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1 Executive summary 

The business environment, European regulatory framework and technology 

landscape were analysed to deliver first insights that will help to formulate new 

business innovation models in the Task 8.3 and update directions for the 

development of main HOLISDER components in the technical work packages WP3, 

WP4, and WP5. Business competitors in the areas of Demand Response (DR) 

management and HVAC predictive maintenance were further divided into five 

segments / market niches that include Load Control Software, DR Management 

Systems and Platforms, Smart Grid Analytics, Consumer Apps and Dashboard, and 

HVAC Predictive Maintenance. All ten Key Exploitable Results of HOLISDER, 

identified in Task T8.1, were mapped to these five segments. Analysis of the 

business environment highlighted gas demand response as a potential 

complementary solution to electric demand response. Existing known gaps of the 

European regulatory framework were reviewed with emphasis on understanding 

of the current situation in individual EU Member States that provides guidance for 

potential targeted launch of HOLISDER platform as well as individual exploitable 

results. Analysis of the latest innovation trends and emerging technologies 

concluded that blockchain technology currently has the biggest disruptive potential 

for the energy market. While the blockchain’s real impact is currently uncertain, it 

is important to closely monitor related developments given their disruptive nature 

and potentially fast dynamics.  
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2 Introduction 

The HOLISDER project aims to introduce a Holistic Demand Response Optimization 

Framework that will enable commercial and residential buildings to act as major 

contributors to the stability of power grids in response to network constraints and 

conditions. This will be accomplished by integration of mature technologies into an 

interoperable framework that will address the whole Demand Response value 

chain. 

To ensure this main HOLISDER objective it is important to continually monitor 

dominant market trends, potential competitors and emerging technologies that 

can have disruptive potential, which are all main goals of the Task 8.2 that is 

focused on market intelligence activities. This task will generate three deliverables 

on a periodic basis in month 12, 24, and 34. The D8.3 deliverable is the first Market 

Report, which has the following objectives: 

• Provide an initial analysis of the business environment, relevant market 

segments, competing solutions, and recent developments that will serve as 

a basis for development of business innovation models in the Task 8.3. 

• Deliver first insights into the regulatory environment and regional 

differences related to implementation of Demand Response programs in 

Europe. 

• Report relevant technologies, pilot projects, and innovations that are 

relevant to HOLISDER consortium and should be further evaluated in 

technical work packages of the project (WP3-WP5).  

As this is the first deliverable of the Task 8.2, created during the initial period of 

the project, it does not have ambition to provide complete information at the full 

level of detail. Instead it should be considered as a baseline document whose 

content will be further expanded and refined during the next reporting period along 

with on-going clarification of the optimal exploitation business innovation plans.  

The deliverable is organized in the following way: 

• Section 3 discusses the overall business environment, including main 

Demand Response players, new products and solutions they recently 

introduced, as well as important acquisitions and partnerships that occurred 

during the last year. Special sections are dedicated to gas demand response 

and to the mapping of HOLISDER Key Exploitable Results to market 

segments. 

• Section 4 introduces the main elements of the European regulatory 

framework, including important directives, network codes, guidelines, and 

packages. Overall summary of the situation in individual Member States is 

provided and further expanded in Appendix by a detailed description of DR 

regulation in selected states 
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• Section 5 provides overview of the technology landscape that covers 

technologies needed for implementation of both implicit and explicit 

Demand Response programs. In addition, it also summarizes latest 

innovation trends, emerging technologies, and relevant European projects. 

• Section 6 summarizes main conclusions that relates to key focus areas 

for Demand Response in Europe, innovative forms of Demand Response, 

and potentially disruptive technologies. 
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3 Business Environment 

Demand Response (DR) refers to actions taken in response to utility needs, grid 

conditions, and other external influences [1]. During certain grid side anomalies 

such as insufficient generation capacity, outages, supply side price fluctuations 

and others, service providers such as grid operators or aggregators aim to modify 

their customers load profiles in some fashion to try and mitigate the grid side issue. 

Usually the intention is to get the customer to decrease consumption, but in many 

cases the intention may be to increase consumption. Such actions by the service 

provider take the form of some type of DR signal being sent to the customers. DR 

signals may take many forms depending on the DR program design including 

incentives, pre-arranged by contracts, specific load profile instructions, direct load 

control, etc. In response to receiving the DR signal the customer enacts some sort 

of DR strategy to modify their load profile. 

DR programs are expected to change consumer behaviour and general 

attitudes toward power consumption through providing monetary rewards for 

power reduction [2]. DR transforms the centralized one-way traditional energy 

traffic flow from the power plants to energy-consuming units. DR programs, 

through intelligent and balanced energy management routines, create a two-way 

energy traffic flow, balancing energy demand with available supply, thereby 

enabling a highly interactive and more energy-efficient market. 

Managing energy use through DR programs has been in existence over the last 

two decades. Monetary incentives and cost-savings options by curtailing power 

consumption during peak demand period has been available for commercial and 

industrial customers since the early millennium. Factors such as the integration of 

Distributed Energy Resources (DER), rising adoption of smart meters in the 

residential segment, integration of Electric Vehicles (EVs) with smart grids, and 

government regulations encouraging the adoption of Demand Response (DR) have 

boosted the technology growth [8].  

The main drivers and growth factors include: 

• Rise in peak demand events that causes increased prices of retail energy 

• Energy efficiency targets introduced by regional regulations 

• Multiple power generation sources as a result of expansion of distributed 

energy generation 

• Changing fuel mix caused by retirement of base load thermal power plants 

Geographically, the North American region accounted for the highest 

revenue share of the global DR market. DR programs are being widely adopted 

by state utilities and other service providers. North America is nowadays the hub 

of Demand Response initiatives with approximately 60% of revenues coming from 

the United States [2].  
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However, Demand Response in Europe is still underutilized [7] and one of the key 

hurdles for the widespread adoption of DR is the lack of customer engagement 

and support, with the challenge being a lack of control of electrical devices during 

times of peak demand. A majority of customers in Europe are accustomed to 

uniform electricity prices, and therefore awareness about the volatile cost of 

electricity is limiting the uptake of DR programs.  

Also, customers participating in DR programs are required to make initial 

investments for installation of the DR systems and components. However, the 

high cost incurred before attaining benefits may demotivate the customers to 

adopt the technology.  

Last but not least, DR requires consumers, suppliers, other demand response 

service providers and distribution network operators to exchange increasing 

amounts of detailed data. Most consumers will be comfortable sharing their data 

if they are confident that it is stored securely in a way that safeguards privacy. 

Any framework for data exchange must take these concerns into account and 

ensure that the data are being used only for the purposes agreed. Generally 

speaking, this means that other parties can only access consumption data with the 

consumer’s explicit consent. 

Demand Response programmes can be categorised into two groups [9]: 

• Explicit Demand Response - in this program, demand competes directly 

with supply in the wholesale, balancing and ancillary services markets 

through the services of aggregators or single large consumers. This is 

achieved through the control of aggregated changes in load traded in 

electricity markets, providing a comparable resource to generation, and 

receiving comparable prices. Consumers receive direct payments to change 

their consumption upon request (i.e., consuming more or less). Consumers 

can earn from their flexibility in electricity consumption individually or by 

contracting with an aggregator.  

• Implicit Demand Response is sometimes called “price-based” and refers 

to consumers choosing to be exposed to time-varying electricity prices or 

time-varying network tariffs (or both) that partly reflect the value or cost of 

electricity and/or transportation in different time periods and react to those 

price differences depending on their own possibilities (no commitment). 

These prices are always part of their supply contract. Implicit DR does not 

therefore allow a consumer to participate alongside generation in a market. 

Many customers can participate in explicit DR through an aggregator, and at the 

same time, in an implicit DR program, through more or less dynamic tariffs, such 

as a day/night tariff. The requirements and benefits of each are different and build 

on each other. The two are activated at different times and serve different 

purposes within the markets. They are also valued differently. While consumers 
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will typically receive a lower bill by participating in a dynamic pricing programme, 

they will receive a direct payment for participating in an explicit DR programme. 

For practical implementation it is critical that DR activation and market 

participation is separated from the supply contract. This means that the offering is 

separated from the customer’s electricity price.  

The separation of the supply contract requires a new role: the role of the 

aggregator [7],[8],[9]. An aggregator is a service provider who operates – 

directly or indirectly – a set of demand facilities in order to sell pools of electric 

loads as single units in electricity markets. The service is provided separately from 

any supply contract. The aggregator – a service provider who may or may not also 

be a retailer of electricity – represents a new role within European electricity 

markets, but is well established in the USA, Australia, South Korea and Japan.  

Most consumers do not have the means to trade directly into the energy markets 

because, for example, they are too small to manage the complexity. They require 

the services of an aggregator to help them participate. Aggregators pool many 

different loads of varying characteristics and provide backup for individual loads 

as part of the pooling activity, increasing the overall reliability and reducing risk 

for individual participants. They create one “pool” of aggregated controllable load, 

made up of many smaller consumer loads, and sell this as a single resource. These 

loads can include electric heating and cooling, fans, water boilers, grinders, 

smelters, water pumps, freezers, etc. Aggregation services provided by an 

independent player or a retailer are a necessity for creating explicit DR 

programs. 

 Competitive Landscape 

In the overview of competitive landscape the primary focus is on Demand 

Response solution providers (section 3.1.1), which represent the most 

competitive group for HOLISDER. But since HOLISDER addresses also predictive 

maintenance of HVAC systems, potential competitors in this particular area are 

summarized separately in section 3.1.2. 

3.1.1 Demand Response Solution Providers 

Comverge, CPower, Eaton, EnerNOC, Honeywell, Schneider Electric, and Siemens 

are some of the top DR solution providers. Most of these companies also form the 

founding pillars of the Open Automated Demand Response (OpenADR) alliance, 

which was established in 2010 by multiple stakeholders of demand response to 

support the development of the OpenADR system and participate in grid reliability 

and dynamic pricing system. Figure 1 provides an earlier leaderboard chart 
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published by Navigant in 2015. While there have been shifts in the market, the list 

of top companies has not changed much since then. 

Other prominent energy providers participating in the DR program include Johnson 

Controls, EnergyHub, Nest Labs, Opower, and ThinkEco. Some start-ups, such as 

BuildingIQ have established the cloud-based energy management system and are 

expected to play a crucial role in the growth of Demand Response Management 

Systems. This section provides brief characteristics of all these companies 

 

Figure 1. Top Demand Response providers in 2015 [1] 

 

Comverge provides demand response for utilities, commercial and industrial 

customers, and residential consumers. Its solution is based on IntelliSOURCE 

software that provides demand management functionality enabling control of end-

use devices and systems, integration into the utility DR program and 

interoperability with metering infrastructure. It also offers bi-directional real time 

communication link for advanced devices or one way load control commands for 

simpler ones.  

CPower is an energy management company focusing on creating optimized 

energy management strategies for their commercial and industrial customers that 

help businesses streamline their energy usage, offset costs and reach their 



 

D8.3 HOLISDER Market Report First Version 

  

 

15 
 

sustainability goals, including demand response strategies. Their other areas of 

business include capacity programs creating long term grid stability, economics 

programs focused on reducing energy consumption and ancillary services creating 

short term grid stability by quick energy reductions. 

Eaton offers Yukon Demand Response Management software features DR 

management capability on a robust enterprise software platform supporting two-

way load control switches and smart thermostat solutions. Optional modules 

support measurement and verification data collection, Advanced Metering 

Infrastructure and Distribution Automation systems, while open interface 

standards and specifications ensure seamless integration to future enterprise 

software applications. 

EnerNOC, an Enel Group Company, is the largest provider of demand response 

worldwide, serving a capacity of 6GW across 8,000 customers worldwide, and a 

leading provider of energy management advisory and technology services and 

solutions for commercial, institutional, and industrial customers, as well as electric 

power grid operators and utilities. In August 2017, EnerNOC was acquired by the 

Enel Group. 

Honeywell is a diversified technology and manufacturing company covering also 

demand response. They are known for pioneering two-way communication 

solutions based on OpenADR protocol and combination of DR with their other 

residential and buildings automation products and technologies. Honeywell’s 

offering is based on a set of grid management tools including Forecasted DR, Fast 

Frequency Response, Distributed Energy Resources, Energy Storage and Grid 

Balancing. 

Schneider Electric offering ranges from reducing imbalanced costs and freeing 

assets dedicated to reserve to improving the load factor of generation assets. By 

implementing their Demand Response Management System and installing open 

ADR certified products, utilities lower consumers' electricity bills and offer their 

customers new energy services. Schneider Electric provides energy management 

and automation solutions worldwide, but primarily it is European leader with 1500 

MW already under management. 

Siemens offers Demand Response Management System (DRMS), which is a 

software platform that allows utilities, retailers, and aggregators to manage all 

aspects of their demand response programs through a single, unified, open-

standards-based system. Like other major building automation companies, 

Siemens solution fully integrates with both field and back office utility systems to 

leverage customers’ investments in Smart Grid technology. With such full 

integration, Siemens can intelligently target planned load curtailments at localized 

grid environments where localized grid stress is present. Siemens is a member of 

OpenADR alliance 



 

D8.3 HOLISDER Market Report First Version 

  

 

16 
 

Johnson Controls offers GridConnect solution which helps participants to reduce 

and shift their consumption out of peak electricity demand periods to times where 

electricity prices and usage are lower like many other solutions, but their 

customers participating in DR programs may receive payments just for being on 

standby to drop a portion of their load in case the electric grid reaches emergency 

conditions. Their curtailment strategies may include cycling air conditioning / 

heating; shifting production and use of light or heavy machinery off peak, turning 

off non-critical loads (e.g. fountains), or displacing load with on-site generation. 

Available enhanced metering provides near real-time visibility and analytics of 

energy use, offering greater awareness of consumption patterns, more control 

over demand response participation, and increased energy efficiency. 

Direct Energy focuses with demand response primarily for commercial and 

industrial customers, they connect customers’ energy assets to their 24/7 Energy 

Control Center powered by Centrica Business Solutions. It enables organizations 

to benefit from how they use energy and enables participation in the energy 

markets – making it possible for customers to buy and sell energy as market 

opportunities arise. 

EnergyHub’s Mercury DERMS empowers utilities and aggregators with tools to 

harness the unique capabilities of multiple classes of DERs and provide valuable 

grid services. Utilities can use Mercury for end-to-end program management: from 

enrolment, to control, to data analysis and optimization. EnergyHub partners with 

Nest Labs to utilize their learning thermostats. 

Opower is the global leader in cloud-based software for the utility industry 

focusing on behavioural demand response implementations; their solution uses 

AMI data, proprietary analytics, behavioural science, and personalized 

communication to drive measurable peak reduction at scale without requiring 

costly devices in the home. 

ThinkEco focus on smart control and monitoring of HVAC devices from anywhere 

offering a self-installable solution that makes it simple to bring energy awareness 

and device-level energy management to home and office environments. 

