bids 

Scale case, 4x TSO, conventional 

units, Nx bid/CZ (N = 10, ... 1000), 

Option1 

Simulation 

time  

NA FutureFlow 

DEMO site 

Simulation time 

linear with respect 

to N conventional 

bids. At very high N 
quadratic 

dependency. 

 

100 % 

[OK] 

 

ID 02  Scale case, 4x TSO, conventional 

units only, Nx bid/CZ (N = 10, ... 

1000), Option2 

Simulation 

time, IN 

netting 

NA FutureFlow 

DEMO site 

CT Simulation time 

10% higher. 

 

100 % 

[OK] 

 

SC-03 
ID 01 

Optimization 
time, Scale, 

conventional 

units and 

DR/DG 

Scale case, 4x TSO, conventional 
units and Mx DR/DG, 1 

bid/unit/CZ (Mx = 10, ... 1000), 

Option1 

Simulation 
time  

NA FutureFlow 
DEMO site 

Simulation time 
linear with respect 

to M number of 

DR/DG bids. 

 

100 % 
[OK] 

 

ID 02  Scale case, 4x TSO, conventional 
units and M DR/DG, 1 bid/unit/CZ 

(M = 10, ... 1000), Option2 

Simulation 
time, IN 

netting 

NA FutureFlow 
DEMO site 

CT Simulation time 
10% higher. 

 

 

100 % 
[OK] 

 

SC-04 

ID 01 

Optimization 

time, Scale 

units and 
bids 

Scale case, 4x TSO, conventional 

units and Mx DR/DG, Ox bid/CZ, 

O > M, Option1 

Simulation 

time  

NA FutureFlow 

DEMO site 

Simulation time 

linear with respect 

to N conventional 
bids. At very high N 

quadratic 

dependency. 

 

 

100 % 

[OK] 

 

ID 02  Base case, 4x TSO, conventional 
units and Mx DR/DG, Ox bid/CZ, 

O > M, Option2 

Simulation 
time, IN 

netting 

NA FutureFlow 
DEMO site 

CT Simulation time 
10% higher. 

 

 

100 % 
[OK] 

 

SC-05 

ID 01 

Optimization 

time, Scale 

units, bids, 
TSO 

Scale case, Px TSO (P = 5, ... 50), 

conventional units and Mx 

DR/DG, Ox bid/CZ, O > M, 
Option1 

Simulation 

time  

NA FutureFlow 

DEMO site 

Simulation time 

linear, but the 

worst case can be 
estimated as 

quadratic. 

 

100 % 

[OK] 

 

ID 02  Base case, Px TSO (P = 5, ... 50), 

conventional units and Mx 

DR/DG, Ox bid/CZ, O > M, 
Option2 

Simulation 

time, IN 

netting 

NA FutureFlow 

DEMO site 

CT Simulation time 

10% higher. 

 
 

100 % 

[OK] 
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capacity is only simulated, based on prior known behavior of conventional units, LFC of each 

control zone and DR/DG unit responses.  This scenario is performed as a simulation only. 

Test objective: Different proportions of DR/DG vs. conventional units (e.g. 10-90 %) of the all 

aFRR capacity activations from all control zones for a given hourly bid interval.  

Table 3-3: Test scenarios, UC2: DR/DG proportion of full activations. 

Grou

p ID 

Group of 

Scenario

s 

Test 

scenario 

Expected 

result 

Comm. 

Directio

n 

Location Test  

Comments 

Test 

Results 

DA-01 

ID-01 

DR/DG 

proportion 

of whole 
actions 

changing 

DR/DG 

proportion set 

to lower bound, 
approximately 

10 %. 

ACE 

performance 

is as with 
conventional 

units. 

FutureFlow 

DEMO site-

BSP-FF 
Cloud 

platform 

FutureFlow 

DEMO site, 

BSP, FF 
Cloud 

platform 

Testing OK. Not 

done with real 

units, simulated 
test. 

[OK] 

ID-02  DR/DG 

proportion set 

to middle 

proportion, 
approximately 

50 %. 

ACE 

performance 

is as with 

conventional 
units. 

FutureFlow 

DEMO site-

BSP-FF 

Cloud 
platform 

FutureFlow 

DEMO site, 

BSP, FF 

Cloud 
platform 

Testing OK. Not 

done with real 

units, simulated 

test. 

[OK] 

ID-03  DR/DG 

proportion set 

to upper bound, 

approximately 
90 %. 

ACE 

performance 

is as with 

conventional 
units. 

