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Abstract: This paper presents an assessment of the impacts of the different tools implemented within
the inteGRIDy project through the analysis of key performance indicators (KPIs) that appropriately
reflect the technical and economic domains of the inteGRIDy thematic pillars, comprising demand
response and battery storage systems. The evaluation is based on improvements brought about by
individual components of the inteGRIDy-enabled smart solution across the Isle of Wight (IOW) pilot
site. The analyses and the interpretation of findings for the pilot use case evaluation are presented.
The results indicate that the smart solution implementation across the IOW pilot site resulted in
achieving the inteGRIDy set objectives. Overall, a 93% reduction in energy consumption, equivalent
to 643 kWh was achieved, via the M7 energy storage system and heat pumps developed as part
of inteGRIDy solution. Additionally, the grid efficiency and demand flexibility contribution to the
distribution network operator (DNO)-triggered DR services, based on a 10% increase/decrease in
demand, resulted in stabilizing the grid efficiency.

Keywords: key performance indicators; KPI evaluation; baseline; smart solution implementation;
demand response; battery storage; energy storage system

1. Introduction

Renewable energy sources such as solar and wind are intermittent and depend on
the weather and the time of day [1]. If fully relied upon, renewable energy generation
can cause fluctuations in the energy system'’s frequency. Energy storage systems act as a
powerful buffer to mitigate this problem [2]. A comprehensive review carried out by Koohi-
Fayegh and Rosen [3] classified energy storage types into electrochemical and battery [4],
thermal [5], thermochemical [6], flywheel [7], compressed air [8], pumped, magnetic, and
chemical or hydrogen [9,10]. Similarly, heat pumps are becoming increasingly popular
due to their reduced carbon footprint and the significant efficiencies they can offer in
both domestic and commercial applications [11]. The combination of heat pumps with
thermal energy storage for heating has also been studied [12]. This system stores thermal
energy and then allows for its transfer through a heating storage medium such as water
that can be used later to provide hot water and heating. Optimization of these systems
is essential for two main reasons. Firstly, to ensure the installations are financially and
environmentally better than conventional heating systems. Secondly, because the systems
are highly dependant on local weather conditions, energy tariffs, building occupancy and
types, and government subsidies [13].

Demand response (DR) is the voluntary shifting of electricity demand by consumers
either due to changes in prices of electricity over time [14] or through participation with
an aggregator, for which the consumer is rewarded [15]. Price-based DR is implemented
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through approved utility tariffs or via contractual agreement in deregulated markets where
electricity prices are varied over time to encourage customers to alter their consumption
patterns [16]. Incentive-driven DR rewards customers for increasing, holding, or decreasing
their electric loads upon request from the aggregator in order to achieve grid stability [17].
Both types of DR enable the consumer to play a vital role in balancing electricity demand
and supply by shifting their electricity usage [18], thereby improving the reliability of
power systems by lowering peak demand and reducing the overall plant and capital
cost investments associated with network upgrades. DR was achieved in the IOW pilot
site through the deployment of an advanced building response system—a multi-layered
suite of applications which allowed energy reduction, peak management, and flexibility
management within industrial and commercial buildings.

In this paper, the evaluation and assessment of the IOW pilot use cases is reported
based on selected KPIs that showed significance for both DR and energy storage use case
objectives and project goals. A methodology for both data collection and KPI evaluation
was established, followed by the comparative assessement of the baseline scenario against
the smart solution implementation. Overall, the obtained results were indicative of the
success of the project in terms of achieving technical (demand flexibility) and economic
(retail cost of energy) benefits.

The remainder of the paper is organized as follows. Section 2 describes the data
collection and evaluation methodology. Section 3 presents the case studies, focusing on the
description of the pilot site and the specification of the use cases. In Section 4, the results
and analyses are presented. Section 5 concludes the paper and presents suggestions for
future work, followed by references.

2. Data Collection and Evaluation Methodology
2.1. Data Collection

Both qualitative and quantitative data collection methods were established and used
for the baseline assessment and the smart solution implementation scenarios. For the
qualitative data collection method, bespoke questionnaires that aimed to address the use
case objectives were designed. For the quantitative analyses, data were obtained from
different sources such as the building management system (BMS) and building automation
system (BAS), conventional and smart meters, battery management systems’ smart sensors,
and online web services. A flexible platform with remote capabilities was required to
visualize and share information and data. The Siemens Navigator platform was in place to
provide access to building data via the BMS.

2.2. Evaluation Methodology

The evaluation process started with the definition and analysis of the KPI evalua-
tion parameters that showed significance for the goals and objectives of the use cases.
This was followed by the selection of an appropriate evaluation methodology regarding
achievement of the use case goal. The evaluation of the KPIs was carried out based on data
collection through the established mechanisms. The evaluation was carried out following
an iterative process that comprised the required steps while ensuring that all the tasks
were appropriately covered. The evaluated KPIs naturally evolved after close interaction
with the pilot partners. For the KPI evaluation, the baseline (prior to the implementation
of smart technologies) scenario was compared with the smart solution implementation.
The performance was assessed across technical and economic domains. KPIs related to
demand flexibility were evaluated considering the requested and potential energy demand
flexibility based on the contractual framework applicable to the IOW pilot site.

