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Executive Summary 

This report consists the Deliverable D6.1 ñDELTA Lab Testing, Evaluation and Test Suite 

Specificationò and documents the overall context for the evaluation and validation of the 

deployment of the DELTA individual and integrated components at lab environment to 

exemplify their usage at a pre-pilot level. The activities described in this deliverable are the 

results of both T6.1 ñPlanning and Integration of individual components and overall DELTA 

Frameworkò and T6.3 ñT6.2 - Lab Deployment, Configuration, Testing & Validationò. 

 

Although this report has only one version, activities within follow an iterative approach, and 

will be included in the second version of the DELTA integrated framework on M32. The 

current report, presents the overall evaluation methodology, the preliminary testing for all 

individual and integrated DELTA components (Sections 3 and 5 respectively) as well as 

future plans (Sections 4 and 6 respectively) as testing is an ongoing procedure that follows 

progressively development and deployment stages. 

 

Following the requirement (D1.1/D1.5) and the architecture (D1.2/D1.6) this report 

establishes the testing methodology and delivers results, as these have been performed up to 

M24. Future testing activities will be included in D6.4 on M32 as part of the final integration 

report.  

 

Furthermore, this report includes information regarding the deployment of the DELTA 

components, both individually and integrated versions, at the living lab infrastructure at the 

CERTH/ITI smart house. A description is also provided for the testing that will follow at the 

JRC testbed facilities.  

 

This report signifies the importance of testing procedures as well as deployment and testing 

under real-life conditions before proceeding to the actual pilot cases. As demonstrated within 

its context most components are in a mature development status. There are components that 

require additional refinement before deployment to the pilots can be commenced, whereas 

others are already in a version that can adequately perform under real-life conditions.  

 

Extended evaluation and validation of each component, as well as of the overall integrated 

DELTA framework, are expected in the following months, the plan of which is depicted in 

the respective sections.  
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1.  Introduction  

1.1 Scope and objectives of the deliverable 

The purpose of this deliverable is to give a systematic methodology, results and a time 

schedule of the evaluation framework within DELTA. The overall activities are guided by the 

business scenarios and the technical use cases as analysed at D1.5 ñDELTA Requirements, 

Business Scenarios and Use Cases v2ò as well as the architectural interrelations and 

functional and non-functional requirements in D1.6 ñDELTA Overall Framework 

Architecture v2ò. This methodology and iterative procedure aims to ensure the compliance of 

the DELTA integrated framework with the DELTA vision.  

The evaluation activities performed up to M24 in this deliverable reflects the work performed 

in Task T6.1 ï ñPlanning and Integration of individual components and overall DELTA 

Frameworkò and T6.2 ï ñLab Deployment, Configuration, Testing & Validationò.  

Furthermore, beyond the individual and integrated testing performed up to M24 and planned 

for the remaining period, the lab deployment of the various DELTA components, as well as 

the DELTA framework at the Living Lab facilities in CERTH/ITI and JRC are elaborated.  

As will be demonstrated by the methodology followed, evaluation and testing activities were 

continuously updated and refined through an iterative process that lead to the production of 

multiple software and hardware releases. As this process will continue, and actually intensify 

in the following moths, any further activities will be documented in D6.4 on M32.  

1.2 Structure of the deliverable 

The document is structured as follows:  

¶ Section 2 provides an overview of the evaluation / testing methodology; 

¶ Section 3 presents testing results per individual component as have been performed up 

to M24; 

¶ Section 4 introduces the individual component testing plans for the next period; 

¶ Section 5 presents the integrated DELTA framework testing results as have been 

performed up to M24; 

¶ Section 6 introduces the integrated DELTA framework testing plans for the next 

period;  

¶ Section 7 provides information regarding deployment, evaluation and validation on 

the project pre-pilot testing facilities, and  

¶ Section 8 concludes the report  
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1.3 Relation to Other Tasks and Deliverables 

This report is directly linked with all technical activities of WP3, WP4, WP5 and WP6 that 

undertake development and integration of DELTA components. Finally, the evaluation of 

both individual and integrated components is based on the architecture and requirements 

defined in WP1, aiming to deliver the business objectives of WP2.  
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2. Development of the Testing Methodology 

Iterative testing is an important process in any software and hardware implementation process. After 

the development of a component it is imperative to test whether i) the initial implementation is robust, 

ii) the individual requirements for the specific component have been met, iii) how this component 

functions when integrated with other components, and finally iv) how the entire integrated system 

operates given the predefined business scenarios and technical use cases. Each of these tests is 

executed iteratively after a development process has reached a certain maturity level and there has 

been a stable version provided. In DELTA, for effectively providing viable solutions, the agile 

methodology has been followed for running the iterative process described. An indicative visual 

representation of the overall process is depicted in the following figure:  

 

Figure 1: Agile methodology for iterative testing in DELTA
1
  

Within DELTA, various types of tests have been foreseen (where and when applicable) to be executed 

to cover the above testing requirements, prior to the pilot execution. The following sections describe 

the testing levels used within DELTA. As both internal and external attributes of each component have 

been evaluated, the overall process follows the ñgrey-boxò testing where in some cases the 

components are examined as completely transparent entities (ñwhite-box testingò), whereas in other 

cases their overall functionality is tested as if nothing was known for the interior structure (ñblack-

boxò testing).  

2.1 Hardware Testing  

Within the core components of DELTA is the Fog-Enabled Intelligent Device (FEID). Besides 

software, DELTA delivers the hardware as well. As such, the various tests that have been performed 

during the manufacturing of this new hardware device are elaborated. 