FutureFlow 

DEMO site-

BSP-FF 

Cloud 
platform 

FutureFlow 

DEMO site, 

BSP, FF 

Cloud 
platform 

Testing OK. Not 

done with real 

units, simulated 

test. 

[OK] 

 

3.2.4 DR/DG MOL positions 

The assessment of relative merits of DR/DG bid depending of it positions within MOL are tested 

on simulation. Relative positioning of DR/DG bids within MOL is achieved by pricing of bids. 

Test objective: Evaluate different positions of DR/DG bids on MOL (beginning, middle, end of 

MOL). 

Table 3-4: Test scenarios, UC2: DR/DG MOL positions. 

Group 

ID 

Group of 

Scenarios 

Test scenario Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
DC-01 

ID-01 

DR/DG bid 

positions 

DR/DG bids are placed at the 

beginning of CMOL, rest are 

populated by conventional 

units. 

Bids are 

activated 

according to 

CMOL and 

setpoints of 
units. 

FutureFlow 

DEMO site-

BSP-FF 

Cloud 

platform 

FutureFlow 

DEMO site, 

BSP, FF 

Cloud 

platform 

Tests for VPP 

SI, VPP HU, 

VPP  RO 

repeated due 

to units 
unavailability 

and VPP bad  

responses. 

100 % 

[OK] 

ID-02  DR/DG bids are placed in the 

middle of CMOL, rest are 

populated by conventional 
units. 

Bids are 

activated 

according to 
CMOL and 

setpoints of 

units. 

FutureFlow 

DEMO site-

BSP-FF 
Cloud 

platform 

FutureFlow 

DEMO site, 

BSP, FF 
Cloud 

platform 

Tests for VPP  

RO repeated 

due to units 
unavailability 

and VPP bad  

responses. 

100 % 

[OK] 

ID-03  DR/DG bids are placed at the 

end of CMOL, rest are 

populated by conventional 
units. 

Bids are 

activated 

according to 
CMOL and 

setpoints of 

units. 

FutureFlow 

DEMO site-

BSP-FF 
Cloud 

platform 

FutureFlow 

DEMO site, 

BSP, FF 
Cloud 

platform 

Testing OK. 

No tests were 

repeated. 
Only VPP SI 

was 

activated, 

others didn’t 

100 % 

[OK] 
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Group 

ID 

Group of 

Scenarios 

Test scenario Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
qualify on 
CMOL. 

4 Use case 3 Test scenarios  

Use case 3 allows for cross zone bid activations from CMOL that is formed of bids from all 

control zones. This is a natural extension of Use case 2. 

It should be mentioned that in UC3 tests we used continuous activation rather than step-wise 

activation as in UC2 tests. Since setpoint signals was highly dynamic (de)activations of VPPs 

were more often in UC3. The setpoint has caused activations in range of full bid capacities 

several times in few minutes time interval. This put a large amount of physical stress and 

mechanical oscilations on DR/DGs rotary masses. The strategy was therefore changed to 

continuous-wise activations with implementation of setpoint signal low-pass filter, which 

enabled continuous signal sent to VPPs and forwarded to DR/DGs. 

4.1 Use case 3 Test scenarios 

Test scenarios in UC3 consider cross border flows and activations. Majority of test scenarios 

are the same as in UC2, but with added cross border flows and with bids from all control zones, 

activated from CMOL. Different proportions of cross zonal ATC are specifically evaluated.  

4.1.1 ACE signal behaviour  

Test objective: Under various ACE conditions: typical (e.g. 1-2 via zero crossings per hour), 

extreme, (e.g. positive and negative deviation per each control zone), without netting 

potential.  

Table 4-1: Test scenarios, UC3: ACE signal behaviour. 

Group 

ID 

Group of 

Scenarios 

Test 

scenario 

Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
AB-01 

ID-01 

ACE behaviour Positive ACE, 

per control 

zone. 

Bid 

activations 

follow 
CMOL, 

setpoints 

follow as 

required by 

real time 
ACE. 

FutureFlow 

DEMO site-

BSP-FF 
Cloud 

platform 

FutureFlow 

DEMO site, 

BSP, FF 
Cloud 

platform 

Tests for all 

VPPs were 

repeated due to 

necessity 

setpoint of filter 

implementation. 

100 % 

[OK] 

ID-02  Negative ACE, 

per control 

zone. 

Bid 

activations 

follow 

CMOL, 
setpoints 

follow as 

required by 

real time 

ACE. 