3. Case Study
3.1. Pilot Site Description

The aim of the IOW pilot was to provide an energy management platform that
controlled the load to match the dispatch of energy onto the local network. The pilot
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was focused on facilitating the increase in distributed generators (DGs), which is impeded
by a constrained grid that subjects the integration of new generators to a greater risk
of curtailment. Load shifting was required to reduce the current curtailment and create
sufficient network capacity for new energy generators in the IOW. This can be achieved
through demand flexibility activities aimed at stabilizing the grid.

3.2. Specification of Use Case

The inteGRIDy pillars under consideration in this use case were DR and energy
storage technologies. The use cases applicable to the thematic pillar deal with the impact
of DR technologies in residential settings, through thermal storage. In essence, the M7
heat pump control hub tool and the Siemens (SIE) virtual power plant (VPP) for advanced
building management control technologies were both developed, tested, and deployed to
provide the flexibility to shift load and stabilize the grid. The M7 thermal storage system
was connected to the grid and to several domestic heating systems to enable balancing of
the grid. This system was installed in residential buildings in the IOW. The SIE VPP for
advanced building management control technology was connected to both the grid and
the energy management system, to provide flexibility services. The deployment of both
tools included software and cloud-based data collection.

4. Results and Analysis

To demonstrate the smart solution implementation at the IOW pilot site, we present
the results and analyses for two use cases. First, the energy storage system use case based
on heat pumps; second, the building optimization aimed at maximizing demand flexibility,
minimizing costs, and reducing environmental impact.

4.1. M7 Energy Storage System Use Case

The results presented in this use case demonstrate the impact of the smart imple-
mentation compared with the baseline scenario in representative technical- and economic-
domain-related KPIs, showing residential energy consumption and the retail cost of energy.
Analyses of the energy consumption data for both the baseline and the smart solutions
were carried out over 12 months, during the period from July 2017 to June 2018. The results
for the two performance domains are presented.

Technical: The smart solutions implementation achieved a significant reduction of
643 kWh. This resulted in a percentage decrease of 93% against the baseline energy
consumption. The overall energy consumption across the 12-month evaluation period is
presented in Figure 1 below.
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Figure 1. Overall energy consumption (12 months of data, July 2017 to June 2018).
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As can be seen from the figure, there was a significant difference between the baseline
and the smart solution, as expected. This is an indication of the positive impact of the smart
implementation of the energy storage system use case at the IOW pilot site.

Economic: Table 1 presents the economic KPI results for the M7 energy storage use
case. The retail cost of energy and the average cost of energy consumption for both the
baseline and the smart solutions are presented using an energy tariff of GBP 0.1350. A
percentage difference of 68% was obtained in the retail cost of energy between the baseline
and the smart solution.

Table 1. Economic KPI results for M7 energy storage use case.

KPI Unit Baseline Smart
Retail Cost of Energy GBP 1443.69 468.04
Average Cost of Energy Consumption GBP/kWh 3.97 1.29

4.2. Building Optimization Use Case

The results for the building optimization based on a 10% increase/decrease in demand
are presented in Figures 2 and 3. Although the differences between the two figures are not
clearly visible, the main aim of optimizing the grid’s efficiency was achieved, based on the
requested demand participation from the DNO.
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Figure 2. Baseline and 10% energy demand addition results.

Economic: The KPI results in the economic domain (retail cost of energy and the
average cost of energy consumption) are presented in Table 2 below.

Table 2. Economic KPI results for building optimization use case.

KPI Baseline 10% Increase 10% Decrease

Retail Cost of Energy 17,681 17,728 17,606
Average Cost of Energy Consumption 1360 1364 1354
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Figure 3. Baseline and 10% energy demand reduction results.

5. Conclusions

The work presented in this paper demonstrated the impacts of the inteGRIDy-enabled
smart solutions deployed in the IOW pilot. The results for the baseline scenario (the
situation prior to the inteGRIDy project) were assessed against the smart solution imple-
mentation (the results of the activities during the project). A reduction of 93% in energy
consumption, equivalent to 643 kWh, was achieved with the M7 energy storage system
and heat pumps. Additionally, the assessment of grid efficiency and the demand flexi-
bility contribution to the DNO-triggered demand response services were based on a 10%
increase/decrease in demand, which resulted in stabilizing the grid efficiency. Future
work will assess and evaluate the remainder of the InteGRIDy pilot site use cases based on
thematic pillars such as developing a smart distribution grid and electric vehicles (EVs).
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