                                                 
1
 http://www.qalab.co/agile-testing-process.html  

http://www.qalab.co/agile-testing-process.html
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2.2 Unit Testing  

This level of testing aims to evaluate the core building blocks of a software application. This type of 

testing is typically executed by the developers, and involves the testing of individual classes, or small 

clusters of classes (a package). Its main purpose is to ensure high quality in the design and 

implementation of classes, checking that these behave as expected and identifying ñbugsò prior to 

integrating these pieces of the code (packages) into the rest of the system. Early identification of 

ñbugsò is significantly more cost-effective than in later stages, especially for commercial and 

industrial environments, while it also ensures that the delivered component will be stable and 

resource-wise efficient under normal operation. Some of the most common metrics examined during 

unit testing are: test/code coverage, cyclomatic complexity, code duplications, rules compliance, 

comment coverage, as well as other code related statistics. 

Most languages have their own unit testing frameworks (i.e. pytest, junit, etc.), but there is also other 

third-party software that can provide such testing capabilities (e.g. Jenkins, SonarQube, Spock, etc.).  

The right tool will be chosen by the test team during the test plan preparation, based on testing needs 

per particular feature. For some DELTA components it may not be possible to apply unit testing (e.g. 

Grid Stability Simulation Engine), as their core development is based on other commercial software, 

which in some cases is a ñblack-boxò. For these components, only functional tests are executed.  

2.3 Functional Testing  

The main objective of this test is to verify that the component behaves according to the related 

functional technical requirements that were created during the design process. The component under 

test is examined as an individual module, as if it was a ñblack-boxò, towards evaluating its expected 

functionalities. A successful functional test enables the integration of the module in the system. 

The functional tests are not based on a specific test suite, but rather on ad-hoc test cases focusing on 

the main functionalities and behaviour of the component under test. These are defined from the 

technical requirements (D1.5) and the architecture (D1.6) delivered earlier in the projectsô lifecycle 

(functional design specifications), and towards successfully delivering the business scenarios 

expected. As such, for each component a list of test cases has been identified and it is partially already 

executed towards assessing step by step the expected functionalities, along with limitations, 

performance issues, and other related metrics that can ensure the proper functional behaviour. 

2.4 Integration Testing   

This test level aims to ensure that the components can integrate among each other effectively and as 

designed within a proper environment. Communication and functional compatibility is expected and 

therefore tested. As the proper environment for each component is defined by the integration with 

other components, these test cases are limited per each of the DELTA layers, namely the DELTA 

customer (integration with devices, assets, building management systems, as well as internal software 

components, etc.) DELTA Virtual Node, and the DELTA aggregator as complete components. 

Beyond this, their in-between communication, and specifically their semantic interoperability, is tested 

as well. 

Again there isnôt a specific framework to execute these tests, but certain methodologies have been 

followed based on the needs of each layer. For example the Smart Grid Architecture Model [1] has 

been followed for defining the semantic interoperability tests and following accordingly. The 

integration tests mainly cover test cases the aim to evaluate each integrated systemôs behavior in terms 

of execution, stability and reliability.  
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2.5 System Testing  

This testing level corresponds to the DELTA framework as a whole. Hence, the test cases are as close 

as possible to the business scenarios and their objective is the verification of correct integration and 

cooperation of all software components including the hardware interfaces. The overall system testing 

has been performed at the two lab environments provided within DELTA: a) the JRC test bed and b) 

the CERTH/ITI Smart home. In each lab environment, specific tests have been executed towards 

validating the up to date DELTA framework.  

2.6 DELTA Components for Experimental Evaluation & Validation  

The DELTA project includes an extended list of components that have been deployed at lab 

environment and has been tested extensively towards presenting the overall DELTA framework. As 

depicted both in architecture (D1.2/D1.5) and integration (D6.3) deliverables, these are:  

 

DELTA Customer 

Fog-Enabled Intelligent Device (Hardware/Software) 

DELTA Virtual Node 

Consumer/Prosumer Flexibility Data Monitoring and Profiling 

Generation/Consumption Optimal Dispatch 

Load Forecasting 

Consumer/Prosumer Energy/Social Clustering  

Inter/Intra Node Energy Matchmaking 

DELTA Aggregator  

Energy Market Price Forecasting 

DR & Flexibility Forecasting  

Node Flexibility Data Monitoring and Profiling  

Asset Handling Optimisation  

Self-Portfolio Energy Balancing  

DELTA Grid State Simulation - Grid Stability Simulation Engine
*
 

Energy Portfolio Segmentation & Classification 

Common Information Model 

Added Value Services 

DR Visualisation Kit  

Award-enabled Collaboration Platform  

Cyber Security Services 

DELTA blockchain  

Smart Contracts & Gateway 

Threat Mitigation Services 
*
Although it has been highlighted as a separate component in the updated architecture in D1.6 it remains at the 

Aggregator layer level.  
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3. Individual Component Testing ï Preliminary Testing  

3.1 DELTA Customer  

3.1.1 Fog-enabled Intelligent Device  

 

3.1.1.1 Hardware Testing  

Several test points are manufactured at the PCB of the FEID. These test points allow the 

attachment of measurement equipment to monitor voltage and current at critical subsystems 

of the board as well as the main system power. In addition, there is a red LED to indicate that 

the board is powered on. Upon receiving the populated PCB from the manufacturer, the first 

test is to check if every subsystem is being supplied with the required voltage level. 