FutureFlow 

DEMO site-

BSP-FF 

Cloud 
platform 

FutureFlow 

DEMO site, 

BSP, FF 

Cloud 
platform 

Testing OK. 

No tests were 

repeated. 

100 % 

[OK] 

ID-03  ACE positive-
negative, per 

control zone. 

Bid 
activations 

follow 

CMOL, 

FutureFlow 
DEMO site-

BSP-FF 

Cloud 

FutureFlow 
DEMO site, 

BSP, FF 

Cloud 

Tests for VPP  
RO repeated due 

to units 

unavailability. 

100 % 
[OK] 
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Group 

ID 

Group of 

Scenarios 

Test 

scenario 

Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
setpoints 
follow as 

required by 

real time 

ACE. 

platform platform 

 

4.1.2 Regular day, extreme day  

Test objective: Day characteristics are expressed in the shape of open loop ACE. 

Table 4-2: Test scenarios, UC3: Regular, extreme day. 

Group 

ID 

Group of 

Scenarios 

Test scenario Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
RE-01 

ID-01 

Day 

characteristics 

of ACE open loop 

changes 

Open loop ACE on regular day. Bid 

activations 

follow CMOL, 

ACE 
performance 

is 

satisfactory. 

FutureFlow 

DEMO site-

BSP-FF 

Cloud 
platform 

FutureFlow 

DEMO site, 

BSP, FF 

Cloud 
platform 

Tests for VPP  

RO repeated 

due to units 

unavailability. 

100 % 

[OK] 

ID-02  Open loop ACE on extreme day, 

special event or similar. 

Bid 

activations 

follow CMOL, 
ACE 

performance 

is 

satisfactory. 

FutureFlow 

DEMO site-

BSP-FF 
Cloud 

platform 

FutureFlow 

DEMO site, 

BSP, FF 
Cloud 

platform 

Tests for VPP  

RO repeated 

due to units 
unavailability. 

100 % 

[OK] 

 

4.1.3 DR/DG proportion of full activations 

This scenario is performed as a simulation only. Proportion of DR/DG is achieved by pricing of 

bids and number of bids accepted in CMOL. 

Test objective: Different proportions of DR/DG vs. conventional units (e.g. 10-90 %) of the all 

aFRR capacity activations from all control zones for a given hourly bid interval.  

Table 4-3: Test scenarios, UC3: DR/DG proportion of full activations. 

Group 

ID 

Group of 

Scenarios 

Test scenario Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
DA-01 

ID -01 

DR/DG 

proportion of 
whole actions 

changing 

DR/DG 

proportion set to 
lower bound, 

approximately 10 

%. 

ACE 

performance 
is as with 

conventional 

units. 

FutureFlow 

DEMO site-
BSP-FF 

Cloud 

platform 

FutureFlow 

DEMO site, 
BSP, FF 

Cloud 

platform 

Testing OK. 

Not done with 
real units, 

simulated 

test. 

100 % 

[OK] 

ID -02  DR/DG 

proportion set to 

middle 
proportion, 

approximately 50 

%. 

ACE 

performance 

is as with 
conventional 

units. 

FutureFlow 

DEMO site-

BSP-FF 
Cloud 

platform 

FutureFlow 

DEMO site, 

BSP, FF 
Cloud 

platform 

Testing OK. 

Not done with 

real units, 
simulated 

test. 

100 % 

[OK] 

ID -03  DR/DG 

proportion set to 

upper bound, 
approximately 90 

%. 

ACE 

performance 

is as with 
conventional 

units. 

FutureFlow 

DEMO site-

BSP-FF 
Cloud 

platform 

FutureFlow 

DEMO site, 

BSP, FF 
Cloud 

platform 

Testing OK. 

Not done with 

real units, 
simulated 

test. 

100 % 

[OK] 
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4.1.4 DR/DG CMOL positions 

Relative positioning of DR/DG bids within CMOL is achieved by pricing of bids. 

Test objective: Evaluate different positions of DR/DG bids on CMOL (beginning, middle, end of 

CMOL). 

Table 4-4: Test scenarios, UC3: DR/DG CMOL positions. 

Group 

ID 

Group of 

Scenarios 

Test scenario Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
DC-01 

ID -01 

DR/DG bid 

positions 

DR/DG bids are 

placed at the 

beginning of CMOL, 
rest are populated by 

conventional units. 

Bids are 

activated 

according to 
CMOL and 

setpoints of 

units. 