BuildingIQ who consider demand response as a part of their Predictive Energy 

Optimization solution; shifting the balanced approach of PEO to energy 

optimization to a more aggressive curtailment strategy that seeks to optimize 

comfort and energy consumption. BuildingIQ’s Demand Response automatically 

controls the BMS automatically down to the zone— accounting for the learning 

models for the building’s thermal behaviour, BMS capabilities, and tenant comfort. 
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3.1.2 HVAC Monitoring and Maintenance Solution Providers 

Potential business overlaps between Demand Response and HVAC predictive 

maintenance have not yet been addressed and until now these areas represent 

two distinct markets. But there is a potential for synergies, since obviously, it 

would be less efficient to apply Demand Response on malfunctioning or degraded 

HVAC equipment. Despite the popularity of HVAC predictive maintenance topic, 

commercially available solutions are mostly based on fault detection and 

diagnostics. This approach makes however a good sense, there is no reason for 

applying advanced technologies where simple, cheap and fast ones can do the job. 

 

 

Figure 2. HVAC predictive maintenance solutions 

 

Major building automation players like Siemens, Schneider Electric, Johnson 

Controls or Honeywell benefit from their existing infrastructure deployed in 

buildings and layer their HVAC monitoring and maintenance tools on top of it. On 

the other hand, brand new entrants are trying to establish in this field their 

platforms developed either as generic or for different businesses. In addition, a 

number of start-ups are entering this field with specialized concepts. Below are 

few examples of players in this market for the first three categories illustrated in 

Figure 2. The last two – model-based methods and solutions based on digital twin 

technologies – are still underutilized in buildings. 
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3.1.2.1 Rule-based Fault Detection and Diagnostics (FDD) 

Honeywell builds on top of its successful EBI (Enterprise Building Integrator) and 

adds services (Outcome-Based Services offering) allowing to tailor the offering 

towards customer needs. A customer can either subscribe to simple monitoring, 

obtaining regular summaries of their energy consumption or fully fledged service 

with individual equipment performance description, recommended actions and 

maintenance including expert supervision. 

Similarly, other companies including Siemens or Johnson Controls offer their 

data-driven diagnostics, preventive maintenance and remote building 

management tools allowing to customize service plans that bundle reactive, 

planned and predictive maintenance into an optimized strategy, usually designed 

to maximize return on investment while minimizing risks. They also benefit from 

well understanding of underlying communication protocols, so it is easier to hook 

up any maintenance tools to existing systems. 

KGS Buildings with their Clockworks can automatically analyse data to identify 

trends, diagnose problems, and suggest opportunities to repair costly problems or 

adjust control settings with significant savings potential. Consequently, it drives 

proactive maintenance. 

Also, quite different approaches can be seen on the market:  SkyFoundry with 

their SkySpark rather offer a platform allowing customers and partners (such as 

Bueno Systems) to configure their rules and generally algorithms customized for 

their specific sites (“do-it-yourself FDD” in Figure 2). This platform is supported by 

powerful web based environment with good data visualizations. 

3.1.2.2 Signal processing 

Like most machines, HVAC system components, whether mechanical, electrical, or 

pneumatic, generally provide early warning of an impending failure by changing 

some measurable signals that worsen over time. These signals can includes noises, 

vibrations, or electric currents. By systematic 24/7 monitoring of such signals 

generated by chiller compressors, pumps, fans, motors, and other types of HVAC 

equipment, it will be possible to detect changes from normal operation, early 

enough before equipment failure. Augury and Digital Sound Technologies are 

two examples of start-ups introducing predictive maintenance solutions based on 

audio analytics. Verdigris is specialized in analysis of current signals using Motor 

Current Signature Analysis (MCSA) method/ 

3.1.2.3 Statistical methods  

With more data being collected from buildings, underlying algorithms can become 

more powerful and move from expert-defined rules to machine learning. This 

attracts new players like Microsoft, Google or IBM well established in other 

areas. They offer their existing proven platforms to host and process building data, 

repeating their success story from other areas. Despite the fact, that the platforms 
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like Google’s PowerMeter or Microsoft’s Hohm were suspended, it can be expected 

that buildings will be explored and exploited by such players soon. 

 New Product Introductions 

Several new products, offerings and pilot projects were launched during the last 

year. Main four examples follow. 

Bring Your Own Thermostat (BYOT) [10] program was launched jointly by Salt 

River Project (a utility company based in Phoenix) and EnergyHub company that 

provides software and program management solution for demand response. Unlike 

in previous residential DR projects, in this case the consumers will be first time 

allowed to decide which particular thermostat they want to use for control of their 

HVAC loads. EnergyHub’s distributed energy resource management system 

(DERMS) will manage the program, including enrolment of individual customers 

and their thermostats. BYOT programs are expected to grow in popularity, 

combining customer interest in smart thermostats with new technologies that allow 

utilities to manage devices made by multiple manufacturers. 

NEDO and Daikin Completed ADR Demonstration System in Portugal [11] 

that aims to contribute to the stabilization of electricity supply and demand 

towards large scale deployment of renewable energy. The system is in operation 

in Lisbon since July 2018. The demonstration project is being conducted in 

collaboration with a Portuguese electric power retailer and a Virtual Power Plant 

(VPP) operator, who aggregates multiple small-to-medium power generation 

facilities of renewable energy. For this project, multi-split air conditioning systems 

for office buildings were equipped with cold storage units and a demand response 

function and installed in four public facilities in Lisbon, including City Hall. The 

upper limit of electricity consumption for the air conditioning systems is 

automatically controlled in response to the needs of the grid in balancing electric 

power supply and demand. 
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Figure 3. System overview of the ADR pilot in Lisbon [11] 

 

Price Responsive Demand (PRD) [12] - Independent System Operator (ISO) 

New England launched a new price-responsive demand structure that completes 

the full integration of demand response resources into the regional wholesale 

electricity marketplace. This allows market participants with demand response 

assets to participate in the energy and reserve markets similar to the way 

generators do. Demand response resources are now able to submit offers day-

ahead and real-time markets and they receive wholesale market payments 

comparable to that of generating resources for providing energy, operating 

reserves, and capacity to the New England electric system. 

Dynamic Demand 2.0 Platform by Open Energi [13] - Dynamic Demand 2.0 

platform connects, aggregates and optimises distributed energy assets, including 

industrial equipment, battery storage systems, electric vehicles (EVs) and on-site 

generation, to help businesses reduce their cost of consuming power. The platform 

uses artificial intelligence and machine learning to manage assets at an individual 

and portfolio level and continuously improve performance. Aggregate Industries, 

a leading producer and supplier of construction materials, is the first business in 

the UK to automatically optimise its electricity demand in real-time via Open 

Energi’s Dynamic Demand 2.0 platform [14]. The approach is forecast to deliver 

10% annual electricity savings and will provide valuable demand flexibility to 

support growing levels of renewable generation. 
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Figure 4. Aggregated demand flexibility determined by the Dynamic 

Demand platform [13] 

 Recent Acquisitions, Mergers and Partnerships 

Since the global Demand Response market evolves dynamically, there have been 

several acquisitions, mergers, and partnerships announced recently: 

ENEL’s Acquisitions. Italy’s Enel is consistently making serious investments in 

the emerging world of customer-owned and -controlled energy assets, from 

smarter building energy management systems and rooftop solar to batteries and 

plug-in electric vehicles. Enel has been acquiring companies to get there, starting 

with Demand Energy [16] in January 2017, and later EnerNOC [17] in June 

2017. With acquisition of EnerNOC, Enel incorporated more than 8,000 customers, 

14,000 sites and a total of 6 GW of demand response capacity into its portfolio. 

While running through the acquisition process EnerNOC was able to win major 

Demand Response contracts in the United States and Australia. 

• Contract with FirstEnergy [19] was signed for four years with the 

objective to deliver Demand Response to Pennsylvania utilities. Load 

reduction can include temporarily reducing or shutting down industrial 

processes, switching off lights in groups or sequences, reducing the use of 

HVAC systems, shutting down large motors and compressors, or starting 

back-up generation 

• 50 MW DR contract in Australia [18] was signed with the Australian 

Renewable Energy Agency (ARENA) and the Government of New South 

Wales. Under the terms of the contract, EnerNOC will develop and operate 
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a 50 MW demand response resource to support system reliability in the 

electric market. The dispatchable DR resource will utilise aggregated load 

curtailment from commercial and industrial energy users across New South 

Wales and Victoria to respond within 10 minutes. 

• Contract with GlenWood [15] - EnerNOC has been selected by property 

developer Glenwood Management for the provision of demand response 

services. The project will help Glenwood Management to reduce energy 

costs and maximise financial returns across its luxury, residential and rental 

properties. 

Itron’s Acquisitions - Over the past few years, Itron has taken a leading role in 

adding edge processing power and data analytics to its smart meters, sensors, and 

other grid gear, as well as in expanding via wireless networks to devices inside 

homes and businesses. The company has traditionally made money selling units 

of hardware, but it is increasingly seeking recurring revenues through software 

and services and that is why it acquired Comverge [20], a demand response 

provider that has tied together 2.7 gigawatts of demand response projects for 

nearly 30 utilities. Later in 2017, Itron also acquired Silver Spring Networks 

[21]. In North America, Silver Spring and Itron together cover over half of known 

installed and contracted AMI endpoints and they plan to expand with highly secure, 

value-generating solutions for the critical infrastructure within utilities, smart cities 

and the broader industrial IoT sector. Within the last year, Itron was able to extend 

its contract with Southern Maryland Electric Cooperative [22] to continue to 

provide SMECO with a fully outsourced and pay-for-performance demand response 

solution that helps the cooperative ensure reliable power and lower rates for its 

members. Itron has operated this outsourced demand response program for nine 

years, deploying more than 45,000 load control devices for residential and small 

commercial customers. 

CPower Acquired eCap [23], a leading provider of energy efficiency 

measurement and verification services in the PJM market.  The purchase was a 

part of CPower's ongoing efforts to expand its demand-side management services. 

The acquisition helps CPower provide its customers with an opportunity to create 

more value from their energy efficiency projects as the PJM market evolves to 

meet the grid's reliability needs of the future. CPower also announced a new 

partnership with Stem [25], a company that has deployed more than 120 

megawatt-hours of its lithium-ion battery systems at buildings in California, Hawaii 

and Texas. This partnership is based on a concept that will combine fast and 

reliable batteries with relatively cheap HVAC control systems to deliver greater 

flexibility. Commercially, CPower has been successful in securing a contract with 

Southern California Edison [24] to provide 35 MW of the utility’s 100 MW 

capacity procurement as part of the 2018/2019 Demand Response pilot program 

entering its third phase. 
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Centrica Acquired REstore [26] - British energy supplier Centrica has bought 

Belgian demand response aggregator REstore for 70 million euros. Prior to 

acquisition, REstore was able to manage 1.7 gigawatts of peak electricity load from 

industrial and commercial customers across Belgium, Britain, France and 

Germany. Smaller aggregators have gained traction in the British market after 

National Grid launched a campaign to raise awareness among businesses about 

the commercial benefits of demand-side response and reducing energy usage. Big 

power firms like Centrica were being undercut by these newcomers and losing 

business in Britain’s 1-billion pound ($1.3 billion) electricity balancing market. 

Ormat Acquired Viridity Energy [27] - Viridity’s earliest work was focused on 

grant-funded microgrid projects at university campuses in Pennsylvania and 

California. In 2012 it launched a project with the Southeastern Pennsylvania 

Transit Authority to use 300 kilowatts of batteries to capture regenerative braking 

power from trains and sell it into PJM’s frequency regulation market, and recently 

expanded the scope of that project to 8.5 megawatts with partner Constellation 

Energy. More recently, Viridity has been growing a separate line of business as a 

provider of software to energy retailers such as Constellation, ConEdison Solutions 

and Engie Resources. These channel partners have about 3,000 commercial and 

industrial sites that are using Viridity’s software, representing about 850 

megawatts of controllable load. 

 Gas Demand Response 

A key area of opportunity for natural gas DR lies in alleviating pipeline capacity 

constraints during periods of peak usage, which are typical spikes in demand 

driven by extreme weather or logistical issues [1]. Peak demand events usually 

result in high daily natural gas and electric prices that largely affect electricity 

consumers but not gas consumers since they are not exposed to wholesale daily 

price spikes. 

Natural gas DR is generally targeting reduction in demand by natural gas 

customers (residential, commercial, and industrial) during peak periods, either in 

response to prices or direct load control by the utility. For instance, residential 

consumers can achieve heating demand reduction via thermostat control or water 

heater temperature settings. Similarly, commercial and industrial consumers can 

participate via interruptible service and fuel switching.  
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Figure 5. Complementarity of electric and gas demand response [6] 

While electric DR typically targets summer peak conditions, gas DR could help in 

winter peak conditions (see Figure 5). But until now DR in the natural gas sector 

has been less prevalent than DR in the electricity industry due to the lack of clear 

market signals that otherwise would enable market participants to put a price on 

deferred natural gas consumption. The price value of gas DR would have to be a 

negotiation due to an absent market structure. To provide an incentive for natural 

gas DR, the price would need to be equal to or less than the price paid for 

consuming the gas.  

Also, the current regulatory and market framework does not allow natural gas 

customers to easily monetize value of providing gas DR. Firstly, because natural 

gas DR currently does not participate in the electric market and therefore cannot 

benefit from value it creates in that market. And secondly, the current regulatory 

framework also makes realizing full potential of natural gas DR challenging. 

Recently several utilities launched innovative natural gas DR programs to discern 

the value of it alleviating system constraints.  

Since 2016-17, the Southern California Gas (SoCalGas) launched a natural gas 

DR program [6] that notified customers on event days (without smart 

thermostats). Later this initial effort was extended by deployment of smart 

thermostats to incentivize customers to adjust both their natural gas and electricity 

demands. SoCalGas pilot resulted in a 3.7% average reduction in demand on 3 of 

the 7 event days for residential customers enrolled. 

Consolidated Edison (ConEd) proposed a natural gas DR program [5] for firm 

customers (commercial and industrial) and aggregators for winter 2018-19, based 

on 24-hr event windows. This pilot will test the feasibility of incentivizing customers 
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to provide net reductions of natural gas demand during peak gas demand days on 

the coldest days of the winter. Customers will have the option to participate 

through either curtailing gas consumption or reducing gas usage by fuel-switching 

to electric during the event days. 

 Mapping HOLISDER Exploitable Results to Market Segments  

This section describes the mapping of Key Exploitable Results (KER’s) of the 

HOLISDER project to individual market segments. This assumes more detailed 

structure of the market than it was summarized in section 3.1. Specifically, the 

following market segments and niches were identified:  

• Load Control Software,  

• DR Management Systems and Platforms,  

• Smart Grid Analytics,  

• Consumer Apps and Dashboards,  

• HVAC Predictive Maintenance. 

Key Exploitable Results are summarized in details in deliverable D8.1 The whole 

HOLISDER architecture is illustrated in Figure 6. Table 1 then provides the mapping 

of components to exploitable results and respective markets, which is further 

documented in the following sections. 