 

After the initial setup and boot of the FEID in which a green LED is blinking, the peripherals 

of the device must be tested. Ethernet interface is plugged into a test local area network and 

the embedded LEDs at the connector are checked for connectivity and link budget. An online 

file is downloaded to check internet connectivity. Wi-Fi / BLE communication module has 

test point in which a debugger can directly connect and test. As with the Ethernet, the board 

connects to a Wi-Fi access point and downloads an online file to check internet connectivity. 

 

The remaining interfaces SPI, UART, I2C, RS-232, RS-485, are tested by attaching a dummy 

device with embedded communication LEDs that blink on receiving a protocol packet, after 

running an automated test script. Lastly, a test load is connected to the two relays which are 

controlled by a script 

 

3.1.1.2 Unit Testing 

No unit testing has been performed yet.  

 

3.1.1.3 Functional Testing 

No Test Description Evaluation criteria  Results 

1 

Load 

Forecasting 

Execution 

Performance 

Evaluate execution 

performance under 

various conditions 

¶ Low execution 

time (under 3ô) 
Pass 

¶ Correct data 

results for the 

entire timeframe 

requested 

Pass 

2 

Load 

Forecasting 

Accuracy 

Performance 

Evaluate accuracy in 

regards to real-time 

measurements under 

various conditions 

Accuracy under 

weekday, weekend, 

and other operational 

scenarios (errors less 

than 15%) 

Partial Pass. There are 

still conditions where 

the error is above 15% 

without considered an 

outlier.  

3 

PV 

Forecasting 

Execution 

Performance 

Evaluate execution 

performance under 

clear sky and cloud 

conditions 

¶ Low execution 

time (under 3ô) 

¶ Correct data 

results for the 

entire timeframe 

requested 

Pass 
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No Test Description Evaluation criteria  Results 

4 

PV 

Forecasting 

Accuracy 

Performance 

Evaluate accuracy in 

regards to real-time 

measurements under 

clear sky and cloud 

conditions 

Accuracy under clear 

sky and cloudy days 

(clear sky error less 

than 10%, cloudy days 

less than 15%) 

Pass for clear sky days  

 

Partial Pass for cloudy 

days. Further testing 

and refinement is 

required. 

5 

Flexibility 

Forecasting 

Execution 

Performance 

Evaluate 

performance and 

accuracy of 

flexibility forecasting 

under various 

conditions 

¶ Low execution 

time (under 3ô) 

¶ Correct data 

results for the 

entire timeframe 

requested 

Pass 

6 

Flexibility 

Forecasting 

Accuracy 

Performance 

Evaluate accuracy in 

regards to real-time 

conditions under 

various scenarios 

Accurate (in the 

context of same order 

of magnitude and 

relative value) 

estimation. +/-15%  

From actual available 

flexibility 

Partial Pass. In certain 

conditions flexibility 

extracted was beyond 

accepted limits. 

Further testing is 

required. 

7 
Local 

Database 

All the collect energy 

related measurements 

and predicted values 

should be stored 

locally in time-series 

database  

¶ Data are stored in 

specific time 

intervals 

¶ Data are stored in 

specific format 

¶ Retention policy 

¶ Only 3 months of 

data are kept 

Pass 

8 

Customer 

User 

Interface 

Testing 

FEID should support 

a user interface 

where customer can 

be informed about 

their infrastructure 

¶ Friendly interface 

¶ Multiple 

dashboards 

Pass - The User 

interface provide a 

very friendly 

environment where the 

customer can have full 

access to itôs 

infrastructure 

¶ Access to 

Historical 

Information (3 

months) 

Pass 

¶ Monitoring and 

control capabilities 
Pass 

¶ Robust 

Communication  
Pass 
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No Test Description Evaluation criteria  Results 

9 

Installer 

User 

Interface 

Testing 

FEID should support 

a mobile user 

interface that 

facilitates the 

installation and 

configuration of the 

device at customersô 

premises. Testing of 

communication and 

functionalities 

¶ Friendly interface 

¶ Multiple and easy 

to operate 

dashboards 

Pass - The Installer 

User interface provide 

a very friendly 

environment where the 

installer can easily 

navigate to install and 

configure the FEID  

¶ Communication 

with FEID through 

Mobile Device 

(Smart Phone / 

Tablet)  

Pass 

¶ Addition of new 

assets 
Pass 

¶ Update of 

customerôs 

preferences 

Pass 

¶ Registration of 

new FEID to the 

DELTA 

network/portfolio 

Pass 

10 

Weather 

Forecasting 

Data 

Acquisition 

Get from an online 

API the Weather 

forecast for the day 

ahead 

Correct data collection 

especially for those 

that are required for 

the PV forecasting 

Pass 

11 

Electricity 

Price 

Forecasting 

Data 

Acquisition 

Get from an online 

API the Electricity 

Price predicted 

values for the day 

ahead 

Correct data collection Pass 

12 
Set up WiFi 

access point 

At installation phase 

FEID must set up a 

WiFi access point in 

order other mobile 

devices could 

connect with it 

WiFi access point with 

preferable Name and 

Security keys 

Pass 
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3.2 DELTA Virtual Node  

3.2.1 Consumer/Prosumer Flexibility Data Monitoring and Profiling  

 

3.2.1.1 Unit Testing 

No unit testing has been performed yet. 