FutureFlow 

DEMO site-

BSP-FF 
Cloud 

platform 

FutureFlow 

DEMO site, 

BSP, FF 
Cloud 

platform 

Tests for VPP  RO 

repeated due to 

units 
unavailability. 

100 % 

[OK] 

ID -02  DR/DG bids are 

placed in the middle 

of CMOL, rest are 
populated by 

conventional units. 

Bids are 

activated 

according to 
CMOL and 

setpoints of 

units. 

FutureFlow 

DEMO site-

BSP-FF 
Cloud 

platform 

FutureFlow 

DEMO site, 

BSP, FF 
Cloud 

platform 

Tests for VPP HU, 

VPP  RO repeated 

due to units 
unavailability. 

100 % 

[OK] 

ID -03  DR/DG bids are 

placed at the end of 

CMOL, rest are 
populated by 

conventional units. 

Bids are 

activated 

according to 
CMOL and 

setpoints of 

units. 

FutureFlow 

DEMO site-

BSP-FF 
Cloud 

platform 

FutureFlow 

DEMO site, 

BSP, FF 
Cloud 

platform 

Testing OK. No 

tests were 

repeated. Only VPP 
AT was activated, 

others didn’t 

qualify on CMOL. 

100 % 

[OK] 

 

4.1.5 ATC dependence  

ATC are only changed on 1 hour resolution, so usage and congestions upon ATC are observed 

only on subsequent CMOL periods (also happening with 1 hour period). 

Test objective: ATC on control zone borders changes (e.g. 0-100 %).  

Table 4-5: Test scenarios, UC3: DR/DG CMOL positions. 

Group 

ID 

Group of 

Scenarios 

Test scenario Expected result Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
AT-01 

ID -01 

ATC dependence ATC is fully available, 

more that required 

aFRR activation in any 

control zone 

All bids are activated 

unrestricted as 

specified by CMOL 

FutureFlow 

DEMO site-

BSP-FF 

Cloud 
platform 

FutureFlow 

DEMO site, 

BSP, FF 

Cloud 
platform 

Tests for VPP  

RO repeated 

due to units 

unavailability. 

100 % 

[OK] 

ID -02  ATC is partially 

available on specific 

control zone borders, 

not full aFRR capacity 

is possible to be 
activated on cross 

border. 

Bids are activated, but 

CMOL and setpoints 

are scheduled 

according to ATC 

restrictions. 

FutureFlow 

DEMO site-

BSP-FF 

Cloud 

platform 

FutureFlow 

DEMO site, 

BSP, FF 

Cloud 

platform 

Tests for VPP  

RO repeated 

due to units 

unavailability. 

100 % 

[OK] 

ID -03  ATC is not available on 

specific control zone 

borders. 

Bids are activated, but 

CMOL and setpoints 

are scheduled 

according to only on 
cross borders with 

available ATC. 

FutureFlow 

DEMO site-

BSP-FF 

Cloud 
platform 

FutureFlow 

DEMO site, 

BSP, FF 

Cloud 
platform 

Tests for VPP 

SI, VPP HU, 

VPP  RO 

repeated due 
to units 

unavailability. 

100 % 

[OK] 

ID -04  ATC is not available on  FutureFlow FutureFlow Tests for VPP 100 % 
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Group 

ID 

Group of 

Scenarios 

Test scenario Expected result Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
any control zone 
borders. 

DEMO site-
BSP-FF 

Cloud 

platform 

DEMO site, 
BSP, FF 

Cloud 

platform 

HU, VPP  RO 
repeated due 

to units 

unavailability. 

[OK] 
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5 Use case 4 Test scenarios 

5.1 Use case 4 Test scenarios 

Test scenarios in UC4 consider DR/DG changing participation with two BSPs within single 

control zone and both BSP are part of the same balance group. Change from BSP1 to BSP2 is 

allowed only longer time period, called delta time. Tests are performed under controlled 

laboratory conditions and limited scope. Goal is to make a complete cycle from bidding, bid 

acceptance, MOL placement and bid activation from BSP1 and after delta time BSP2. 

5.1.1 DR/DG changing between BSPs  

A prerequisite is that DR/DG has done performance tests with both BSPs.  

Test objective: Changing DR/DG participation between two BSPs.  

Table 5-1: Test scenarios, UC4: DR/DG changing BSP. 

Group 

ID 

Group of 

Scenarios 

Test scenario Expected 

result 

Comm. 

Direction 

Location Test  

Comments 

Test 

Results 
DB-01 
ID -01 

DR/DG changing 
BSP 

DR/DG complete process 
with BSP1, after delta 

time, complete process 

with BSP2. 