Table 1. mapping of key expoitable results to market segments 

Market Segment Key Exploitable Results 

Load Control Software #1 Global Demand Manager 

#5 Local Demand Manager 

DR Management 

Systems and Platforms 

#2 IEC 61968/61970 extensions 

#3 End-to-end interoperability framework  

#6 EF-Pi integration with other components 

#7 EF-Pi for distributed systems 

Smart Grid Analytics #4 Software for Aggregators and Retailers 

#8 Energy Tariff Emulator  

#10 Visualization and End-User Toolkit 

Consumer Apps and 

Dashboards 

#4 Software for Aggregators and Retailers 

HVAC Predictive 

Maintenance 

#9 Predictive Maintenance Advisor 
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Figure 6. HOLISDER architecture 

3.5.1 Load Control Software 

This segment includes intelligent software capable to dynamically manage 

commercial or residential loads in response to DR signals or prices coming from 

external actors. This software does load reduction or shifting to minimize related 

costs while maintaining comfort for occupants. 

Relevant HOLISDER KER’s: Global Demand Manager (#1) and Local Demand 

Manager (#5) 

Competing solutions and customers do exist in both commercial and residential 

buildings. But there is a gap on the market on the district level. 

Commercial buildings  

• Competitors include cloud-based solutions offered by Building IQ and 

recently also by Flexergy.ai. They both offer dynamic load management 

over the horizon of 24 hours with the objective to optimally handle DR 

events. 

• Customers in this case are facility managers and building owners that are 

interested in participation in Demand Response programs. Alternatively 
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these solutions can be sold in partnership with a utility company that needs 

to implement and roll-out its DR program in the most efficient way. 

Residential buildings 

• Competitors include companies like Whisker Labs that implements 

advanced thermostat control service to optimize its operation during DR 

events. 

• Customers are home owners that can be approached directly or in 

partnership with a utility company implementing a DR program. 

3.5.2 DR Management Systems and Platforms 

This is a broad category of solutions that are used for management of DR events, 

including information exchanges between individual components and actors, as 

well as dispatch of control signals to individual loads. These systems and platforms 

ensure interoperability of all components and execution of DR events. 

Relevant HOLISDER KER’s: End-to-end interoperability framework (#3), 

including EF-Pi (#6, #7) and IEC 61968/61970 extensions (#2) 

Competitors in the market are all bigger and smaller players with their respective 

systems, e.g. Comverge (IntelliSOURCE system), Eaton (Yukon system), 

Honeywell (Akuacom DRAS system), Direct Energy (Energy Control Center), or 

Open Energi (Dynamic Demand 2.0 platform). 

Customers are primarily utility companies but potentially also aggregators that 

need to ensure proper distribution of all signals and commands that will either 

influence individual consumers (implicit DR), directly control their loads (explicit 

DR), and verify if the committed actions were executed. 

3.5.3 Smart Grid Analytics 

This is a broad category of solutions primarily for utilities and aggregators including 

tools for analysis of consumer portfolios and for identification of optimized billing 

strategies, as well as innovative solutions for forecasting and management of 

electricity demand flexibility. 

Relevant HOLISDER KER’s: Energy Tariff Emulator (#8), Software for 

Aggregators and Retailers (#4) and Visualization and End-User Toolkit (#10) 

Competitors: There are traditional market players such as IBM or Oracle 

providing analytics over energy (smart meter) data. Though, and as one of the 

objectives is to provide DSM-oriented services. The main competitors in EU DR 

market include Cybergrid, Autogrid and Actility.  

Customers: There are 2 different types of customers for the Data Analytics tool: 
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• Aggregators and Utilities that want to analyse portfolio data and further trigger 

innovative business strategies (DR strategies) to their customers 

• 3rd parties (ESCOs, Authorities, private companies) with an already established 

portfolio. Data analytics enable management of their portfolio towards 

triggering DSM or dynamic pricing strategies. 

3.5.4 Consumer Apps and Dashboards 

This segment includes mobile apps and web-based dashboards for residential 

consumers that can provide multiple functions, such as consumer profiling 

(creating detailed consumption profiles) or informative billing (personalized billing 

reports). 

Relevant HOLISDER KER: Visualization and End-User Toolkit (#10) 

Competitors in the market are companies providing behavioural triggering 

services with the objective to actively engage consumers in energy efficiency and 

sustainable behavioural change. The leading company in the market is Opower 

focusing on data analytic and not on user personalization. 

Customers can be divided into two different categories: 

• Utilities that want to analyse the portfolio data and further trigger personalized 

services to the portfolio  

• 3rd parties (ESCOs, Authorities, private companies) with an already established 

portfolio. The Consumer Profiling engine will enable the provision of more 

accurate and personalized energy services. 

3.5.5 HVAC Predictive Maintenance 

This segment includes embedded or cloud-based remote monitoring solutions 

whose objective is to continuously analyse available data to detect anomalous 

behaviour, inefficiencies, and early indications of faults that will all help to address 

existing issues before they develop into serious problems. These solutions 

generally help to optimize maintenance schedules and reduce associated costs. 

Relevant HOLISDER KER: Predictive Maintenance Advisor (#9) 

Competitors: In the area of performance monitoring of commercial HVAC 

systems the most advanced are solutions including Honeywell’s Outcome-Based 

Services, Johnson Controls’ Panoptix, SkyFoundry, Analytika by Cimetrics, KGS 

Buildings, and others. These solutions mostly focus on assessing inefficient 

operations of the system, revealing energy savings by improving HVAC 

performance and allowing its predictive maintenance. Some of these solutions are 

based on a platform able to connect to a wide range of BMS systems and offering 

a large number of analytics.  
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The other group of competitors are entrants from IT sectors (IBM, Microsoft, etc.) 

that offer powerful analytics software to be configured for continuous performance 

monitoring of HVAC. And then also companies specialized in solutions that rely on 

specific sensors – e.g. audio (Augury, Digital Sound Technology) or electric current 

signals (Verdigris). 

Customers: There are two possible major types of customers or routes to market. 

The monitoring and maintenance services can be offered directly to customers 

which are building owners, facility managers, or service companies. The other 

possibility is to partner with OEMs (manufacturers of HVAC equipment) and system 

integrators: offering a service allowing OEMs and system integrators to access and 

assess data generated by their equipment creates a new value for all sides. 
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4 European Regulatory Framework for Demand Response 

The European regulatory framework for Demand Response was described in detail 

in the report of Smart Energy Demand Coalition [7] and other documents related 

to Demand Response [8],[9]. In this section we summarize highlights from these 

reports.  

The European Union plans to use Demand Response as one of the drivers for the 

successful integration of renewable energy sources in order to meet the challenges 

brought about by greenhouse gas emissions and energy efficiency. The Electricity 

Directive (2009/72/EC) and Article 15 of the Energy Efficiency Directive 

(2012/27/EU) stipulate many provisions in regard to Demand Response markets 

throughout the European Union. Currently, only about 10% of Demand Response 

potential is being tapped. Therefore, in an effort to increase Demand Response 

activity and engagement, the Energy Efficiency Directive calls for member states 

to make moves in order to remove incentives in transmission and distribution 

tariffs that might hamper Demand Response participation. Moreover, national 

energy regulatory authorities should encourage the participation of demand side 

resources, such as Demand Response, alongside supply in wholesale and retail 

markets. Finally, Member States are asked to ensure that operators implement 

tariffs that incentivize consumer participation in Demand Response. 

 The Electricity Directive – 2009/72/EC 

The current Electricity Directive of the Third Energy Package already defined the 

concept of energy efficiency and demand-side management, acknowledging the 

positive impact on environment, on security of supply, on reducing primary energy 

consumption and peak loads. Article 25.7 requires network operators to consider 

Demand Response and energy efficiency measures when planning system 

upgrades. Article 3.2 also states “In relation to security of supply, energy 

efficiency/demand-side management and for the fulfilment of environmental goals 

and goals for energy from renewable sources, [...] Member States may introduce 

the implementation of long-term planning, taking into account the possibility of 

third parties seeking access to the system”. This language was strengthened 

further within the Energy Efficiency Directive (EED). 

 The Energy Efficiency Directive (EED) – 2012/27/EU 

In order to accelerate the pace towards the full deployment of the Demand 

Response’s potential, the recent Energy Efficiency Directive (EED) 2012/27/EU, 

include specific provisions and significant actions in support to Demand Response.  
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• Art. 15.1 requires that technical or contractual modalities, in particular 

network tariffs and regulations are adapted or changed if necessary in order 

to allow energy efficiency measures and services to be implemented: this 

implicitly allows the development of Demand Response participation in the 

energy market (without affecting the security of the system). 

Network tariffs and dynamic pricing can be considered to give clear market signals. 

• Art. 15.4 requires that network tariffs and regulation do not prevent TSOs, 

DSOs or energy retailers, from offering measures to shift demand from peak 

to off-peak or measures inducing customers to reduce demand. Moreover, 

network tariffs must reflect the reductions in network costs brought by 

Demand Response. 

• Art. 15.8 contains dedicated provisions for effective relationships between 

different stakeholders, allowing for the engagement of the various actors 

including DR alongside supply in wholesale and retail markets. In meeting 

requirements for balancing and ancillary services, TSOs and DSOs must 

treat Demand Response providers, including aggregators, in a non-

discriminatory way: Member States engage in the definition of technical 

modalities to promote access and participation of DR in balancing, reserve 

and other system services markets. 

By promoting dialogue and coordination between the parties, National Regulatory 

Authorities should also guarantee that clear technical rules and operational 

requirements (tendering, contractual arrangements, etc.) are disclosed, based on 

which DR can take part in the balancing market and in other system services. 

 The Network Codes 

The Network Codes are a set of rules drafted by European Network of Transmission 

System Operators for Electricity (ENTSO-E), with guidance from the Agency for 

the Cooperation of Energy Regulators (ACER) and the oversight of the European 

Commission, to facilitate the harmonisation, integration and efficiency of the 

European electricity market. These Codes will be critical for the development of 

Demand Response, because they describe the terms and conditions under which 

demand-side flexibility providers will be able to participate in the electricity 

markets. 

 State Aid Guidelines for Energy and Environment 

In April 2014, the European Commission adopted new rules on public support for 

projects in the field of environmental protection and energy. Among other issues, 

the new Guidelines clarify under what conditions state aid to secure adequate 
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electricity generation is permitted. This allows Member States to introduce so-

called “capacity mechanisms”, for example to encourage producers to build new 

generation capacity or prevent them from shutting down existing plants or to 

reward consumers to reduce electricity consumption in peak hours. Although the 

text still refers to “generation adequacy”, it requests the primary consideration of 

“alternatives” to capacity mechanisms, such as Demand Response. The rules state 

that, once set up, the capacity mechanisms must provide adequate incentives to 

existing and future generation, Demand Response and storage. In detail, this is 

clarified in the following provisions: 

• (221) [...] Member States should therefore primarily consider alternative 

ways of achieving generation adequacy which do not have a negative impact 

on the objective of phasing out environmentally or economically harmful 

subsidies, such as facilitating demand side management and increasing 

interconnection capacity. 

• (227) The measure should be open to and provide adequate incentives to 

both existing and future generators and to operators using substitutable 

technologies, such as demand-side response or storage solutions. [...] 

• (232) The measure should be designed in a way so as to make it possible 

for any capacity which can effectively contribute to addressing the 

generation adequacy problem to participate in the measure, in particular, 

considering the following factors: 

a) the participation of generators using different technologies and of 

operators offering measures with equivalent technical performance, 

for example demand side management, interconnectors and storage. 

Given that a number of Member States have already introduced, or are considering 

introducing or revising capacity mechanisms, these rules will be vital to create the 

solid legal basis needed to ensure that, when state aid is permitted for 

guaranteeing system adequacy, it should be provided in such a way that demand-

side resources are not excluded, and so the lowest cost combination of resources 

can be acquired. However, the real value of these guidelines in creating a level 

playing field between the different technologies depends on the Commission’s 

resolve to apply them. 

 Clean Energy Package 

The European Commission launched the Clean Energy Package in November 2016; 

a number of legislative proposals including, most importantly for Demand 

Response, the revision of the Electricity Directive and of the Electricity Regulation. 

This could represent the most important change in the regulatory context ever 

seen in Europe, for Demand Response.  
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For example, the proposed text systematically includes Demand Response as a 

resource in the provisions for all organised electricity markets, alongside storage 

and generation. It also requires that provisions for balancing and wholesale 

markets accommodate renewable energy sources and increasing demand 

responsiveness. Specific improvements of production definitions for balancing and 

wholesale markets are proposed, regarding procurement and minimum bid sizes 

respectively. Long-term hedging opportunities are also made tradable on exchange 

in an open and transparent manner and, where they exist, capacity mechanisms 

shall select capacity providers in a transparent, non-discriminatory and market-

based process. Balancing and ancillary services, as well as dispatching, re-dispatch 

and curtailment, are generally to be market-based (exceptions are possible in 

some cases).  

In addition, the incentive structures for Distribution System Operators are to be 

adapted to encourage the market-based sourcing of system services at the DSO 

level. Eligible parties, including customers, retailers and aggregators, should be 

able to access relevant data based on the consumer’s consent. Finally, the 

proposals include the obligation for all Member States to introduce a conducive 

legal framework for Demand Response aggregators to foster market participation 

of DR, including through independent aggregators, enable their access to the 

market, and define relevant roles and responsibilities. 

Among other important aspects in the legislative package, these key proposals for 

Explicit Demand Response are complemented by further provisions essential to 

enabling Implicit Demand Response. If accepted and adopted by the European 

Parliament and Council, and fully implemented across the EU, these overarching 

provisions will play a significant role in removing the different barriers identified in 

this report. 

 Situation in EU Member States 

There is a striking contrast between the requirements of the European Energy 

Efficiency Directive and the effective means at the disposal of consumers wanting 

to access the day-ahead, intra-day, balancing or other markets. First and 

foremost, participation of demand-side resources in all electricity markets should 

be authorised. This very basic condition is still not fully met in the majority of EU 

Member States. For example, in several markets demand-side resources are only 

allowed to participate in a small number of programmes and certain markets are 

as of today still entirely closed to Demand Response (such as balancing markets 

in Italy and Spain, or re-dispatching markets in Germany). It is evident that 

general market opening is a fundamental pre-condition for Demand Response to 

evolve. At the same time, aggregated load must be allowed and encouraged to 

participate. For a significant quantity of demand-side flexibility resources to be 
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available to the system, TSOs and market operators should open the markets to 

aggregated load. Most countries which have opened their product requirements to 

Demand Response have also enabled aggregated load to participate (e.g. France, 

Belgium, Switzerland, Great Britain, etc.). On the contrary, other European 

countries opened some of their markets to load participation, but not to aggregated 

loads, therefore disqualifying all except the largest industrial consumers from 

accessing these markets (e.g. Slovenia, Poland). 

The research shows that there has been an overall increase of interest in enabling 

Demand Response in almost of all the countries examined. Since the previous 

edition of the report, regulatory changes have been implemented or are planned 

in many of the analysed countries. Notably, in the countries where Demand 

Response has traditionally been almost non-existent, such as Estonia, Spain, Italy, 

there has been at least some regulatory interest in exploring its potential.  