 

3.2.1.2 Functional Testing 

No Test Description Evaluation criteria  Results 

1 

Store     

Historical 

Consumption 

Store FEID 

Historical 

Consumption data 

FEID Historical 

Consumption data are 

stored to DVNôs 

database 

Pass 

2 

Store  

Historical 

Generation 

Store FEID 

Historical Generation 

data 

FEID Historical 

Generation data are 

stored to DVNôs 

database 

Pass 

3 

Store 

Voltage & 

Frequency 

Store FEID Voltage 

& Frequency 

FEID Voltage & 

Frequency are stored to 

DVNôs database 

Pass 

4 

Store 

Flexibility 

Forecast 

Store FEIDôs 

Forecasted Flexibility 

FEIDôs Forecasted 

Flexibility data are 

stored to DVNôs 

database 

Pass 

5 

Provide 

Node 

Profiling 

Node Profiling is 

exposed according to 

DELTA data model 

Node Profiles are 

provided from DVN 
Pass 

6 

Ensure that 

flexibility of 

distributed 

assets can be 

aggregated 

as a single 

unit to sell 

services 

Constantly monitor 

the portfolioôs 

composition and 

capabilities in terms 

of stability and 

flexibility  

Single control requests 

communicate 

appropriately 

Pass 

7 

Allow  

Aggregator 

to supervise 

each nodeôs 

flexibility 

and 

contextual 

data 

Provide real-time 

overview of the 

assets assigned to a 

specific DVN 

Produce node profiling 

for each node that 

follows the DELTA 

data model 

specification 

Pass 

8 

Provide real- 

time 

automated 

monitoring 

and control 

of buildings 

Analyzes the FEIDs 

profiling of the 

underneath DELTA 

Fog Enabled Agent 

Coordinated 

management of a 

buildingôs assets in an 

energy efficient 

manner 

Pass 
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3.2.2 Generation/Consumption Optimal Dispatch 

 

3.2.2.1 Unit Testing 

No unit testing has been performed yet. 

 

3.2.2.2 Functional Testing 

No Test Description Evaluation criteria  Results 

1 

Compute 

optimal DR 

Signals 

Calculate optimal DR 

signals to fulfil 

energy demands 

Generate optimal DR 

signals 
Pass 

2 

Generate  

Blockchain  

Transactions 

After creating optimal 

DR Signals the 

relevant Transactions 

for DELTA 

Blockchain should be 

created 

Generate Transactions 

to DELTA Blockchain 
Pass 

3 

Handle  

unresolvable 

demands 

When no solution can 

be found respond 

accordingly 

Respond with inability  

to find optimal solution 
Pass 

4 

Establish 

the optimal 

DR signals 

to be sent to 

the DELTA 

Fog Enabled 

Agent must 

fulfill  

Compute the DR 

signals that should be 

sent to the DELTA 

Fog Enabled Agents 

DR signals sent to the 

DELTA Fog Enabled 

Agent should be 

translated from the DR 

signal received form 

the DELTA aggregator 

Pass 

5 
Faulty Input 

testing 

The Optimal Dispatch 

Tool needs multiple 

input, a fact that 

creates dependencies 

with other DELTA 

modules. In case any 

of these is faulty, then 

the Optimal Dispatch 

Tool will not be able 

to calculate the 

optimal scheduling. 

Potential faulty input 

timeseries should be 

successfully identified 

as such, proper logging 

should be executed and 

smooth termination of 

the Optimal Dispatch 

Tool. 

Pass 

6 
DVN power 

balance 

DVN FEIDs should 

at all timeslots of a 

DR signal satisfy the 

power constraint. 

Power Balance is 

checked and verified 

for every optimal 

solution. 

Pass 

7 

Test logging 

and return 

of Optimal 

Dispatch 

Tool 

Al l possible output 

scenarios (optimal, 

infeasible, error in 

formation, error at 

input cases) should be 

foreseen and not 

cause a tool break 

No tool collapse under 

any circumstances 

regarding tool 

configuration and DR 

signal. 

Pass 
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3.2.3 Load Forecasting 

 

3.2.3.1 Unit Testing 

No unit testing has been performed yet. 

 

3.2.3.2 Functional Testing 

No Test Description Evaluation criteria  Results 

1 
Handle lack 

of data 

Detect if Node 

Profiling contains 

inadequate data to 

generate Forecast 

Given an empty Node 

Profile or a Node 

Profile with 

inadequate data Load 

Forecasting returns an 

explanatory message 

Pass 

2 

Load 

Forecasting 

Execution 

Performance 

Evaluate execution 

performance under 

various conditions 

¶ Low execution 

time (under 3ô) 
Pass 

¶ Correct data 

results for the 

entire timeframe 

requested 

Pass 

3 

Load 

Forecasting 

Accuracy 

Performance 

Evaluate accuracy in 

regards to real-time 

measurements under 

various conditions 

Accuracy under 

weekday, weekend, 

and other operational 

scenarios (errors less 

than 15%) 

Partial Pass. There are 

still conditions where 

the error is above 15% 

without considered an 

outlier.  

 

 

3.2.4 Inter/Intra Node Energy Matchmaking  

 

3.2.4.1 Unit Testing 

No unit testing has been performed yet. 

 

3.2.4.2 Functional Testing 

No Test Description Evaluation criteria  Results 

1 
Dynamically 

update  DVN 

Automatically 

reassign a customer 

to another 

cluster/Node when 

one of the 

parameters changes 

The DVN should have 

uniform characteristics 

among the customers 

Pass 

2 

Control the 

balance of 

energy or 

stability inside 

the Node 

Facilitate the self-

balancing process, 

so as to prevent the 

loss of energy or 

stability within the 

portfolio 

Ensure balance of 

energy or stability 

within the portfolio 

Pass 
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No Test Description Evaluation criteria  Results 