Activation of bid 
from BSP1 and 

after delta time 

from BSP2 is 

done. 

BSP1-
DR/DG, 

BSP2-

DR/DG 

BSP1, BSP2, 
DR/DG 

The 
implementation 

of this test was 

technically not 

possible and 

DR/DGs were 
not able to 

change BSP 

provider when 

testing was in 

progress. The 
issues where of 

IT nature since 

BSP’s software 

does not 

support this 
functionality. 

[NIM] 
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Figure 6.2: Process function modeling the VPP response to a 10 MW step function. 

6.1 UC2 

The defining characteristics of UC2 is that here the ATC values on all borders in both directions are 

set to 0 MW thus prohibiting the flow through the borders. 

6.1.1 VPPs on MOL low positions 

The results are presented in table : 6-1. The column 'FF' presents a summary for all four participating 

TSO. The classic units provide 352.4 MWh whereas the VPP units provide 39.8 MWh of balancing 

aFRR energy yielding the DR/DG proportion of approximatelly 10 percent. 

Table: 6-1: Zonal balancing aFRR energies in hours 94 and 95. 

  ELES APG MAVIR TEL FF 

Classic [MWh] 36.2 91.5 26.4 198.2 352.4 
VPPs  [MWh] 3.2 10.7 11.7 14.3 39.8 

VPP proporiton percent 8.2 10.4 30.6 6.7 10.2 

 

DR/DG proportion of 10.2 percent is valid for all four TSOs. Individual zonal values values vary from 

the low of 6.7 percent in TEL to as high of 30.6 percent in MAVIR1. Figure 6.3 presents the results in 

the form of time series for hours 94 and 95. 

 
1 This particular result is due to the rather high self reported value of its ballancig needs in Deliverable D1.2, see 
also the variation of the OLACE time series in Figure 6.3. 
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Figure 6.10: Time series for simulation UC3_DA-01_ID-01, VPP on low position in MOL. 

 

Figure 6.11: Time series for simulation UC3_DA-01_ID-02, VPP on low position in MOL. 
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Figure 6.14: Time series for simulation UC3_DA-01_ID-02, VPP on mid position in MOL. 

 

Figure 6.15: Time series for simulation UC3_DA-01_ID-03, VPP on mid position in MOL. 

 

6.2.3 UC3 summary 

Figure 6.16 presents a summary of chapter 6.2. Horizontal lines present the required levels of DR/DG 

proportion of full activations: 10 %, 50 % and 90 %. A diagonal line divides into upper and lower 

triangle. 
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Figure 6.16: Summary UC3. 
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Figure 8.2: Compliant performance VPP test 1: Steady setpoint signal. 

The second VPP response was also qualified as compliant where the VPP activated power was inside 

the envelope boundaries for the entire time of the test. The setpoint signal in this case was a lot more 

dynamic compared to the one on figure 8.2. As you can see from figure 8.3 the setpoint has changed 

from full positive bid capacity to full negative bid capacity and the other way for a few times in short 

interval (e.g. 5 min). However this did not disturb the DR/DGs operations and the performance was 

stable despite the highly dynamic setpoint. Table 8-2 shows VPPs DR/DG portfolio for this test. Note 

that there are only 2 DR/DGs in this portfolio with large difference in capacities. This shows that good 

performance can still be done with small amount of DR/DGs. Explanation for VPP with small pool of 

DR/DG units is explained in chapter 8.5. 

Table 8-2: Compliant performance VPP test 2. 

DR/DG type Negative capacity 
share 

Positive capacity 
share 

Industrial prrocess 93.03 % 100 % 

CHP 6.97 % 0 % 

Capacity reserves 6.97 % 0 % 
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Figure 8.3: Compliant performance VPP test 2: Dynamic setpoint signal. 

The last VPP test we present is shown in figure 8.4. This has a VPP portfolio that is combined only of 

renewables and includes hydro and solar power plants. Both of these sources were contributing 100 

% of their capacity to the VPP bid, hydro power plant for positive capacity and solar power plant for 

negative capacity, resulting in 0 % reserves. The response power was inside the envelope boundaries 

with the exception solar power plants when negative activation has ended. The consequences for 

this are described in 8.4. In both cases hydro and solar have responded well, and even though this 

was a part of prequalification test, where the setpoint signal is relatively easy to follow with the 

response it still shows, that portfolio with renewables can respond accordingly. 

Table 8-3: Compliant performance VPP test 3. 