The European countries that currently provide the most conducive framework for 

the development of Demand Response are Switzerland, France, Belgium, Finland, 

Great Britain, and Ireland. Nevertheless, there are still market design and 

regulatory issues that exist in these well-performing countries. Switzerland and 

France have detailed frameworks in place for independent aggregation, including 

standardised roles and responsibilities of market participants. In France, a new 

draft decree being reviewed by the Conseil d’Etat in early 2017 could provide for 

a new financial settlement framework whereby a significant of the payment to 

retailers with curtailed customers would be charged to retailers rather than to 

demand response providers. However, issues persist around a standardised 

baseline methodology. In both Belgium and Ireland upcoming legislation should 

help to increase the participation of Demand Response. New legislation addressing 

the role of the aggregator and independent aggregation will soon be put in place 

in Belgium, which will help to provide an equal footing for all market actors; a 

strong sign for the uptake of Demand Response. However, there are still some 

issues regarding measurement and verification that inhibit the growth of Demand 

Response. In Ireland, the new “Integrated Single Electricity Market” to be 

implemented in 2018, together with the DS3 programme, will open a range of 

markets for demand side response, specifically the balancing market, and the 

wholesale market, as well as a newly designed Capacity Mechanism. Great Britain 

continues to have a range of markets open to demand-side participation. 

Independent aggregators can directly access consumers for ancillary services and 

capacity products, and the country recently has started considering a framework 

for independent aggregator access to the Balancing Mechanism.2 Yet, with 

relatively burdensome measurement and verification procedures in place for 

Demand Response, it still has room to improve. Finland stands out amongst the 

Nordic countries primarily as it allows independent aggregation in at least one of 

the programmes in the ancillary services, and due to its advanced provisions for 

measurement and verification. It will also be experimenting through pilot projects 
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with independent aggregation in other parts of the balancing market starting in 

2017. 

Austria, Denmark, Germany, Netherlands, Norway, and Sweden are marked yellow 

as regulatory barriers remain an issue and hinder market growth. Although several 

markets in these countries are open to Demand Response in principle, programme 

requirements continue to exist which are not adjusted to enable demand-side 

participation. Furthermore, a lack of clarity remains around roles and 

responsibilities of the different actors and their ability to participate in the markets. 

However, Germany, the Nordic countries and Austria have started processes to 

find a standard solution for the role of independent aggregation. One of the notable 

differences in this year’s mapping was that Germany has moved from orange 

status in 2015 to yellow in 2017. This is primarily due to the fact that product 

definitions have been updated or are about to be updated, and balancing reserve 

markets are about to be opened for independent aggregation. 

Slovenia, Italy, and Poland are coloured orange. In Slovenia and Poland, no major 

regulatory changes have been made within the past couple of years that would 

have allowed for further Demand Response participation. Notably, Italy has 

upgraded its status from red in the previous SEDC Demand Response Maps to 

orange today, as it has slowly started to take the regulatory steps needed for a 

solid framework for Demand Response. However, despite the gradual opening of 

markets, significant barriers still hinder customer participation. For example, major 

sections of the market are still closed off and they lack a viable regulatory 

framework for Demand Response overall. Spain, Portugal, and Estonia are 

coloured red because aggregated demand-side flexibility is either not accepted as 

a resource in any of the markets or it is not yet viable due to regulation. Here, we 

see a critical disconnect between political promises and regulatory reality. Estonia 

may be an important country to watch in the future given that markets could open 

once they have disconnected from the IPS/UPS synchronous area. 

The appendix of this deliverable provides a detailed summary for each of 

the Member States where Demand Response is either commercially active 

or partially open. This includes France, Belgium, Ireland, Great Britain, Finland, 

Germany, Denmark, Austria, Sweden, and The Netherlands. 
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Figure 7. Map of explicit demand response development in Europe [8] 

To sum up, the regulatory framework in Europe for Demand Response is 

progressing, but further regulatory improvements are needed while the EU 

Demand Response market is further advanced than it was a couple of years ago, 

it is still fragmented. Cooperation between Member states can be seen within 

different regions in terms of cross border trade on the wholesale and balancing 

market, which is a positive sign. However, more work needs to be done to 

accelerate the promotion of Demand Response across all Member States. There 

are still major barriers (such as penalties, product requirements, consumer access, 

etc.) that need to be addressed before the EU can reach a harmonised internal 

energy market.  

 Path Forward 

SEDC report [7] identified the following main market trends and drivers that are 

critical for reaching a wider adoption of demand response in Europe. These are to 

be closely followed by the HOLISDER consortium since they are pre-conditions of 

potential future HOLISDER success. 
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• EU regulatory framework requires further improvements to overcome 

existing fragmentation and accelerate the promotion of Demand Response 

across all Member States. 

• Consumer access to Demand Response services remains restricted, which 

has negative impact on the effective functioning of the market. The major 

change is required to enable the role of independent Demand 

Response aggregators.  

• EU Member States need to continue opening balancing markets to 

demand-side resources. In some countries, balancing market 

programmes have been opened for pilot projects, while in others overall 

market design reform will open the whole market to demand-side resources. 

• The wholesale market must be further opened to demand-side 

resources. Currently the framework allows only for BRPs or retailers to 

aggregate and sell flexibility on the wholesale market. 

• Local system services are not yet commercially tradeable in European 

countries, which means that incentive structures for Distribution System 

Operators in Europe do not yet encourage the use of market-based flexibility 

resources. 
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5 Technology Landscape 

In this section we provide overview of various technologies that are required to 

implement DR solutions in residential or commercial buildings. The focus is on the 

required infrastructure and components to be installed inside each building. 

Demand Response Management Systems that are used by utilities to manage 

Demand Response are not in scope of HOLISDER, and thus, not included in this 

review. 

 Technologies for Implicit DR 

Implicit DR requires the installation of few key technologies within the building, so 

as to provide utilities, business and residential customers with the possibility to 

monitor energy usage in a fine-grained scale, and allow demand modification 

according to electricity tariffs. In particular, we identify two main technologies 

necessary for implicit DR. First, Advanced Metering Infrastructures (AMIs), which, 

from the point of view of electricity suppliers, allow remote meter data reading of 

consumer-specific usage data, such as instantaneous and interval usage. This data 

is then utilized for dynamic pricing from the energy markets. Second, User 

communication and graphical interfaces, as well as applications that inform 

consumers on the time-varying tariffs and, possibly, further assist in the decision-

making process regarding load control, through suitable energy analytics 

applications. 

5.1.1 Advanced Metering Infrastructure 

The Advanced Metering Infrastructure (AMI) constitutes the backbone of ICT 

technologies with respect to DR. AMIs, in their general form, are assumed to 

comprise of the following subsystems [47],[57],[66]. 

Smart Meters lie in the heart of advanced metering, since they allow, at a 

minimum, the real-time or near real-time measurement of energy consumption 

and cost, which can be monitored, either automatically or on demand, both locally 

and remotely, through local and global network communications. Further 

capabilities can include metering of other consumption types such as gas and 

water, data processing, remote disconnection and reconnection capabilities, as 

well as integration with an energy management system. 

Meter Data Management Systems (MDMS) refer to application systems, along 

with databases and associated analytical tools that process the meter data and 

perform functions such as validation, estimation and storage of energy profiles. 

They also provide interconnection with billing systems and other application 

services. They are predominantly located at the utility’s side, but can provide data 

tailored for end-user consumption as well.  
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Communication networks - The role of communication infrastructure is twofold. 

First, it provides interfaces linking smart meters to other electrical devices, 

allowing such management systems as in-home displays, which inform the 

consumer about energy consumption, prices or other emergency DR signals. 

Second, back-haul networks undertake the job of providing bi-directional 

communication to and from the smart meter devices and the MDMSs. 

Through the aforementioned technology features provided by AMIs, implicit DR 

schemes (TOU, RTP, CPP, CPD) can be introduced in the market. In addition, AMIs 

have further benefits including increased consistency in billing periods, theft 

reduction and better troubleshooting. In summary, they provide efficient 

management of metering activities, which is a fundamental element needed for 

the introduction of other ICT technologies in power systems. 

Examples of Commercially Available Solutions 

A number of AMI solutions are offered in the market. Some prominent products 

are discussed below. 

• Huawei AMI: Huawei provides an integrated AMI solution, consisting of a 

master station DCP (Data Collection Platform), WAN (Wide Area Network), 

and NAN (Neighbourhood Area Network). The DCP contains a head-end and 

a MDMS system. The head-end system interacts with devices, manages 

communications protocols, adapts internet protocols, and collects and stores 

metering data. The MDMS manages data analysis, monitors the operating 

status of systems, compiles statistics, analyses reports, and further 

oversees operations and maintenance. The WAN supports various 

communication protocols, such as GPRS/3G, Ethernet, and medium-voltage 

Power Line Carrier (PLC). The NAN layer contains smart meters, Data 

Concentrator Units (DCUs), and local communication networks. Different 

communication protocols are supported between meters and DCUs, such as 

RS485, PLC, ZigBee, Sub-GHz or GPRS/3G. Smart meters integrate 

appropriate communication chips, e.g. the Huawei PLC chip, Sub-GHz chip 

or GPRS/3G chip. Applicability is reported to scale up to small state and 

large metropolitan grids [45]. Figure 8 shows the AMI architecture solution 

by the company. 

• Diehl AMI: The German company Diehl offers a complete AMI solution, 

which also allows integration with water and gas smart consumption 

metering. The MDMS system is provided in standalone, web-based and 

mobile versions. Communication between the MDMS and the data collectors 

and gateways can be performed through standard TCP/IP Internet and 

GPRS, while metering devices communicate with the gateways though wired 

or wireless M-BUS interfaces [32]. 
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• Enel AMI: Enel, an Italian multinational manufacturer and distributor of 

electricity, also provides a complete AMI architecture. Communication 

between meters and local data concentrators is performed through Low and 

Medium Voltage PLC, while TCP/IP is used between concentrator and MDMS. 

The system provides the additional ability to employ multiservice data 

collectors, which can also aggregate heat, gas and water consumption using 

RF communication protocols [37]. 

 

Figure 8. AMI Solution by Huawei [45] 

 

Cost: Information on AMI installation and maintenance costs is scarce. Based on 

reported data on SmartGrid.gov, an online resource for information about the 

Smart Grid and government-sponsored Smart Grid projects in the US, the average 

cost of smart meters can be computed to be between 150 and 200 dollars per 

device [72]. Communication infrastructure and further IT systems cost can range 

from as low as the price of an internet connection, up to thousands, for a complete 

solution that will also allow complete bi-directional communication and automated 

control over individual loads and detailed data monitoring and analysis. 

5.1.2 User Interfaces and Applications 

An important aspect of implicit DR infrastructure is to provide the end user with 

correct, on-time and comprehensive information regarding energy consumption 

and cost, so as to facilitate the decision-making process. A number of different 

technologies can be identified with respect to this functionality: 

In-home displays (IHDs) connect directly to the smart meter and/or the home 

and internet network, in order to supply the consumer with the appropriate 
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information, which can range from real-time energy usage values and the 

associated cost, to critical electricity pricing events, time-varying tariffs associated 

with the DR program, as well as current and estimated bills.  

Mobile apps and Web-based Services have emerged as an alternative to in-

home displays, since they can serve the same purpose as IHDs, without incurring 

the additional cost of having to supply actual hardware devices. A further potential 

advantage of this technology is that it could drive manufacturers to adopt common 

communication protocols, increasing thus interoperability of the related 

infrastructure.  

Energy Analytics Applications - Going a step further from simple reporting of 

observed consumption values, energy analytics applications have been created, 

which draw upon the accumulated energy data, collected via smart meters, and 

analyse these data to provide insights and possibly optimization suggestions 

regarding user consumption profiles and behaviour, both to the utilities and the 

end-users. 

Examples of Commercially Available Solutions 

Due to the flexibility of communication pathways and the multitude of analysis 

opportunities, a plethora of commercial solutions exist in the market of user 

interfaces and applications. Below we demonstrate this fact and present a number 

of available products, provided by start-ups up to large multinational energy and 

ICT companies.  

• Landis+Gyr IHDs: based in Switzerland, focuses on metering and other 

technologies which deal with management of energy. Among their range of 

residential, commercial and industrial products, they provide a number of 

IHD solutions, supporting wireless communication with smart meter 

devices, and been able to display energy and tariff data, as well as receive 

messages and alerts from the utility regarding tariff changes, planned power 

outages and other useful information [51]. 

• Elster IHDs: Elster, a provider of solutions for commercial, industrial, and 

residential heating systems and gas, water, and electricity meters, offer a 

range of IHDs, compliant with published government regulations. 

Functionalities include measurements of electricity and gas energy usage in 

terms of money, kWh and CO2 emissions, message transmission to and 

from the utilities, such as prepayment or event information [36].  

• Atmel IHDs: Atmel Corporation, a manufacturer of microcontrollers and 

touch technology semiconductors, provide a wide range of IHD units, from 

simple wall-mounted LCD displays, to products with TFT displays and 

touchscreens. Consumption information can be transmitted to the IHDs 

through RF and/or PLC communication, while advanced IHD offerings can 
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also integrate consumption advice from energy providers, as well as 

additional functionality regarding home automation [29]. 

• Onnergy Energy App from Netherlands offer a free energy monitoring app. 

It allows both manual and automatic data input from a smart meter, and 

can manage electricity, gas and water consumption. In addition, it provides 

additional functionality, in the form of remote control functionality towards 

other smart devices, such as lights, thermostats, plugs and shutters [62]. 

• British Gas My Energy App provides its customers with a mobile 

application that allows users to track their energy use by day, week, month 

and year, compare energy usage to similar houses and receive 

recommendations on energy cost reductions [30]. 

• Wattics Energy Analytics Web Application: Wattics is an Irish company 

offering an energy management and analysis web-based platform tailored 

for ESCos, energy managers and utilities. It provides a number of features, 

such as budgeting, cost/use reporting, energy price analysis, load 

forecasting, meter tracking and weather normalization. The cost per user 

comes to around 200$ per year [77]. 

• SMAP Energy Smart Meter Analytics Platform and AIswitch: SMAP 

Energy, a British-based start-up, provides two energy analytics applications 

tailored for the energy retailers and consumers respectively. The Smart 

Meter Analytics Platform (SMAP) provides utilities with a number of 

advanced data analytics applications, based on the concentrated 

consumption data of their consumers. In particular, it offers individual and 

aggregated consumer profile analysis, simulations of load shifts to allow 

formulation of appropriate business plans, as well as outlier and anomaly 

detection, which can help identify faulty equipment. On the other side, 

Alswitch implements a recommender system for the end-user. It is a free 

web-based service aimed at analysing individual consumer habits and 

suggesting the most profitable deals [71]. 

• Oracle Energy Analytics Suite: Oracle provides a comprehensive suite of 

energy analytics applications. Among others, the Utilities Analytics platform 

allows location-based analyses of energy events and issues incorporating 

Underpinning additional information, such as real-time weather data. The 

Utilities Network Management System performs predictive load and outage 

profiling, as well as grid optimization. Finally, the Utilities Opower Customer 

Service Interface is tailored towards the end users, which can view detailed 

monthly energy paralleled with weather and billing data [63]. 