3 

Provide 

accurate and 

close to real-

time evaluation 

inside the 

Node 

Accumulate and 

evaluate in close to 

real-time the excess 

or shortage of 

energy inside the 

Nodeôs portfolio 

Achieve close to real-

time control inside the 

Node 

Pass 

4 

Provide 

effective 

collaboration 

among the 

Nodes 

Request/offer 

energy from 

adjacent Nodes 

when intra-Node 

energy 

matchmaking is not 

possible 

Achieve coordination 

among the Nodes 
Pass 

5 

Allow  

communication 

with  

Aggregator 

Send an 

ñinsufficient 

resourcesò signal to 

the Aggregator in 

case of not sustained 

balance 

Ensure information 

transmission for the 

state of the Node 

Pass 

 

 

3.2.5 Consumer/Prosumer Energy/Social Clustering  

 

3.2.5.1 Unit Testing 

Unit Testing Procedure applied over the Pytest module in order to evaluate the 

Consumer/Prosumer Energy/Social Clustering module. The basic test components focused on 

testing the eligibility of the following conditions: Clustering Results Format, Exploitation of 

all resources, Proper communication and connection with the DVNôs assets. Testing 

Procedure applied over several random inputs in order to guarantee the proper functionality of 

Clustering Engine under any circumstances. 

 

3.2.5.2 Functional Testing 

No Test Description Evaluation criteria  Results 

1 Resultsô Format 

Test that the 

Clustering Module 

output structure has 

the appropriate 

format 

Compare the structure 

of the output with the 

desired result. 

Pass 

2 
Exploitation of 

all Resources 

All DVNôs assets 

have to take part in 

the Clustering 

Process  

Examine the condition 

that all available 

assets participate in 

the clustering 

algorithm 

Pass 

3 

Clustering 

Constraints 

Satisfaction 

Evaluate the 

Constraintsô 

Satisfaction of the 

Clustering process 

Examine if all 

DELTA constraints 

are satisfied through 

the clustering results  

Pass 
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No Test Description Evaluation criteria  Results 

4 

Communication 

with other 

DVN 

functionalities 

Test the connection 

with other DVNôs 

modules 

Examine the condition 

that all the DVNôs 

assets have access to 

Clustering Results   

Pass 

 

3.3 DELTA Aggregator  

3.3.1 Energy Market Price Forecast 

 

3.3.1.1 Unit Testing 

The unit testing process was addressed using Pytest for Jypyter notebook and the 

NBextensions tools. Two stages of testing were performed. The first, tests that the scrapping 

of data is well performed by basically checking if the columns acquired match the desired 

ones. These are the parameters used in the model. The second, tests the algorithm, how the 

model for the price forecast performs. For this component the Elexon balancing energy 

market was used (www.bmreports.com) 

 

Parameters: 

Å Scrapping LoLP and Derated Margin variables: 

Assert all(df3_result.columns==[óDateô,ôSettlement Periodô,ô12h LoLPô,ô12h DRMô,ô8h 

LoLPô,ô8h DRMô,ô4h LoLPô,ô4h DRMô,ô2h LoLPô,ô2h DRMô,ô1h LoLPô,ô1h DRMô]) = 

Passed. Processing Time: 7.181s 

 

Å Scrapping Wind and Solar Generation 

Assert all(df6.columns==['PSR Type', 'Settlement Date', 'Settlement Period', 'Day Ahead 

(MW)', 'Intraday (MW)', 'Current (MW)']) = Passed. Processing Time: 11.013s 

 

Å Scrapping System Demand and Base Generation (without Solar and Wind) 

Assert all(df4.columns ['Settlement Date', 'SP', 'NDF Publish Time (GMT)', 'NDF (MW)', 

'TSDF Publish Time (GMT)', 'TSDF (MW)', 'INDDEM Publish Time (GMT)', 'INDDEM 

(MW)', 'INDGEN Publish Time (GMT)', 'INDGEN (MW)']) = Passed. Processing Time: 

2.252s 

 

Assert all(df5.columns ['Time Series ID', 'Settlement Date', 'Settlement Period', 'Quantity 

(MW)']) = Passed. Processing Time: 1.747s 

 

Algorithm:  

Assert: Training of the model 80% of the data = Passed. Processing Time:2.717s 

Assert : Testing the model with 20% of the data = Passed. Processing Time: 9.15s 

 

Assert: Running the model with real time data: 3.236s (of which 154ms is the prediction) 
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3.3.1.2 Functional Testing 

No Test Description Evaluation criteria  Results 

1 

Check if the 

script runs 

with 

missing data 

We have ran the script 

exposing it to missing 

values as is the case o 

LoLP of short time 

forecast (ex:1h) or zero. 

Run/Does not run 

If missing than it 

replaces by zero 

The script runs with 

zero values and 

missing data. 

Accuracy of the 

output will be lower 

1a 

Wind and 

Solar 

Generation 

missing data 

and 

production 

and demand 

No check for missing 

data was possible since 

the wind/solar generation 

forecasts are published 

all at once. The same 

happens for base 

generation and demand. 

In any case if missing 

data exists the model will 

assume as zero 

Runs or does not run Runs 

2 

Check 

model 

performance 

in terms of 

speed ï 

Algorithm 

XGBoost 

Model implementation 

with historic dataset. 

Measures the time it 

takes to arrange data, 

train model and test. 

 

Data formatting= 

819ms 

Train=2.717s 

Test=9.15s 

Total=12,686s 

3 
Metrics of 

the model 

Metrics used: R^2 score, 

Mean absolute error 

mean_squared_error 

explained_variance_score 

CrossValidation accuracy 

(CV=10) 

These are the main 

metrics used for 

regression models. 