DR/DG type Negative capacity 
share 

Positive capacity 
share 

Hydro 0 % 100 % 

Solar 100 % 0 % 

Capacity reserves 0 % 0 % 

 

 

Figure 8.4: Compliant performance VPP test 3: Including solar plants. 

8.2 Partially compliant performances 

The partially compliant performed VPP tests have shown moderate deviation from envelope bounds. 

The following figures show 3 VPP tests that had partially compliant performance. VPP test 4 shown in 

figure 8.5 has performed perfectly in first half of the test when setpoint was positive. In the other half 

however when setpoint was negative the performance was worse. This did not had anything to do 

with DR/DGs which by themselves performed well, but rather with incorrect VPP baseline 

adjustment, which were early-stage issues in VPP tests described in 8.4. 

Table 8-4: Partially compliant performance VPP test 4. 

DR/DG type Negative capacity 
share 

Positive capacity 
share 

Elecrotlysis process 0 % 61.85 % 

Diesel 0 % 38.14 % 
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Biogas 43.15 % 0 % 

Hydro 48.96 % 0 % 

Wind 7.88 % 0 % 

Capacity reserves 10.2 % 3.09 % 

 

 

Figure 8.5: Partially compliant performance VPP test 4. 

VPP test 5 shown in figure 8.6 had only negative setpoint. In this portfolio we had three different 

technologies as seen in table 8.5. Biogas plants have also provided the capacity reserves. In the 

response curve a deviation from setpoint can be seen, which is the result of inadequate wind 

forecast. This causes the power provided from wind units to add a volatility to the common VPP 

response. The biogas plants however did managed to provide extra power for regulation of 

deviations up to some extent. The response would perform even better if highly dispatchable units 

with fair amount of capacity for reserve power would be included such as hydro or diesel. 

Table 8-5: Partially compliant performance VPP test 5. 

DR/DG type Negative capacity 

share 

Positive capacity 

share 

Biogas 87.44 % 0 % 

Hydro 6.11 % 0 % 

Wind 6.43 % 0 % 

Capacity reserves 26.65 % 0 % 
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Figure 8.6: Partially compliant performance VPP test 5. 

The VPP test 6 is a dynamic setpoint signal test with only 2 DR/DGs. Here we can see that one DR/DG 

is dominant in positive capacity share and negative capacity is spread amongst two DR/DGs. In the 

first part of the test where positive setpoint prevails, it can be seen that problems occur when one 

DR/DG has all the capacity share with no reserve capacity. In this particular case shown on figure 8.7 

the industrial process had capacity that was small compared to the one in VPP test 2. In addition the 

process itself seems had unstable operation which causes oscillations in VPP response and not 

reaching the target setpoint. When negative setpoint is sent the VPP responds accordingly with 

slightly large time constant. 

Table 8-6: Partially compliant performance VPP test 6. 

DR/DG type Negative capacity 
share 

Positive capacity 
share 

Industrial process 70.17 % 100 % 

CHP 29.83 % 0 % 

Capacity reserves 15.79 % 0 % 

 

 

Figure 8.7: Partially compliant performance VPP test 6. 

VPP test 7 shows partially compliant performed response with large mix of DR/DG technologies. The 

positive capacity is shared among electrolysis and diesel, while negative capacity is more spread 

among other technologies as well. In figure 8.8 we can see that large negative spikes and power 
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oscillations do occur during the test even when setpoint is fairly stable. The cause behind this is the 

electrolysis process. The test was performed during the time that aluminum electrolysis process in 

the factory were switched and regulated their power resulting in a large power swings. Even though 

VPP had a fair share of reserve negative capacity it still wasn't enough to control the power swings. 

The performance of positive power control on the other hand was successful and had a good 

response. 

Table 8-7: Partially compliant performance VPP test 7. 

DR/DG type Negative capacity 
share 

Positive capacity 
share 

Elecrotlysis process 19.26 % 35.4 % 

Diesel 0 % 64.6 % 

Biogas 31.79 % 0 % 

CHP 9.63 % 0 % 

Hydro 39.31 % 0 % 

Capacity reserves 21 % 2.65 % 

 

 

Figure 8.8: Partially compliant performance VPP test 7. 

8.3 Non-compliant performances 

VPP test 8 on figure 8.9 shows non-compliant performed test including only renewables. The test 

itself had only negative setpoints. Most of the VPP portfolio was comprised of solar power plants and 

minority of capacity was provided by hydro plants which were in reserves most of the time. The first 

negative response was sufficient until setpoint was 0 and the DR/DG returned to its baseline. The 

second negative response has performed poorly due to volatile local weather and insufficient solar 

power production forecast, no reserve capacity was activated during that time. Finally the third 

negative response was sufficient since negative reserves from hydro plants were also activated. 