• Silver Spring Networks: Silver Spring Analytics, a provider of smart grid 

products, headquartered in USA, offers a list of IoT applications, including 

energy analytics. Their Operations Optimizer software offers monitoring for 

meter data collection, delivery problems and meter safety issues, 

management of AMI deployments and AMI network performance. 

Furthermore, it can aggregate and analyse metering loads across a 
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distribution system in order to identify asset risks and connectivity 

mismatches, support load planning, and estimate technical losses [70]. 

It is important to stress that this list is not exhaustive, but rather suggestive of 

the available technologies in the market. In addition, we have not reported on 

another type of energy-related apps, focusing primarily towards the residential 

user, which provide various functionalities, such as monitoring and 

recommendation, but require manual input of the energy consumption data. For 

this reason, we excluded such services from our analysis. 

Cost: As implied by the extended list of available products, the cost of interfaces 

ranges significantly, based on a number of choices, such as software app vs 

dedicated hardware, data visualization vs data analysis, support and consultancy. 

Free applications for monitoring and simple analysis of energy consumption data 

exist. In-home displays can be acquired with an investment of about 100-200 

Euros [72]. Further services though can incur much higher costs. 

 Technologies For Explicit DR 

While Implicit DR is quickly becoming established in the energy market, not least 

due to the relative ease of installation of the required ICT infrastructure in current 

buildings, the full potential of explicit DR can only be realized by further integration 

of new and updated technologies that will allow reliable aggregation of DR capacity 

and its participation in energy markets. A key requirement, not in place for implicit 

DR, is the need for increased automation, both with respect to data transfer and 

communication, and also management and control of electrical equipment and 

loads.  

An overview of the different technological subsystems, whose interplay forms the 

necessary foundation for the implementation of explicit DR programs is shown in 

Figure 9. The Home/Building Energy Management System (HEMS/BEMS) 

constitutes the decision control centre and gateway between the building and 

outside world. It controls the main subsystems that can offer DR flexibility, namely 

Heating, Ventilation and Air-conditioning (HVAC), Lighting, Energy Storage, 

Generation and Electric Vehicles (EVs). In the following, we describe these 

subsystems from the perspective of the utilized ICT technologies, and further 

present specific solutions currently available in the market.  
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Figure 9. Explicit DR enabling technologies [60] 

 

5.2.1 Building Energy Management System 

Energy management systems have as their objective the maximization of energy 

efficiency in a building, alongside minimizing electricity costs for the consumer, by 

making clever use of the energy resources and loads available in a building. This 

key role necessitates the establishment of bi-directional communication to the 

other building equipment, for energy data collection and control. 

With the advent of DR though, the management systems are now required to 

support further interaction with external sources of information, for example 

energy suppliers and aggregators, and enable new functionalities such as load 

aggregation and critical DR event handling [52]. At the same time, the systems 

must always respect the comfort levels and control constrains imposed on them. 

Figure 10 illustrates this intricate interconnection of BEMS with other entities in 
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the energy network [41]. Indicatively, a complete BEMS installation, including IoT-

based controls and monitoring to a building (~700 square meter) can cost around 

$5000. Further, additional operation and maintenance fees may apply and should 

range between 15% - 20% of the annual revenues. 

 

Figure 10. The role of HEMS/BEMS in explicit Demand Response [41] 

 

5.2.2 Heating, Ventilation and Air Conditioning 

Heating, ventilation and Air-Conditioning (HVAC) accounts for almost half of EU’s 

energy consumption. In the industry in particular, based on recent reports by the 

European Commission, 70.6% of energy consumption was used for space and 

industrial process heating, 26.7% for lighting and electrical processes, such as 

machine motors, and 2.7% for cooling. In residential buildings, heating and hot 

water accounted for 79% of total final energy use. Cooling remained a fairly small 

share of total final energy use, but demand is subsequently rising during the 

summer months [35]. It becomes clear that load control of HVAC systems can 

offer significant benefits both in terms of energy efficiency, as well as DR, which 

can be achieved by intelligent gathering of information and control of energy 

usage.  

It is important to notice that load flexibility can be created both by direct control 

over the appliances, as well as virtual energy storage methods. Pre-heating or pre-

cooling buildings during off-peak hours (at night or in the morning) can provide 

cost savings, as well as reduced on-peak energy and demand charges. 

Smart Thermostats (residential buildings) - The main component of an HVAC 

system that exposes DR control functionalities to the user and the utilities is the 
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thermostat, which is responsible for the operation of thermostatically controlled 

loads, such as boilers, heat pumps, refrigerators and air conditioners. Smart 

thermostats offer automated operation of the various loads according to 

predefined or learnt comfort levels, as well as communication and information 

exchange with the advanced metering infrastructure and the building management 

system. 

Ventilation Systems - Air-conditioning elements are most commonly aimed at 

providing cooling for the internal area of a building, although the term can in 

general encompass all conditioning actions; heating, cooling, (de-)humidification, 

cleaning and ventilation. The operating principle behind the cooling process is the 

refrigeration cycle, during which heat is transported from a colder location to a 

hotter area through a closed compressor-powered system, by means of a 

refrigerant substance. Flexibility control can be applied on air-conditioners either 

through a smart thermostat of even directly through the energy management 

system. 

Air-conditioning Systems - Air-conditioning elements are most commonly 

aimed at providing cooling for the internal area of a building, although the term 

can in general encompass all conditioning actions; heating, cooling, (de-

)humidification, cleaning and ventilation. The operating principle behind the 

cooling process is the refrigeration cycle, during which heat is transported from a 

colder location to a hotter area through a closed compressor-powered system, by 

means of a refrigerant substance. Flexibility control can be applied on air-

conditioners either through a smart thermostat of even directly through the energy 

management system. 

Heating Systems - Heating elements generate warmth for the building. They 

make use for various types of fuel as their energy sources, but also electricity. 

Electric heating can be achieved either through electric heaters, devices that 

convert electric current to heat by means of a heating element (electrical 

resistance), or heat pumps, appliances that transfer heat from a colder to a warmer 

place by means of a refrigeration cycle. Heat pumps are similar to traditional air-

conditioners, since they operate on exactly the same principle, but allow both 

heating and cooling through reversing the flow of the refrigerant. Heat pumps offer 

a high efficiency, compared to traditional electric heaters. 

Examples of Commercially Available Solutions 

Reported commercial solutions are limited to the case of smart thermostats, since 

these are the main DR enabling devices for HVAC, along with the communication 

infrastructure. 

• Google Nest: Google is offering a smart thermostat called Nest, which is a 

programmable and self-learning Wi-Fi-enabled thermostat, targeted for 
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residential buildings and small businesses. A key feature of Nest thermostat 

if the incorporation of a machine learning algorithm, which learns people's 

schedule, at which temperature they are used to and when. Based on this 

learning process and the input from sensors, as well as other smart devices, 

such as phones' locations, it can alter its operational mode. Apart from Wi-

Fi connectivity, Nest has a built-in 802.15.4 radio element, which though 

uses a proprietary communication protocol [61]. In the US, EnergyHub, a 

provider of connected device management for utilities, has incorporated 

Nest’s Rush Hour Rewards program to its DR portfolio. The Rush Hour 

Rewards program offers incentives to the end users to allow management 

of the thermostat’s temperature through DR events, in order to maximize 

the load reduction while still keeping customers comfortable [38].  

• Honeywell Commercial Thermostats: Honeywell makes a range of 

thermostats and some of them – e.g. Lyric thermostat - are specialized for 

receiving of DR signals and executing them. Their commercial offerings 

allow connectivity with and control of up to 24 HVAC appliances [43]. 

• Siemens SED2 Variable Frequency Drives: The Siemens SED2 device is 

an example of a fan speed controller that can be integrated into ventilation 

systems, in order to allow control over the consumed load, and consequently 

enable fine-grained flexibility. The SED2 supports communication with the 

energy management system through a number of protocols, including 

building automation system protocols for easy network integration Modbus 

RTU and BACnet [69]. 

Cost: The cost of smart thermostats per device has become more reasonable with 

the years, and should fall within the range of 150-400 Euros per device [72]. 

5.2.3 Lighting Systems 

Lighting is a major part of energy consumption in buildings, closely following the 

yearly energy consumption to HVAC systems [78]. Commercial and office 

buildings, in particular, have more lighted floorspace than any building type and 

use more electricity for lighting. Consequently, lighting systems constitute an 

important component for the dynamic load management service. A lighting system 

comprises of light sources, lighting controllers, which control the power 

consumption of individual luminaires, sensors (e.g. occupancy sensor, daylight 

sensor) that provide information used to adjust the dimming levels and 

communication infrastructure, to enable information exchange between the 

management system, the controllers and the sensors [46]. 

Lighting can play a passive and active role in DR. The passive role involves 

optimizing energy consumption using appropriate technology and design, turning 

off or reducing loads when not in use, manual and automatic dimming, and 

institutional task tuning. These provide the end-user an economic profit regardless 
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of peak demand. To take full advantage of the DR potential, lighting systems must 

expose further functionality and integrate components allowing remote load 

measurement and control. In addition, to optimize their effectiveness, it is 

important that the lighting controls can prioritize the sequence of operations and 

identify least to most invasive spaces and areas that shouldn’t participate at all, 

as well as take advantage of dimming technologies as opposed to simply on/off 

strategies. In all of the above, the prerequisite remains that either directly or 

indirectly, the lighting system should be able to connect to a central gateway to 

receive the demand response signal. 

Lighting systems require additional information to react appropriately to the 

demand response commands. This additional input can be divided into two 

categories: inputs from people and inputs from devices, usually sensors [67]. The 

first category of input is from people causing a change in the system due to comfort 

or conservation concerns. The second category is a sensor, which detects changes 

in the environment. Primary examples are motion, occupancy and daylight data.  

The dataflow can go directly from the sensory instruments to the lighting 

controllers, or it can pass through the management system, where it is utilized for 

the control of further DR-enabling appliances, such as heating and ventilation 

systems. Whether the input is a person or a sensor, there must be some user 

interface between the input and the lighting system. This interface usually takes 

the form of a manual or automatic switch, a remote control, a lighting panel-board 

or a computer [67]. 

Lighting systems with enabled automation control functionalities are comprised in 

general by a number of components, which will be described below: 

Lighting system management systems are the central element of the lighting 

installation. Their main purpose is monitor lighting fixtures and the other parts of 

the systems, and manage their activities based on user operational preferences 

and energy-related events. These systems may work independently or under 

guidance from the building management system.  

User control interfaces and switches allow the consumer to define preferred 

settings, operate manually and override the automated system at will.  

Switching and dimming controllers are responsible for accepting signals from 

the management system or the user interfaces and provide on/off or dimming 

control for a small number of lighting loads. Such controllers may also provide di-

directional communication, offering back information on energy consumption and 

usage profiles. 

Sensors are important components of the system, predominantly related to 

occupancy and luminance, which provide the system with necessary information 
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for its operation. Details on the various sensors are provided in a subsequent 

section. 

Examples of Commercially Available Solutions 

A number of complete commercial solutions for lighting are available in the market, 

including Phillips, Osram or EsyLux. Two other examples: 

• Exergy Lighting System offer a number of components for the creation of 

an automated lighting system. The XRG-1000 networkable control system 

allows management of interior and exterior lighting systems using both 

wired and wireless communications. Through the use of common protocols, 

such as Open ADR, XRG-1000 also provides the ability to communicate and 

coordinate its actions with the building energy management system. 

Exergy’s 502 and 600 switching controllers provide wireless and wired 

independent on/ off control respectively of one or two lighting loads and 

dimming control via one or two isolated 0-10V interfaces. The wireless 

ZigBee (with 128-bit AES encryption) and wired DALI specification 

standards are used for communication to and from the lighting control 

centre. The controllers additionally provide inputs for luminance or photo 

sensors, such as the XRG-300 and XRG-410 components. Finally, the 

company offers wired user control interfaces, e.g. the XRG-250, which 

provides a 5-button user interface, where each switch can be programmed 

via software assignment over the system’s network [39]. 

• Leviton Lighting System: Leviton offers lighting systems based on their 

two lighting and energy management controllers, Lumina and Lumina Pro, 

tailored for residential and small-business, with the maximum number of 

controllable loads being 64 and 256 respectively. Communication includes 

both wired and wireless options, and control of wireless ZigBee and Z-Wave 

devices is allowed. Dimmers, switches and combination controllers, such as 

their Vizia RF+ 4-Button Zone Controller, incorporate wireless 

communication to the main controller using the Z-Wave protocol. Finally, 

the company offers both illuminance sensor and PIR occupancy sensors 

[54]. 

Cost: As indication of the costs related to the lighting system, Leviton’s Lumina 

controllers cost around 800-1000 dollars, but they offer additional energy 

management capabilities. Further hardware, such as controllable dimmers and 

switches can range between 30-100 Euros per device. 

5.2.4 Storage 

Energy storage presents a potentially important source of load flexibility, useful 

for DR programs. Energy storage technologies can be connected at the grid in 

different levels. In the transmission network, storage resources can be used as 
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alternatives to standby generators’ start-ups/shutdowns necessitated for 

frequency regulation. Storage can take the form of fly wheels, compressed air 

energy storage, batteries, and pumped-hydro storage, among others.  

Batteries - In this report, we are predominantly interested in customer-sited 

electric energy storage, i.e. batteries, which can be used for profiling optimization 

of energy usage, as well as integration of distributed energy resources. Batteries 

discussed in this report are secondary (rechargeable) batteries, and store energy 

chemically. Different types of batteries exist, with varied technical characteristics 

and performance per technology. Some of the main technologies are reported 

here. Lead-acid batteries are already deployed extensively to support renewables 

deployment. Recent versions are reported to achieve about 3000 life cycles at a 

50% depth of discharge and ensure a service life up to 17 years for industrial 

systems. Molten salt batteries, similar to lead-acid batteries, have a limited cycle 

life. They have an energy density of around 60 Wh/kg, a life of 1500-3000 cycles, 

and high operation temperature (>300o). Lithium-ion batteries have a high-energy 

density and are also very efficient, around 80-90%. Their high power and energy 

density mean they are ideal for frequency regulation and other applications 

requiring relatively short discharge and high power performance. The latter type 

is most commonly found in battery storage products [49]. 

Thermal Energy Storage - In addition, another form of end-user energy storage, 

which can be of significant importance for DR, is Thermal Energy Storage (TES). 

TES incorporates technologies that allow excess thermal energy to be collected for 

later use. Thermal energy storage options can be cheaper than other forms of 

storage, since it is more difficult to reverse heat storage back to electricity [48]. 

Typically, electric energy converted to a thermal medium is used at another time 

as thermal energy, either for space heating, cooling or in industrial processes [33].   

TES systems can be installed as either centralised plants or distributed devices. 