They take in test and 

predicted target 

variables 

R^2=0.83 

MAE=5.73 

MSE=91.85 

EVS=0.83 

CV_Accuracy= 0.72 

(+/- 0.12) 

4 

Real Data 

Prediction 

Cycle 

The model predicts a full 

day balance energy 

market prices for each 

settlement period (48 

outputs). It scrapes the 

data directly from the 

Market operator and runs 

the regression code 

Measures the time it 

takes to retrieve the 

data from the web 

and predict the 48 

settlement periods 

3.236s 

 

3.3.2 DR & Flexibili ty Forecasting 

 

3.3.2.1 Unit Testing 

The core of the calculation is to apply a decision table to estimate the flexibility of appliances. 

A categorization was done dividing appliances between shiftable and variable, variable but 

not shiftable and shiftable but not variable. The load was forecasted using a non-intrusive load 

monitoring tool. If was observed that the accuracy was very low but this was because 

independent variables such as the weather/ temperature were missing for the regression. 

However the focus of the study is to apply a potential flexibility given a comfort limit of 95% 

for users. For the training of the load forecast model 2 datasets were used. The Refit dataset 

with 10 million observations was used, as it was recorded in a 1 second time step referring to 
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four months. The split was performed at 75% and 25% between training and test. The training 

times for the Reýt dataset were 39.20 and 9.22 seconds, corresponding to the Factorial 

Hidden Markov Model (FHMM) and Combinatorial Optimization (CO) algorithms. 

 

Regarding the REDD dataset, all observations corresponded to 36 days for building 1 and 

were all taken into consideration to run the model. This corresponds to 3.1 million 

observations, since also a 1-second time step was used to record the data. The training times 

for the REDD dataset were 15.18 and 1.03 seconds, corresponding to the FHMM and CO 

algorithms. 

 

3.3.2.2 Functional Testing 

No Test Description Evaluation criteria  Results 

1 

Load 

forecast for 

a given 

appliance 

A fridge was taken 

into consideration to 

estimate the flexibility 

of a fridge given a 

certain load profile 

forecasted by a non-

intrusive load 

monitoring tool 

Accuracy of the NILM 

approach F1 Score 

Metric 

CO F1 score= 0.55 

FHMM= 0.49 

 

Very low. Other 

independent variables 

required to increase the 

accuracy, such as 

temperature, weather 

etcé 

2 

Flexibility 

Prediction 

with the 

load 

forecast for 

a given 

appliance 

Assert: def 

application of the 

flexibility  

Assuming a linear 

behavior in all 

appliances in terms of 

power and time 

decrease. Meaning that 

50% of AC power 

reduction could be 

sustained for 16 

minutes, 25% during 

for 32 minutes, and so 

on. Also that 95% of 

comfort of users would 

be maintained 

Flexibility applied for 

2h: Pool pump=100%; 

space heating=50%, 

Heat pump=50%; 

water heating=81.25%; 

AC=6.67%; 

Refrigerator=56.25%; 

Freezer=56.25%; 

Lighting=10% 

 

Passed 

Test Data: 2.02 s 

3 

Higher 

accuracy 

and higher 

processing 

speed were 

required. 

So only 8 

appliances 

were used 

K=8 higher 

contributors of power 

(appliances) 

Speed and Power 

Results show a 

flexibility maximum 

power of 200ï245 W 

and 180ï500 W for the 

REDD and Refit 

datasets respectively. 
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3.3.3 Node Flexibility Data Monitoring and Profiling 

 

3.3.3.1 Unit Testing 

ɇhis component is part of the DSS and has been developed in the same coding package as the 

Asset Handling Optimization. As such the unit testing has been performed in the combined 

version. Beyond that, functional testing has been performed during development as follows. 

 

3.3.3.2 Functional Testing 

No Test Description Evaluation criteria  Results 

1 
Data 

integrity 

Evaluate whether the 

data send by the 

FEIDs, and requested 

from the 

Aggregator/DVNs are 

correct and as 

expected 

100% Data Integrity Pass 

2 

Update 

FEID 

profile in 

DVN 

repositories 

Evaluate the correct 

profiling of customers 

based on data derived 

from FEIDs 

Update key 

characteristics in 

regards to incoming 

data  

Pass 

 

 

3.3.4 Asset Handling Optimization  

 

3.3.4.1 Unit Testing 

Unit Testing Procedure applied over the Pytest module in order to evaluate the Asset 

Handling Optimization module functionalities. The basic test components focused on testing 

the eligibility of the following conditions: Results Format, Results Content, Time Processing 

Constraints and successful communication with other Components. Testing Procedure applied 

over several random inputs in order to guarantee that the AHO engine is not susceptible under 

any circumstances. 

 

3.3.4.2 Functional Testing 

No Test Description Evaluation criteria  Results 

1 
Test Results 

Format 

Evaluate the 

condition that the 

responses from 

AHO have the 

appropriate format. 

Examine if the AHO 

responsesô structure 

suits with the Delta 

result format. 

Pass 

2 
Test Results 

Content 

Evaluate the 

condition that the 

responses from 

AHO have all the 

information needed 

for a functional DR 

 

Examine if the AHO 

responsesô content 

contains all the 

demanded 

information. 

 

Pass 
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No Test Description Evaluation criteria  Results 

3 

Test 

Communication 

with other 

components 

Evaluate the 

condition that the 

AHO module 

communicates with 

other Components 

without any faults. 