Overall this case is a good example that forecasting of production base line plays a crucial role in 

VPP response when portfolio has only renewables. 

Table 8-8: Non-compliant performance VPP test 8. 
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DR/DG type Negative capacity 
share 

Positive capacity 
share 

Hydro 16.67 % 0 % 

Solar 83.33 % 0 % 

Capacity reserves 16.67 % 0 % 

 

Figure 8.9: Non-compliant performance VPP test 8. 

VPP test 9 was also a test with only renewables, but also with wind power plants included. First half 

of the test with positive setpoint shows that reponse has become stable once the solar and wind 

power plants were turned off and only hydro power was used for VPP response. When negative 

setpoint occured hydro plants were turned off and VPP operated only with solar and wind generated 

power. The weather in this case was also very volatile and power production forecasts were 

insufficient. As a result the response was out of the envelope scope most of the time. In such cases it 

would be reasonable to add highly dispatchable DR/DGs to capacity reserves for negative VPP 

capacity. 

Table 8-9: Non-compliant performance VPP test 9. 

DR/DG type Negative capacity 

share 

Positive capacity 

share 

Hydro 0 % 100 % 

Solar 55.56 % 0 % 

Wind 44.44 % 0 % 

Capacity reserves 0 % 0 % 
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Figure 8.10: Non-compliant performance VPP test 9. 

The last shown response is VPP test 10. This test had only positive setpoint therefore only hydro 

DR/DG (one power plant) was activated. In this particular case shown in figure 8.11 the hydro power 

plant already had a relative small supplies of water in storage reservoir. Because setpoint was mostly 

on full positive value in the first half of the test the water was quickly drained from the reservoir and 

the hydro plant wasn't able to perform in the second half of the test. This could be avoided if capacity 

reserves would be added to the portfolio to cover for such events. 

Table 8-10: Non-compliant performance VPP test 10. 

DR/DG type Negative capacity 

share 

Positive capacity 

share 

Hydro 0 % 100 % 

Solar 100 % 0 % 

Capacity reserves 0 % 0 % 

 

 

Figure 8.11: Non-compliant performance VPP test 10. 
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8.4 DR/DG response issues 

During pilot tests there were technical issues with DR/DG units, especially in early stages of testing. 

In most cases pilot tests were executed 2 to 3 times per week. These issues were addressed and 

solved during off days when no pilot tests were performed. Some of the issues are addressed in 8.1, 

8.2 and 8.3. In general there were some technical VPP and DR/DG issues that were quite common 

while performing pilot tests and are described in this chapter. 

8.4.1  DR/DG operation at setpoint 0 

Figure  8.12 shows a prequalification test with lot of zero to non-zero setpoint changes. It was shown 

that any non-zero setpoint that was sent to VPP activated DR/DGs and when setpoint equal 0 was 

sent to VPP it deactivated its DR/DGs. Consequently when DR/DGs were deactivated they returned 

to their baseline operation but VPP was still sending measurements for another 5 minutes. After 5 

minutes of deactivated state the sent measurements were set to 0 by VPP until the next activation. 

This behavior is shown on Figure  8.12 in red circles. Generally in normal operation for secondary 

services this shouldn’t present significant problem as when VPP falls out of bids activated on MOL 

due to its high price, it can go back to scheduled operation. It is however not permitted that VPP 

would return to its scheduled operation while it received setpoint 0, but its bid is still active. We 

would also like to emphasize that such behavior is not considered as non-compliant behavior within 

the FutureFlow project. However, this shouldn’t prejudice what is or isn’t acceptable behavior of VPP 

for respective TSO, since this requirements are defined in the Terms and Conditions for BSPs, which 

are developed respectively by individual TSO, and independently form this research project. 

 

Figure 8.12: VPP response returning baseline when setpoint is set to 0. 

8.4.2  Electrolysis process operation 

Another common pattern in response power was the problem with electrolysis unit, already 

mentioned in VPP test 7. Here the DR/DG has massive industrial pools where they produce aluminum 

using electrolysis smelting process. This results in large current flows through the pools electrodes 

and can cause large power swings during DR/DGs normal operation. Although the unit schedules 

their power consumption those power swings are possible due to the nature of technology used in 

the business process of this particular DR/DG. The red circle on figure 8.13 shows this power swing 

when an electrolysis process was in operation. 
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Figure 8.17: Deactivation of DR/DG in VPP test.  