Centralised plants are designed to store waste heat from large industrial processes, 

conventional power plants, combined heat and power plants and from renewable 

power plants. Their power capacity ranges typically from hundreds of kW to several 

MW. Distributed devices are usually buffered storage systems which accumulate 

solar heat to be used for domestic and commercial buildings (e.g. hot water, 

heating, appliances). Distributed systems are mostly in the range of a few to tens 

of kW [48],[65]. 

TES solutions can be generally classified into one of three types: 

• Sensible thermal storage systems: In sensible storage appliances, heat is 

stored in a material without changing its phase. Storage capacity is reported 

to be between 25-90 kWh/m3. 
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• Phase Change Material (PCM)-based systems: Compared to Sensible 

storage, PCM enables higher storage capacities (e.g. in the order of 100 

kWh/m3 for ice-based systems). 

• Thermo-Chemical Storage Systems: High energy density (i.e. 300 kWh/m3) 

storage systems can be achieved using Thermo-Chemical Storage reactions, 

such as adsorption. TCS systems are still under development. 

Examples of Commercially Available Solutions 

• Tesla Powerwall and Powerpack: rechargeable lithium-ion battery 

storage products manufactured by the Tesla company. With capacities of 

13.5 and 200 KWh, they are tailored for residential and 

commercial/industrial use respectively, with costs of around 400$/KWh. The 

batteries are optimized for daily cycling, such as for load shifting, with an 

estimated life of 5,000 cycles [75],[76]. Similar products have been 

introduced by other companies as well, such as General Electrics, LG and 

Sonnen [40],[56],[73]. 

• Phase Change Material Products: A large number of companies offer 

PCM-based solutions (raw materials) [42],[50],[64],[68],[74]. 

Cost: Battery storage is still costly, although prices are quickly becoming more 

affordable.  Indicatively, the cost for Tesla’s Powerwall and Powerpack batteries 

was estimated to be around 400 dollars per kWh in 2016. TES systems for sensible 

heat are relatively low cost units. A survey from 2013 reported that many sensible 

storage systems had energy content between 70-90 kWh/m3 and investment costs 

between 0.5-3.0 Euro per kWh. PCM and TCS systems are significantly more 

complex and expensive. In the same survey, the cost of a PCM system was 

reported to range between 10-50 Euro per kWh, while TCS between 8-100 Euro 

per kWh [48]. 

5.2.5 Generation 

As stated previously, distributed energy resources play a significant role in DR. 

Apart from renewable solutions, flexibility can be offered by more dependable 

solutions such as the following. 

Combined Heat and Power Systems - Modern Combined Heat and Power (CHP) 

systems, also called cogeneration units. In general, CHP it termed any energy 

system that simultaneously generates power and useful heat. It is a more efficient 

use of fuel resources than traditional generators. In cogeneration, heat created 

during electricity generation, instead of being wasted in the environment, is stored 

or utilized heating purposes. Due to the fact that heat transfer losses are significant 

over long distances, CHP is most efficient when heat can be used on the place of 

generation. To this effect, Micro-CHP systems, with capacities in the range of KWs, 

are gaining popularity in the DER market. Apart from their increased efficiency, 
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with respect to current heating systems, their on-demand availability is desirable 

for DR purposes [44]. 

Fuel Generators - Apart from CHP, traditional backup generators have also been 

utilized as DR resources. Consumers can participate in programs where they allow 

utilities to make use of their emergency backup generators to temporarily offload 

their energy usage from the grid during emergency DR events. The availability of 

backup generators enables large organizations to participate in emergency DR 

without disrupting normal operations, while also taking pressure off the grid and 

acting as a last resort to prevent blackouts. It must be noted though that stricter 

rules are being or expected to be imposed in the use of fuel generators for these 

purposes, due to energy efficiency and environmental factors, see for example 

[34]. 

Examples of Commercially Available Solutions 

We limit the reported examples here to CHP units, which are more attractive for 

combined EE/DR programs. 

• 2G Energy, from Germany, specializes in cogeneration systems for 

natural and biogas in the 50 to 2,000 kW power range, with combined 

heat and electricity energy efficiency reported up to 90%. Applications 

range from residential to commercial and public buildings [1]. 

• MTT is developing micro turbines up to 30 kW electrical power for CHP and 

other applications. The use of a recuperator, in tandem with the gas turbine, 

results in a claimed 16-25% higher electrical efficiency. Ready generators 

operate with natural gas, although development of a clean combustor for 

liquid fuels, such as diesel, that will comply with future emission 

requirements is reportedly ongoing [58]. 

Cost: Installation cost of CHP systems varies significantly, based on the system’s 

capacity, and the technology used. Prices are reported to range from 650 up to 

6500 dollars per kW. 

5.2.6 Supportive Technologies 

So far, we have described an array of information and technology solutions for the 

realization of flexible demand in electricity capacity. It is of paramount importance 

though, when discussing and implementing such programs, to take into 

consideration the preferences and comfort requirements, as set by the end user. 

Occupancy information, which can be extended both to the occupants’ number and 

identity, environmental conditions, activity, time of day, are, among others, factors 

that can affect dramatically the limits of acceptance for exterior control over loads, 

and need to be taken into consideration by the energy management system. To 

this end, the automated gathering of information pertaining such variables can be 

crucial for DR. In the following, we present the different types of supportive sensor 
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technologies, with which DR programs can offer human-centric services and gain 

wider acceptance from the consumers.  

Occupancy Sensors are devices that detect presence or absence in an area. This 

information can then be sent to building controllers which turn lights and other 

equipment on or off based on whether or not the space is occupied. This action 

can present significant energy savings, especially in commercial buildings. 

Technologies that are commonly used for manufacturing occupancy sensors 

include Passive Infrared (PIR), ultrasonic, and microwave. In addition, cameras, 

as well as environmental sensors, measuring temperature, CO2 or even humidity 

could also be used for this purpose [59].  

PIR sensors work by detecting heat movement. A pyroelectric element inside the 

device is calibrated to detect infrared radiation by human body movement. One 

important aspect of PIR sensors is that they are passive energy component, 

meaning that they do not emit energy to detect movement. Therefore, during idle 

operations when there is a minimal movement, these sensors are highly efficient. 

Ultrasonic sensors send high frequency sound waves in the area and check for 

their reflected patterns. If these are changing continuously then occupancy is 

assumed. They are highly precise, since even small movements can be detected. 

This attribute though can also result in issues of false activation or unwanted 

triggering of the sensor, as the detection range may extend into adjacent spaces. 

Furthermore, any random movement of other systems, like airflow could trigger 

them. Microwave sensors are similar to ultrasonic ones, since they are also based 

on the Doppler shift principle, but instead of high frequency sound waves, they 

transmit electromagnetic signals. Both previous types are active components and 

require a constant and continuous supply of electrical energy. Video feed from a 

camera can also be used for occupation detection, as well as more elaborate 

functions, including surveillance and identification. Cost of installation is higher, so 

consideration must be given here, on whether the additional features provided by 

this option are needed or not for the applications at hand. 

CO2 and Volatile Organic Compound (VOC) sensors can be used to monitor 

the quality of air in a room, and inform the HVAC and management system of the 

need for fresh air. Energy is saved when pollutant loads are low and ventilation 

can be reduced, which may occur during or after occupied hours. These types of 

sensor instruments can also provide information on the number of occupants in a 

room, as well as help detect problems in the ventilation system. 

Temperature Sensors - Radiant building and room temperature play the 

prominent role in human thermal comfort. In DR programs, the user should be 

able to provide acceptable temperature limits, which the energy management 

system guarantees to satisfy at all times. For this purpose, temperature sensors 

must be integrated into the ICT infrastructure.  
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Humidity Sensors - Humidity is defined as the presence of water in air. The water 

vapour content or humidity can affect the occupant comfort, or even electrical 

devices and equipment. Thus, humidity monitoring is important both in 

commercial, as well as in residential spaces.  

Luminance Sensors detect the intensity of the ambient light on its surrounding 

region. For the purposes of energy management, illumination information both 

within and outside the building area can be used to automate the luminosity in the 

lighting system. 

Examples of Commercially Available Solutions 

Most companies offering complete energy management solutions, also provide an 

array of suitable sensors. For example, Eaton, offers sensors combining PIR and 

ultrasonic technologies, to help eliminate false activations or deactivations [34], 

while Leviton provides PIR-based sensors with built-in solar cells that draw on 

available ambient light to power themselves, and cameras with Wi-Fi connectivity, 

which also provide the ability to view live footage remotely [53],[55].  

Cost: The cost is comparable between the different types of sensors and ranges 

between 15 to 100 Euros per device. 

 Latest Innovation Trends and Emerging Technologies 

This section summarizes the latest advances in areas relevant to HOLISDER. While 

the previous section provided a broad overview of the current technology 

landscape, here the focus is more on innovative applications (multi-energy 

demand response, human-centric energy management, virtual energy storage), 

emerging technologies (blockchain) and relevant European projects 

addressing new pilots, business models, and interoperability platforms. 

5.3.1 Multi-Energy Demand Response 

A variety of business models are emerging around the globe to support activation 

of flexibility. This involves end-users (prosumers) but also the establishment of 

new stakeholders involved in the flexibility markets (Distribution System Operators 

primarily, retailers, aggregators, etc.). This topic is being actively pursued in 

pilots: a couple of examples from the recent period follows.  

Integrated Demand Response (IDR) concept is described in [79] which is 

focusing on demand response schemes implemented in multi-energy systems 

called smart energy hubs. By integrating electricity, thermal energy, natural gas 

and other forms of energy, the smart energy hub makes it possible for energy 

users to flexibly switch the source of consumed energy. With the complementarity 

of MESs, even the inelastic loads can actively participate in DR programs, which 
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fully exploits the interaction capability of DR resources while maintaining the 

consumers’ comfort.  

Smart Multi-Energy Hub and its operation and optimization is documented in 

[80]. The case study system network includes integrated solar photovoltaic and 

thermal power generation units and natural gas combined heat and power unit 

systems. A demand response-dynamic economic emission optimization model 

allows for a comparison of energy hub control strategies including the evaluation 

of economic and environmental criteria and power import between energy hubs. 

The results show a significant reduction of more than 50% in both the total 

generation cost and amount of emission.  

Industrial Integrated Systems with CCHP (combined cooling heating and 

power) as a generation source of heating and cooling energy is studied in [81]. 

Based on the traditional electrical demand response (DR) mechanism, the demand 

for electricity, heating and cooling is incorporated in the scope of generalized 

demand side resources. Considering the difference on price, demand and supply 

characteristics of multiple energy resources, the multi-energy-based DR scheme 

and the corresponding optimization model are established to minimize dispatching 

expenses and improve the interaction between electricity companies, CCHP and 

industrial consumers. 

Multi-Energy Micro-Grids have been investigated in [82]. The optimal operation 

of a solar unit, a storage battery and combined cooling, heating and power is 

studied via an economic optimization model, which represents an optimization 

strategy for the economic operation of a microgrid considering demand response 

programs in different scenarios, and it is intended for the targets of minimizing the 

operating cost of the microgrid and maximizing the efficiency of renewable energy 

utilization. 

5.3.2 Human-Centric Energy Management 

Individual human beings play increasingly important roles in energy management 

tasks and Human-Centric Energy Management is one of the main innovation 

aspects targeted by the HOLISDER consortium. Apart from communicating mere 

energy and price data to consumers, the emphasis should be on the definition of 

detailed and accurate demand flexibility profiles, considering identified energy 

behaviour patterns, comfort preferences, indoor quality constraints and elasticity 

to varying energy prices.  

One example of a successful human-centric energy management solution is the 

Comfy App introduced by Building Robotics. Over the past five years, Building 

Robotics has built up a sizable user base for its app — a smartphone interface that 

lets office workers complain when it’s too hot or too cold, or too bright or too dark, 

along with a software platform that can actually adjust HVAC and lighting settings 



 

D8.3 HOLISDER Market Report First Version 

  

 

56 
 

appropriately. In June 2018 this California start-up was bought by Siemens [83], 

which only proves the importance of comfort in the workplace environment. 

5.3.3 Virtual Energy Storage 

Virtual Energy Storage is used to accomplish standard goals, such as heating, with 

renewable energy instead of fossil fuels. For instance, a buffer tank of water can 

be charged with a solar thermal system during the afternoon when heating is not 

typically needed, and store the heat for use at night and early morning. 

The initial approach introduced by the research community to achieve this optimal 

balancing between intermittent supply, thermal loads utilization and virtual energy 

storage, is the use of optimized phase change material (PCM) wallboards for 

building use and PCM-based passive latent heat thermal energy storage 

systems. But the recent research efforts mostly spin around the development of 

active virtual energy storage systems in buildings for pre-cooling/ pre-heating 

a building space to take advantage of the building’s thermal inertia to shift in time 

the electrical energy request from the grid, thus avoiding peaks in demand. A 

couple of examples of recent developments. 

Thermal energy storage in district heating was studied in [84] and two earlier 

theses [85] and [86] to understand heat load variations, comparing storage using 

a hot water tank and the thermal inertia of buildings (with similar storage 

capacity). A detailed techno-economic optimisation model is applied to the district 

heating system of Göteborg, Sweden, with the following conclusions: 

• Both storage types reduce the imbalance between the heat load and supply. 

• Hot water tank stores twice the amount of heat as thermal inertia of 

buildings. 

• Only hot water tank can store heat for periods longer than 48 h. 

5.3.4 Blockchain 

Blockchain is one of the emerging technologies that is currently at the top of its 

hype curve [97]. Blockchain is an immutable distributed ledger that verifies and 

records peer-to-peer transactions without a central authority. It promises more 

efficient transactions with lower costs based on disintermediation of identity 

verification.  

There are many promising opportunities for applications of blockchain, including 

energy sector where the count of blockchain start-ups reached the number of 122 

in March 2018, which means a new company starting just about every week [98]. 

This is a sign that blockchain is being taken seriously by energy companies. There 

are more than 70 demonstration projects deployed or planned around the world in 

the electricity industry. 
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Utilities are also considering direct investments in blockchain companies as they 

experiment with use cases for transactive energy, customer billing, data collection 

and distributed resource management. Centrica, RWE, Innogy and Tepco have 

made investments in blockchain startups within the last year [98]. Many others 

are working with consortia like the Energy Web Foundation. 

The main uses case for blockchain in energy includes the “transactive energy” 

where companies are using blockchain to verify and execute peer-to-peer 

transactions more rapidly. This all relates to application scenarios in demand 

response, EV charging, or turning on and off distributed resources for grid services. 

The other use cases include accounting and billing, asset tokenization, and 

security. 

Blockchain can potentially empower individuals to sell or transact the electricity 

they generate [99]. For instance, owner of a residential house who has solar PV, 

battery storage, and perhaps an electric vehicle, a smart thermostat, and a grid-

interactive electric water heater as well, an energy blockchain might help in several 

ways.  

• It can help the owner to get paid by the utility for providing grid balancing 

services with smart energy devices  

• It can support creation of a self-sufficient district to trade clean energy 

among neighbours  

• Also a blockchain-based solution can automatically procure renewable 

energy certificates matched to your home’s electricity consumption. 