Examine the 

interaction with all 

cooperative 

components and the 

communication 

responses 

 

 

 

Pass  

4 
Test time 

Limits 

Evaluate the 

condition that the 

AHO module can 

process all the 

information in 

reasonable time 

limits 

Examine the that the 

Processing time of 

AHO module does not 

overpass specific time 

limits 

Pass 

 

3.3.5 Self-Portfolio Energy Balancing 

 

3.3.5.1 Unit Testing 

Self ï Portfolio Energy Balancing (SPEB) component as part of the DELTA 

Aggregator/Energy Retailer layer, evaluates the  DVNsô portfolios based on several criteria to 

optimize the bidding strategies of the Aggregator. The component is developed in Python and 

it is divided into two functions:  

¶ Identification of the optimal combination of DVNs based on the criteria of 

availability, profitability, reliability, flexibility and fairness  

¶ Update of the Reliability and Fairness Indices 

 

The two functions exchange data with the ñDR & Flexibility Forecastingò and ñAsset 

Handling Optimizationò components through the common Aggregator/Energy Retailer layer 

as well as with the DELTA Repository through the DELTA CIM. 

 

3.3.5.2 Functional Testing 

No Test Description  Evaluation criteria  Results 

1 

Optimal 

Combination 

of DVNs 

Combinations of all 

available DVNs that 

can participate in the 

upcoming DR request 

(flexibility and 

market) are 

prioritized 

Identify and prioritize 

all derived 

combinations based on 

the most profitable, fair 

and reliable 

combination of DVNs 

that are available and 

can meet the total 

requested flexibility 

08/04/2020 

 

Each DVN is represented by the available flexibility (either static or range) that can serve 

specific energy markets and the compensation price of those services with the respective 

penalty prices, as derived from the smart contracts. 

 

Based on historical participations, each DVN is characterized by both a Reliability and 

Fairness Index. The following table summarizes all buildings/DVNs located within the UCY 

campus with the respective values of price, reliability and fairness indices. 
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DVNs Markets 
Flexibility  

[kWh]  

Flexibility 

Prices 

[ú/kWh] 

Penalty  

Prices 

[ú/kWh] 

Reliability 

Index [%]  

Fairness 

Index [%]  

121 
Day-Ahead, 

Imbalance 

[1-5], 

7 

0.065,  

0.07 

0.01083, 

0.0116 
0.81 

0.1818181818, 

0.0819672131 

122 Imbalance [2,4,6] 0.08 0.0133 0.52 0.081967213 

123 Day-Ahead 8 0.095 0.01583 0.68 0.109090909 

124 
Day-Ahead, 

Imbalance 

[2-4], 

9 

0.074,  

0.080 

0.0123, 

0.0133 
0.68 

0.0545454545, 

0.1147540984 

125 Imbalance 3 0.102 0.017 0.66 0.06557377 

126 Day-Ahead 3 0.0735 0.01225 0.77 0.072727273 

127 
Day-Ahead, 

Imbalance 

9, 

[2,4] 

0.100,  

0.150 

0.0166, 

0.025 
0.7 

0.3454545455, 

0.262295082 

111 Imbalance [2,4] 0.070 0.0116 0.85 0.180327869 

112 Day-Ahead 1 0.085 0.01416 0.3 0.036363636 

113 Imbalance 4 0.101 0.01683 0.9 0.016393443 

114 
Day-Ahead, 

Imbalance 

1, 

1 

0.075, 

0.085 

0.0125, 

0.0142 
0.4 

0.0727272727, 

0.0655737705 

115 Day-Ahead 12 0.0852 0.0142 0.55 0.127272727 

116 Imbalance 11 0.1050 0.0175 0.6 0.131147541 

 

The upcoming DR signal, received from the ñDR & Flexibility Forecastingò component, 

provisions a flexibility volume equal to 6 kW for the period of one 1 hour assigned for the 

Day-Ahead market. 

 

The following table shows all the possible combinations of available DVNs, that can meet the 

requested flexibility, along with the total revenue and their fairness metrics. The table also 

indicates which combinations are eligible to participate in the upcoming DR signal (Fair or 

Unfair). 

 

ID  
Combination 

 of DVNs 

Flexibility 

per DVN 

Total Revenue 

(including  

reliability)  

Combination 

Fairness 

Index 

Combination 

Fairness 

Weight 

Fair? 

1 
'121', '126', '112', 

'114' 
[1, 3, 1, 1] 26.4214 0.36363 0.30769 UNFAIR 

2 
'121', '124', '112', 

'114' 
[1, 3, 1, 1] 26.0253 0.34545 0.30769 UNFAIR 

3 '121', '124', '126' [1, 2, 3] 21.3529 0.30909 0.23076 UNFAIR 

4 '121', '124', '114' [1, 4, 1] 21.2212 0.30909 0.23076 UNFAIR 

5 '121', '124', '112' [1, 4, 1] 19.2906 0.27272 0.23076 UNFAIR 

6 '121', '126', '114' [2, 3, 1] 15.9917 0.32727 0.23076 UNFAIR 

7 '124', '126', '114' [2, 3, 1] 14.4099 0.20001 0.23076 FAIR 

8 '121', '126', '112' [2, 3, 1] 14.061 0.29090 0.23076 UNFAIR 

9 '121', '112', '114' [4, 1, 1] 13.1385 0.29091 0.23076 UNFAIR 

10 '124', '126', '112' [2, 3, 1] 12.4793 0.16363 0.23076 FAIR 

11 '124', '112', '114' [4, 1, 1] 12.3476 0.16363 0.23076 FAIR 

12 '121', '124' [2, 4] 8.8608 0.23636 0.15384 UNFAIR 

13 '121', '114' [5, 1] 8.4997 0.25454 0.15384 UNFAIR 

14 '121', '126' [3, 3] 7.9209 0.25454 0.15384 UNFAIR 

15 '124', '126' [3, 3] 6.8664 0.12727 0.15384 FAIR 

16 '121', '112' [5, 1] 6.5691 0.21818 0.15384 UNFAIR 

 