 

Figure 8.18: Deactivation of DR/DG (green circle) and problems with gas plant control (violet 
circle). 

 

Figure 8.19: Highly dynamic setpoint and VPP response. 
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9.2 Forecasting technical KPIs 

The Mean Absolute Error (MAE) of the power predictions normalized by the capacity of the plant is 

used as the main metric in this work to evaluate forecasts.  

Besides MAE, other metrics often used in literature are the Root Mean Square Error (RMSE) and the 

Bias. The complementarity between MAE and RMSE is minimal and evaluating both values for each 

KPI would unnecessarily burden this report. Because MAE is less affected by outliers, but also 

because market penalizations are typically linearly dependent on the forecast error (and not 

quadratically dependent), MAE is considered to be the better choice of both metrics. The third metric 

Bias is only relevant for the standard model, as it is easily reduced to negligible values by most 

training methods. Still, the added value is considered small and it is chosen to keep a clean focus on 

MAE as a main metric instead. 

The forecasting technical KPIs are shown in a graphical way, as to demonstrate the dependency of 

the MAE as a function of forecast horizon and its variation over time, and as to illustrate the 

distribution of the prediction errors through means of cumulative density and scatter diagrams. 

The KPIs are evaluated for two wind plants BI_293, BI_294 and for two solar plants RO_316, RO_348. 

For the wind plants RO_309, RO_310 only four weeks of (non-zero) data could be collected. As 

evaluating technical KPIs for such a short period does not provide reliable results, these plants are 

disregarded in the further evaluation. 

9.2.1 Forecasting quality: Mean Absolute Forecast Error as a function of forecast horizon 

This KPI demonstrates how the autoregression method achieves higher accuracy (lower prediction 

errors) for shorter horizons. For longer horizons, as auto-correlation becomes negligible, the accuracy 

nears the accuracy of the standard and/or trained methods. For some demonstration plants, we see 

increased accuracy over remarkably long horizons compared to literature. On the one hand, this is a 

result of the improved way the autoregression forecast is calculated (compared to literature). On the 

other hand, it is also considered a result of abnormal / unforeseen operational conditions occurring 

during hours, days or even weeks in a row, such as outages, capacity reductions and erratic 

measurements, which deteriorate the standard and trained performance, but improve the 

autoregression forecast. 
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Figure 21: Mean Absolute Error of intra-day (blue) and day-ahead (black) Wind Power Predictions 
for BI_293 as a function of Horizon. 

 

Figure 22: Mean Absolute Error of intra-day (blue) and day-ahead (black) Wind Power Predictions 
for BI_294 as a function of Horizon. 
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Figure 23: Mean Absolute Error of intra-day (blue) and day-ahead (black) Solar Power 
Predictions for RO_316 as a function of Horizon. 

 

Figure 24: Mean Absolute Error of intra-day (blue) and day-ahead (black) Solar Power 
Predictions for RO_348 as a function of Horizon. 
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9.2.2 Forecasting quality: Mean Absolute Error as a function of time 

This KPI shows the evolution of the Mean Absolute Error over time. For the wind power predictions, 

the high variability is mostly related with wind speed. As power production is relative with the third 

power of wind speed, similar errors in predicted wind speed result in much higher production errors 

at high wind speed than at low wind speed. The error variability is much less for solar plants as is 

shown for RO_348. RO_316 on the other hand shows some extreme outliers, which are a result of 

prolonged outages. 

 

Figure 25: Daily (solid lines) and Monthly (dashed lines) MAE of day-ahead (brown) various intra-
day Wind Power Predictions for BI_293 as a function of Time. 
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Figure 26: Daily (solid lines) and Monthly (dashed lines) MAE of day-ahead (brown) various intra-
day Wind Power Predictions for BI_294 as a function of Time. 

 

Figure 27: Daily (solid lines) and Monthly (dashed lines) MAE of day-ahead (brown) various intra-
day Solar Power Predictions for RO_316 as a function of Time. 
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Figure 28: Daily (solid lines) and Monthly (dashed lines) MAE of day-ahead (brown) and various 
intra-day Solar Power Predictions for RO_348 as a function of Time. 

9.2.3 Forecasting quality: Cumulative Density of Prediction Error 

The Cumulative density function of the prediction errors reveals biases by showing distribution of 

negative and positive prediction errors. It can be seen that intraday forecasts reduce bias errors 

significantly. 






































































