But despite its promising first steps, blockchain for the energy sector still has a 

long way to go. The technology is very much in the “infant” stage. Additionally, 

there is not currently a regulatory framework to support the type of peer-to-peer 

trading that blockchain could enable. Finally, there needs to be far more producers 

of energy, such as solar homeowners, in order to make the electricity grid systems 

truly transactive. 

A couple of examples of recent pilots and innovation projects related to blockchain: 

Blockchain as an accounting tool [100] - Leap, a California-based start-up, 

won a contract to deliver 90MW of commercial-industrial load reduction capacity 

under the Demand Response program, split evenly between Southern California 

Edison and Pacific Gas & Electric utilities. Leap built a platform that matches and 

executes electricity trades in real time and verifies the reduction through smart 

meters. The platform was built to explicitly support blockchain as an accounting 

tool. 

Micro-energy hedging for commercial consumers [101] - U.S. energy retailer 

Direct Energy has launched a new offering with blockchain startup LO3 Energy that 
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represents one of the first known uses of blockchain in real-world energy markets. 

The offering, called “micro-energy hedging," offers commercial and industrial 

customers in Texas the opportunity to design and submit orders for energy hedges 

in increments as short as an hour. That’s much more fine-grained than the daily, 

weekly or monthly product now available and it will all be automated on LO3’s 

Exergy platform. 

Blockchain for Virtual Power Plants [102] - UK blockchain startup Solo Energy 

revealed its first energy supplier partnership, with non-profit electricity and gas 

supplier Our Power. This partnership will enable to test a relatively novel concept 

pushed by Solo: using blockchain to create a virtual power plant based on 

distributed energy storage systems. The company aims to use a platform called 

FlexiGrid to aggregate residential and electric vehicle batteries, then use their 

spare capacity for peer-to-peer energy trading. 

Decentralized Management of Demand Response [103] – An academic team 

performed early exploration of the use of decentralized blockchain mechanisms for 

delivering transparent, secure, reliable, and timely energy flexibility, under the 

form of adaptation of energy demand profiles of distributed energy prosumers to 

all the stakeholders involved in the flexibility markets (Distribution System 

Operators primarily, retailers, aggregators, etc.). The new mechanisms were 

analysed and successfully validated on a simulated case study. 

Figure 11 provides an infographic view on all possible applications and respective 

blockchain projects [104].  
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Figure 11. Blockchain projects in the electricity sector [104] 
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 Relevant European Projects 

There is a large variety of EU-funded research and innovation projects in areas 

related to HOLISDER. Many of them have been organized in larger initiatives, such 

as the BRIDGE Cooperation group of Smart Grids and Energy Storage H2020 

projects. In this section we highlight only some of them that are either starting 

some interesting pilots, or provide potential for re-use of their results within 

HOLISDER. 

5.4.1 Demand Response Pilots 

Two interesting demand response pilots are running in Netherlands 

EnergieKoplopers project [105] has entered next stage of piloting of a smart 

energy trial in Heerhugowaard. The pilot is implemented with support of Dutch 

DSO Alliander and involves about 140 households. Roughly a quarter of the 

participating households have DER devices at their premises that are being used 

to balance supply and demand in the area. A smart appliance was installed in the 

homes of residents who are participating in the field trial. It communicates 

independently on-line with the smart energy system and the smart meter. The 

smart energy system balances the likely energy supply with the likely energy 

demand by turning the appliance on or off when required.  

The resident doesn’t have to do anything: everything is done by the system. 

Participants are given a personal web environment showing them their levels of 

energy consumption and generation, and the energy flows to, from and within their 

homes. They can also use the web environment to adjust their smart thermostat. 

All this makes it easy for us all to become more sustainable together.  

The major value of this pilot is that it demonstrates an integrated value chain 

spanning from aggregator to consumer.  

Vandebron [106] is actually a small green energy company based in Amsterdam. 

It delivers green electricity and regular gas to residential and commercial 

customers. The company does not produce any energy itself, but instead sells 

energy generated by independent energy producers. The electricity is generated 

from wind, solar and biomass, and most of the producers are located on farms or 

are larger wind parks.  

The energy trading mechanism works as follows. Energy producers set their own 

prices, and customers of Vandebron choose which producer they wish to be 

supplied by. Customers also choose which compensation project they wish to 

support with their gas usage, from a selection of five compensation projects 

throughout the developing world. 
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The interesting aspect is that agricultural SME's as well as the end-

consumers become active energy market players. The Vandebron service 

empowers customers to pick and choose their provider, thereby become 

sponsors of energy generated in a decentralised manner. 

5.4.2 New Business Models 

In today’s dynamic energy market it is essential to correctly assess the 

performance and the expected benefits of new business models. For that reason, 

many European projects are developing new tools for the evaluation of the 

profitability of new business models. According to the BRIDGE initiative [87], three 

main business models tools have been introduced to support the work of its 

Business Model working group: 

NOBEL GRID [88]: The NOBEL GRID Business Model Evaluation tool (that will be 

further improved in the WiseGRID project [89]) is a “what-if” scenario tool for the 

techno-economic evaluation of innovative smart grid and energy efficiency 

technologies and associated business models. 

Technofi tool [90]: This product aims to calculate Key Performance Indicators 

(KPIs) to shape the socio-economic impacts of use cases/business models of smart 

grids and energy storage solutions. Two BRIDGE projects – NAIADES [91] and 

REAL VALUE [92] – have tested this solution and provided relevant outcomes. As 

an example, the NAIADES project reflected that the tool would fit the parameters, 

function and characteristics of the batteries deployed in the project after studying 

a specific use case aiming at assessing the different costs (i.e. installation) of the 

batteries used in the NAIADES project compared with those already 

commercialised by different companies. One of the main recommendation raised 

by the project is related to the possibility for the tool to provide different charging 

and discharging hours for the batteries. 

inteGRIDy [93]: The tool developed within this project aims at helping the 

business modelling for future cities and technologies. Easier developing of new 

business and services to create value for distribution domain stakeholders and end 

users/prosumers in an emerging electricity market will be possible thanks to this 

tool. 

5.4.3 Interoperability Platforms 

One of the analyses conducted by the BRIDGE initiative [87] came to a conclusion 

that solutions addressing interoperability in the field of energy are required to 

increase the exchange of information between different devices and systems, and 

between equipment from different manufacturers and companies. A common 

format for data exchange could facilitate interoperability, promote competition and 

address cost mechanisms for accessing data. Nevertheless, the replacement of 
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national format and upgrading of existing systems could be very costly so a set of 

common guidelines have to be also considered. Moreover, the process is not 

straightforward and requires the involvement of industrial players, standardization 

bodies and regulators. 

Data accessibility (also to third parties based on interoperable systems with non-

discriminatory access) is key to overcome the limited forwarding of data and 

information to different energy market players. This can foster data exchange and 

allow the development of new services [88]. 

A couple of ICT platforms have been developed and tested in European projects to 

accelerate data exchange and to ensure a simple but secure procedure to grant 

customers consent. WiseGRID and AnyPlace are two relevant representatives. 

 

 

Figure 12. WiseGRID InterOperable concept [89] 

 

WiseGRID 

The WiseGRID project [89], is developing the WiseGRID Interoperable Platform 

(WG IOP) in order to address the interoperability issues. The objective of this 

platform is to manage and process the heterogeneous and massive data stream 
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coming from the distributed energy infrastructure deployed. This platform should 

enable new services and reduce ICT costs for prosumers and smaller players, 

whilst it will facilitate cross-network and cross-entity interoperability.  

Inside WiseGRID project, WG IOP (InterOperable Platform) will enable the 

cooperation and synergies among the different actors targeted by the different 

WiseGRID technological solutions (prosumers, DSOs, ESCOS, aggregators, 

Charging Point Operators and others). It facilitates complex coordination among 

devices (installations) connected to the distribution grid, offering the key enabling 

tool that allows application of advanced methods for distribution grid management 

while exploiting to the highest degree the capabilities offered by the various types 

of resources (generating capacities) connected to the distribution grid. 

 

 

Figure 13. AnyPlace platform [94] 
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Consequently, the WG IOP has to handle several communications among the 

different WiseGRID technological solutions and at the same time has to manage 

several vertical communication flows with different types of devices like batteries, 

PVs, EVSEs. For this reason, the WG IOP includes also modules capable to wrap 

messages coming from different field devices from their internal data model into a 

common standard data model, such as CIM format. 

AnyPlace 

Another European project addressing interoperability is AnyPlace [94]. This project 

has developed a modular energy management system capable of monitoring and 

controlling local devices according to the preferences of end-users. The 

architecture and the overall approach is provided in in Figure 13. 
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6 Conclusions 

The first version of HOLISDER market report has focused on a review of the current 

status of Demand Response in Europe, analysis of other innovative forms of 

Demand Response, and identification of potentially disruptive technologies. 

 Demand Response market in Europe 

European energy policy has three main pillars: sustainability and decarbonisation 

of energy production and consumption, security of energy supply, and competitive 

energy market resulting in affordable energy supply for end-users. The EU 

electricity market was progressively liberalised starting in the late 90’s, however, 

with respect to Demand Response, significant barriers still remain to establish 

consumer-centred DR services. The situation differs for both forms of DR – explicit 

and implicit – and generally, the explicit DR is more difficult to implement and 

requires more efforts on further harmonization of EU regulatory framework. The 

following aspects are commonly understood as the key focus areas: 

• EU regulatory framework requires further improvements to overcome 

existing fragmentation and accelerate the promotion of Demand Response 

across all Member States. 

• Consumer access to Demand Response services remains restricted, which 

has negative impact on the effective functioning of the market. The major 

change is required to enable the role of independent Demand Response 

aggregators.  

• The wholesale market must be further opened to demand-side resources. 

Currently the framework allows only for BRPs or retailers to aggregate and 

sell flexibility on the wholesale market. 

• Local System Services are not yet commercially tradeable in European 

countries, which means that incentive structures for Distribution System 

Operators in Europe do not yet encourage the use of market-based flexibility 

resources. 

Given these challenges, it is important for the success of HOLISDER consortium to 

find the right balance between implicit and explicit DR scenarios and then also 

appropriately prioritize which Member States and regions should be considered for 

introduction of the new HOLISDER concepts and business models. 

 Innovative forms of Demand Response 

A variety of new business models are emerging around the globe to support 

activation of flexibility. Traditional focus on electricity grids and markets is being 
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complemented by considering other energy carriers: heating, cooling, and gas 

networks. 

This involves implementation of Demand Response in various multi-energy 

systems including energy hubs, micro-grids, as well as various forms of integrated 

systems with local renewable generation, storage, combined cooling heating and 

power and other components.  

Independently of this, several developments are worth of noting in the area of gas 

demand response. A key area of opportunity for natural gas DR lies in alleviating 

pipeline capacity constraints during periods of peak usage, which are typical spikes 

in demand driven by extreme weather or logistical issues. But anyway DR in the 

natural gas sector has been less prevalent than DR in the electricity industry due 

to the lack of clear market signals that otherwise would enable market participants 

to put a price on deferred natural gas consumption.  

However, recently there has been an increased interest in the practice. There are 

several utilities currently running innovative natural gas DR programs to 

discern the value of it alleviating system constraints. Since 2017, the Southern 

California Gas (SoCalGas) launched a natural gas DR program called the SoCalGas 

Advisory Thermostat Program [6], partially in response to supply concerns related 

to a leak at its Aliso Canyon natural gas storage facility. Similarly also the Con 

Edison utility launched a three-year gas DR pilot in New York [5] whose objective 

will be to test the feasibility of incentivizing customers to provide net reductions of 

natural gas demand during peak gas demand days on the coldest days of the 

winter. 

 Disruptive technologies 

Clearly, the most disruptive technology for the energy market currently is 

blockchain. This technology has attracted a lot of interest that resulted into a 

continuing stream of new entrants. Today there is more than 120 organisations 

involved in blockchain-based applications in the sector and several tens of publicly 

announced deployed projects.  

The main uses case for blockchain include the transactive energy where companies 

are using blockchain to verify and execute peer-to-peer transactions more rapidly. 

This all relates to application scenarios in demand response, EV charging, or 

turning on and off distributed resources for grid services. Early entrants such as 

New York-based LO3 Energy, Power Ledger in Australia and Electron in the UK 

have continued to develop and grow their offerings to the point of early 

commercialisation. 
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While the blockchain’s future in electricity systems is currently uncertain [104] due 

to various limitations, risks and challenges, it is important to closely monitor these 

developments given their disruptive nature and fast dynamics. 
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7 Appendix – Market Conditions in Selected EU Member States 

 France 

France has had an active DSR market since 2003 when large industrial companies 

began taking part in the balancing mechanism. The first pilot tests for DSR 

commenced in 2007 and were aimed at introducing aggregated residential load to 

the demand response mechanism. This has progressed steadily and for the first 

time on the 1st of July 2014, an industrial consumer provided its energy reduction 

as a FCR or Primary Reserve [7]. This programme, together with secondary reserve 

has been accessible for load participation since 1 July 2014.   

In most European member states there is no clear Framework for the role of 

independent aggregators and relationships between independent aggregators, 

BRPs and suppliers are not always well-defined [107]. The French demand side 

response market is arguably one of the most developed in this regard and 

according to [8] France is one of the only countries which has opened both the 

ancillary services markets and wholesale market to Demand Response and 

independent aggregators. 

The relationship between aggregators and retailers/BRPs has been regulated since 

2013 when a standardised framework was put in place. Since 2014, there has been 

no need for consumers or aggregators to contract with a BRP to provide its 

flexibility to the markets. This helps to facilitate entrance to the market and France 

is one of only 3 Member States (Finland, GB and France) where residential 

consumers are engaged in demand side services. It is also one of only a few 

countries in Europe successfully employing critical peak pricing of tariffs to 

promote demand response [7]. 

The French TSO (RTE) has been actively adjusting programmes requirements to 

better fit the capabilities of the demand response market. The NEBEF (‘Notification 

d’echange de Blocs D’effacement) which launched in 2014 is an example of this. 

It is a mechanism which introduces into the French energy code, articles enabling 

the selling of demand reduction in energy markets and in the balancing mechanism 

[108]. 

A few obstacles do however remain with regards to the DSR market and act as 

potential barriers. The high mandated sourcing cost of the retailers for example 

continues to impede growth within the wholesale markets as almost all revenues 

earned must be paid back to the retailer by the aggregator and consumers [109]. 

Regulatory changes that could impact the market and solve this problem are 

thereby being tested with a draft decree of the Energy Transition Law that is being 

scrutinised by the Conseil d’Etat (Court of administrative justice). This law could 
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provide for a new financial settlement framework whereby a significant part of the 

payment to retailers with curtailed customers will be charged to retailers rather 

than to demand response providers. 

The TSO in France RTE has adapted its products to Demand Response and these 

have been improved further to be aggregation-friendly, i.e. to allow aggregation 

irrespective of the type of network, metering, electricity retailer, BRP, etc. The 

markets have also made significant progress adjusting technical modalities and 

market entry requirements to facilitate consumer participation. Consequently, the 

number of MW of demand side have more than tripled between 2013 and 2015, 

making France one of the more attractive DSR markets in Europe [8]. 