Although, the first combination yields the highest revenue for the Aggregator, the results of 

the SPEB component reject the option based on the ñFairnessò criterion. Instead, SPEB 

identifies the 7
th
 combination ('124', '126', '114') as the most profitable solution where both 

reliability and fairness criteria are met. 
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Assuming that all DVNs, which were selected in the participating combination, fulfilled their 

contracted flexibility obligations, then the SPEB component updates the Reliability and 

Fairness Indices as follows: 

 

DVNs 
Reliability Index [%]  

Before 

Reliability Index [%]  

After  

Fairness Index [%] 

Before 

Fairness Index [%] 

After  

124 0.68 0.713 0.0545454545 0.06557377 

126 0.77 0.82 0.072727273 0.08653455 

114 0.4 0.417 0.0727272727 0.08642354 

 

 

3.3.6 DELTA Grid State Simulation - Grid Stability Simulation Engine 

 

3.3.6.1 Unit Testing 

The development of the Grid Stability Simulation Engine (GSSE) component involves 

integration between Python and DIgSILENT PowerFactory. As an input the engine will 

receive the forecasted and real time power data, through JSON format, which will be fed to 

DIgSILENT and assigned to the respective grid components. Through DIgSILENT, the 

GSEE performs a Quasi Dynamic Analysis on the developed electrical/geographical (accurate 

representation of electrical and geographical parameters of lines and loads) model of the 

investigated power network to identify grid violations. 

 

 

Figure 2. Detailed model of the UCY campus power network. 

 

The Python script was developed to establish real time and automatic control capabilities over 

DIgSILENT, which is a third-party licensed software.  To this end, target areas in the 

investigated power network can be simulated, thus enabling identification of potential grid 
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violations (type, location, and time) and restoring conditions based on predefined constraints 

set by national Grid rules. 

 

 

Figure 3. Illustr ation of the GSSE operation and inputs/outputs. 

 

3.3.6.2 Functional Testing 

The GSSE component is able to identify any voltage or line loading issues, including time and 

specific location, occurring within the investigated power network along with the required 

flexibility for restoring the voltage and line loading levels back to nominal. The following 

table summarizes the tests performed for verifying the componentôs functionalities. 

 

 

No Test Description Evaluation criteria  Results 

1 
Feeder 

Overload 1 

Prediction of Feeder 

Overload due to high 

loading Conditions 

Feeder Loading 

Exciting 100% 

Active Power Flow > 0 

08/04/2020 

2 
Feeder 

Overload 2 

Prediction of Feeder 

Overload due to 

excess generation 

(RES) 

Feeder Loading 

Exciting 100% 

Active Power Flow < 0 

08/04/2020 

3 Overvoltage 
Prediction of Busbar 

Overvoltage 

Busbar Voltage < 

1.1p.u 
04/04/2020 

4 Undervoltage 
Prediction of Busbar 

Undervoltage 

Busbar Voltage 

<0.95p.u 
09/04/2020 

 

Test Results 

 

Test 1: Feeder Overload 1 
GGSE identifies an overload violation at Feeder 2 (101.07%) that will occur at 19:15:00 as 

shown in Figure 5. Active power flow of Feeder 2 at the violation time is positive, thus the 

expected overload will be caused due to high loading conditions (Figure 3). GSSE calculates 

the amount of flexibility needed (MW) to decrease in order to avoid overload as it can be seen 

in Figure 6. It should be mentioned that, for the overload cases GSSE estimates the required 

flexibility that can be provided by any flexibility service provider connected to the violated 

Feeder. 

 

Power Flow
Analysis based on 

predefined constraints
Output: 

Å graphical representations of the 
violation location

Å numerical values of voltage and line 
loading deviations

Å Required flexibility for restoration

Input: 
Forecasted and 
real time power 

datasets

Connection with 
Python to make the 
process run in real-

time and continuously 

Input data are 
assigned to the 
respective grid 
components
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Figure 4. Power Flow Analysis at the time of violation. 
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Figure 5. Quasi-dynamic analysis ï Feeders Loading. 

 

 

Figure 6. Quasi-Dynamic analysis ï Feeder Active Power Flow. 

Python output of GSSE that shows the violation data and the estimated flexibility request. 
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Test 2: Feeder Overload 2 

 

GGSE predicts that an overload at Feeder 1 of 102.0% will occur from 11:15 until 11:30 as 

shown in Figure 8. Active power flow of Feeder 1 at the time of violation is negative, thus the 

expected overload will be caused due to excess RES generation (Figure 7). GSSE calculates 

the amount of flexibility needed (MW) to be increased in order to avoid overload as it can be 

seen in Figure 9. 

 

 

Figure 7. Power Flow Analysis at the time of violation. 
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Figure 8. Quasi-dynamic analysis ï Feeders Loading. 
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Figure 9. Quasi-Dynamic analysis ï Feeder Active Power Flow. 

 

Python output of GSSE that shows the violation data and the estimated flexibility request. 

 

 
 

Test 3: Overvoltage  

 

GGSE identifies that the voltage of LV Busbar of Substation 115 (ATHLETIC HALL) will be 

above the nominal limits (Voltage > 1.1p.u). Specifically, as shown in the following figure, 

the 115 LV Busbar voltage is estimated to be 1.1016p.u at 09:00 and 1.103p.u at 09:15. GSSE 

calculates the amount of flexibility needed to avoid overvoltage by either increasing active 

power consumption or increasing reactive power consumption at LV Busbar 115.  

 

 
































































