Currently the business case for demand response in France is very strong and 

thanks to the legal framework put in place and currently being improved upon 

France is considered one of the most suited markets for DSR. The issue of 

compensation will however have to be addressed as too high a share of demand 

response benefits are allocated to retailers and suppliers to the detriment of 

aggregators. 

 Belgium 

The Belgian DSR market is still in its developmental stages and has undergone 

substantial steps by implementing various changes in product requirements which 

would ensure its ancillary services are open to Demand response. Secondary 

reserve in Belgium is not yet open to Demand response but DSR can participate in 

the Primary and Tertiary reserves as well as in the interruptible contracts 

programme which allow consumer load to be interrupted by direct control of the 

utility system or consumer at times of seasonal peak and are classified under the 

tertiary reserve [110].  

Though the Belgian market has taken steps towards making its market more 

accessible and open to demand response the main restricting factor lies with the 

need of independent aggregators to obtain prior agreement of the consumer’s 

retailer/BRP to engage in demand response services [8]. This acts as a major 

inhibitor and discourages independent aggregators from setting up demand 

response services.  

This is further complicated by the fact that the wholesale markets are closed to 

demand response which frustrates large industrial consumers who would like the 

ability to earn from their flexibility without penalty. Capacity issues in the Belgium 

market make energy costs of such industrial consumers a burden and they would 

like to lower these costs [7]. Qualified participants can only participate in the 

wholesale market if they satisfy the necessary conditions i.e. contracting with a 

BRP or becoming a BRP. Therefore, presently residential customers connected to 
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the distribution grid cannot participate in the market in an explicit way and 

customers cannot choose who their aggregators will be as this requires bilateral 

contracts between BRP and aggregator. The BRP are further able to exercise the 

legal right not to cooperate with a different service provider. 

Although demand response isn’t traded on the Belgium wholesale market, Large 

single electricity consumers can enter into price sensitive demand bids in the power 

exchange Epex Spot [111]. This remains low however due to legislative barriers 

which include the fact that independent aggregators need a contractual agreement 

from a consumer’s retailer/BRP or that they become BRP’s themselves.  It is 

however difficult and expensive for an aggregator to become a BRP and the 

penalties in the case of imbalance are quite substantial, sometimes getting as high 

as £4.00/Mwh. All this creates significant entry barriers both for consumers and 

aggregators in an otherwise open market.  Consequently, the volume of energy 

traded in the spots market Epex spot is very small in comparison to the amount 

traded on the largely centralised Belgium system and only a few large industrial 

parties like large steel or chemical industries trade on the Spot market [7]. The 

challenge thereby for larger demand response participation is to give customers 

wider access to the Spot market. 

A further challenge to be addressed to make DSR more accessible is the role of 

DSO’s in the Belgium market. DSO’s in Belgium do not use demand response but 

like many other DSO’s in Europe focus mostly on capital expenditure investments 

to ensure network security. Even though DSO’s don’t themselves participate in 

demand response they cooperate with the Belgian TSO Elia to provide the 

possibility for consumers connected to their distribution network to participate in 

demand response. They however legally reserve the right to block or interrupt 

demand response services if there is a capacity issue.  

Stakeholders report that it takes about 6 months for DSO’s to approve requests to 

participate in any new DSR program the TSO opened last and this can be a 

disincentive or barrier, nevertheless once the process in place is approved for 

individual consumers it is completed in a matter of weeks.   

The challenge in the Belgium market will be to give more access and possibility for 

demand response to participate. Legislation which will formalise the role of the 

independent aggregator and establish their right to access consumer’s directly 

without permission of the consumers BRP is expected to be implemented soon. 

This will go a long way in expanding the market and making it more accessible. 

With such changes being instituted the DSR market in Belgium is expected to grow 

and attract more parties.  
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 Ireland 

Ireland is a small market that was one of the first to address the RES driven need 

for flexibility. The initial Irish Demand response scheme was phased out in early 

2013 after the country’s TSO Eirgrid, modified the Electricity Market Rules to allow 

Demand Response providers enrol as Demand Side Units (DSU) in the Single 

Electricity Market (SEM). The first DSU became operational in 2012. 

The new demand response programme enables easier access to the market but 

the prequalification process for the DSU’s could do with some improvements which 

would make it more accessible. The Short-Term Active Response (STAR) 

programme however, which is the interruptible loads programme is adequately 

designed providing minimal barriers to entry as it has no minimum bid size making 

it very accessible [8].  

Ireland has ambitious targets of ensuring 16% of its country’s total energy 

consumption comes from renewable energy sources by 2020 and these have been 

laid out in the “Delivering a Secure, Sustainable electricity System” (DS3) 

programme [112]. For this to be achieved 40% of the country’s energy generation 

will have to come from renewable energy sources. Consequently, the need for 

flexibility is anticipated to increase, creating more business prospects. This will 

further be influenced by the opening of the balancing markets for DSU’s in 2018 

and the launch of the new Integrated Single Electricity Market (I-SEM) also in 

2018. The aim of the new markets is to integrate the whole Islands electricity 

market with European electricity markets, enabling the free flow of energy across 

borders, thereby delivering increased levels of competition and encouraging 

greater security of supply and a decrease in prices [113].  

The opportunity for DSUs to offer ancillary services was introduced in October 2016 

within the framework of transitioning to I-SEM. This will provide a significant 

growth opportunity for assets with appropriate characteristics. Furthermore, with 

the enabling of more participation in the I-SEM, demand-side participation will 

increase significantly through a more diverse product range. 

I-SEM is in its final phases of development by the commission for Energy 

Regulation and the Utility Regulator of Northern Ireland. They have settled on a 

volume-based Capacity Mechanism using reliability options. Whereas the current 

SEM is an ex-post balancing market the I-SEM will comprise of two ex-ante 

markets for physical energy trading (Day ahead and Intraday), an ex-post 

Balancing Market, a capacity mechanism and a Forwards Market [7]. 

Demand response in Ireland currently participates in a number of markets 

including the Balancing and ancillary services market which opened to Demand 

response on 1 October 2016 as part of the DS3 programme “Interim 

Arrangements” [7]. DSR is also present in the Wholesale Market where it gets 
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involved from the point of view of bidding and dispatch but Demand Response 

providers do not earn an energy payment for this. Lastly DSR is active in 

interruptible contracts where Eirgrid’s STAR scheme provides short-term reserves 

to the transmission grid, using under-frequency relays at industrial sites. There is 

however no volume-based Capacity Mechanism currently existing in Ireland at the 

moment but a price-based capacity provision currently exists in the wholesale 

market. 

Currently the DSO in Ireland has the right to limit the physical access of a site to 

Demand Response but not the financial access meaning that a site may be limited 

to curtailing load and/or using generators at certain times but not prevented from 

offering these services to the market. This means customers get availability 

payments even if the DSO deems that system constraints prevent them from being 

dispatched [7].  

To make DSR more attractive Improvements could be made in the tariff pricing 

scheme as currently the tariff scheme does not incentivise DSR. The scheme is 

close to flat and does not reflect congestion or real time need. The ex-post pricing 

mechanism also makes it difficult for implicit demand side measures to be involved 

in the market given the lack of actionable price signals.  

Another barrier which needs to be addressed and currently prevents free entry into 

the DSR market is the complex technical and prequalification requirements which 

each individual unit in each pool of loads must fulfil. The aggregators are unable 

to prevent consumers as they have to go through the arduous technical pre-

qualification measures which they may not have the ability or knowledge to fulfil. 

The pre-qualification process is also very costly and discourages consumers from 

participating in the DSR market. 

A positive for independent aggregators in the Irish market is that aggregators do 

not require the BRP’s agreement prior to load management. This means the 

aggregator works as a service provider for demand sites gathered to fulfil the DSU 

requirements. Aggregators have to report their availability to the TSO and they act 

as power plants with the ability to dispatch when needed.  

The Irish market is therefore a viable place with prospects for DSR. Aggregation is 

allowed, and the minimum bid size is 4MW for DSUs. Due to the small market size 

however it may be better if this is reduced to encourage participation. 

 Great Britain 

The United Kingdom was the first country to open several of its markets to 

consumer participation in Europe. Unfortunately, in recent years it seems that the 

stakeholder process between providers, BEIS, Ofgem and National grid has not 



 

D8.3 HOLISDER Market Report First Version 

  

 

73 
 

been as effective as would be expected in a mature market. As a result, the DSR 

market is not as functional as it could be due to various operational and procedural 

requirements. This makes the market difficult to access and reduces the potential 

of demand-side MWs even as national generating capacity continues to decline.  

Almost all ancillary services programmes in Great Britain are open to Demand 

response and aggregated load even though the design is currently not optimal for 

customer participation. There is also an issue with transparency as comprehensive 

data regarding the share of demand response in the various balancing services 

programmes is not available. Many services are procured not through open 

markets but rather through bilateral contracts or through tenders in which the 

buyer, National Grid, has a great degree of discretion. This lack of information 

make participation very risky for new entrants.  

The SO is however determined to reduce risk in the DSR market and is taking steps 

towards achieving greater transparency. National grid launched a new 

stakeholder-backed initiative called Power Responsive, with the goal of stimulating 

participation of flexible technologies in the electricity system. The Power 

responsive report [114] gives greater detail as to the various demand side 

response participants engaged in the Non-BM. The report shows that onsite 

generation constitutes the majority (about 67%) of demand side flexibility 

technology which participates in DSR. This is followed by load response (28%), 

Generation for export only (3%) and Energy storage (1%). 

The relationship between the BRP and aggregator in the UK is not yet fully 

resolved. Due to this, aggregators are unable to access the Balancing Mechanism 

or wholesale markets as it requires a bilateral agreement from the BRP/retailer. 

On the other hand, aggregators can access balancing services and the capacity 

mechanism as there is no prerequisite for an agreement between the retailer and 

aggregator. This means that the retailer (rather than the aggregator) is exposed 

to imbalance payments or costs resulting from customers actions [7]. In November 

2016 Ofgem issued a call for evidence to inquire if a framework allowing 

independent aggregators access to the balancing mechanism should be initiated 

[116]. The results showed wide support for such a framework and a willingness by 

Ofgem to institute the desired measures [115]. 

The Association for Decentralised Energy (ADE) has also developed a voluntary 

industry led code of conduct for aggregators and suppliers. The proposal focuses 

on five areas i.e. 

• sales and marketing;  

• proposals and pre-contractual information; 

• contract;  

• technical due diligence and site visit;  

• and complaint  
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And will aim to be implemented in 2018 [117]. The Association for Decentralised 

Energy (ADE) also undertook a self-reporting survey of aggregators and suppliers, 

to offer a more comprehensive picture of DSF participation in different markets 

(reserve, frequency response, capacity, wholesale and network cost avoidance). 

This considered the assets delivering flexibility, the sectors participating and the 

regional spread of activity across GB.  

While National Grid has engaged in streamlining the participation requirements for 

balancing services and increasing transparency, DR still faces significant regulatory 

and operational challenges which limit the viability of the UK market for Demand 

Response providers.  

The capacity mechanism, introduced at the end of 2014, did not place demand-

side resources on an equal footing with generation. In the first market only one 

demand-side aggregator, of the approximately 15 in the market, secured a 

contract within the new market in the first auction. The most recent auction 

performed better with independent aggregators securing various MW of capacity 

and coal losing out. However a combination of low clearing price and derating 

factor means that battery storage finds it hard to compete with only 11% of 

projects securing capacity in the T-4 auction [119] and storage making up less 

than 2% of the capacity procured via the T1 auction [118]. 

The opportunity for Demand Response is in principle higher than ever. However, 

due to poor policy development and design choices, that opportunity has not yet 

been realised. And as pointed out in the Energy research most of those who do not 

provide DSR would be interested in doing so if  the route to the market was much 

clearer, if the complexity was reduced and the rewards were more certain and if it 

did not affect core business [120]. 

 Germany 

Germany has planned to achieve 35% of renewable electricity supply by 2020 and 

will be reducing nuclear power supply by 2022 [121]. Germany has started to 

increase its use of more decentralised energy generation such as wind, solar, 

biomass and biogas; which has increased its need for de-centralised flexibility. This 

is due to scenarios in which variable generation from wind and solar plants will 

supply a majority of total demand in the grid are estimated to happen more 

frequently in coming years. 

Germany’s Demand-side Response market has several types of products; Primary 

Reserve (600 MW), Secondary Reserve (2000 MW) and Spot Market trading 

(c.220TWh). Primary and Secondary Reserve are both ancillary service, were as 

Spot Market Trading is a wholesale market. Both Primary and Spot Market Trading 

are open to Demand Response and battery storage participation [122]. The 
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Primary Control Reserve has a pre-qualification for TSOs with the performance at 

least equal to minimum bid size. In 2013, a programme for interruptible load 

services, with Demand Response offering to reduce or interrupt demand at short 

notice for a fixed minimum duration, and extended until 2022. The extended 

programme now uses weekly auctions, reduced minimum bid size to 5MW and 

allowing for load pooling [122]. 

Market regulation within Germany has created significant barriers for the vast 

majority of Demand Response programme types for both those provided by 

retailers and independent aggregators. The German Federal Ministry for Economic 

Affairs and Energy (the BMWi) is addressing of the barriers to Demand Response 

through having a broad discussion forum and consultation on the policy conditions 

for the future of generation and supply of electricity, its use in heating, transport 

and industry, and the transport of electricity across the grids. This broad discussion 

forum will help to inform policy decisions of the newly elected government, elected 

in September 2017 [7]. 

A number for markets are closed for Demand response, either due to legislation 

not allowing DR (such as network grid reserve) or by being closed in practice due 

to being highly generation-biased product design (such as proposed design for a 

capacity reserve). Another barrier for German Demand Response is the lack of 

framework and incentives for DSOs to procure distributed flexibility as a service 

rather than investing in expansion or reinforcement of their networks. Another 

barrier for German’s DSR market grow is the lack of a standardised role for third-

party aggregators, as require a number of contractual relationships between BRPs, 

Retailers and third-party aggregators [7]. 

 Sweden 

Sweden energy flexibility comes mainly from hydropower plants in northern parts 

of the country (SE1 and SE2), while thermal plants are sometimes activated in the 

south of Sweden during times of peak demand. In 2014, the installed capacity of 

hydropower resources was 16,155MW (40%), Nuclear power was 9,528MW (24%) 

and Wind power was 5,420MW (13.7%). Sweden electricity production and usage 

of Hydropower in 2014 was 64.2TWh (42%), whereas thermal energy resources 

13.3TWh (9%) [123]. Sweden’s predominant use of variable energy production 

resources shows the potential demand for flexibility from TSOs or DSOs. 

Aggregation of DSR and Demand Response participation is legally possible in 

Sweden. However, wider Demand Response participation would be possible with 

the definition of roles and responsibilities between players, therefore allowing for 

consumers to choose their Demand Response service provider while protecting all 

market participants. [7] 
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Sweden’s Primary, Secondary and tertiary Reserves are legally open to demand-

side resources and aggregation. Demand-side participation is still limited in 

Sweden, regulation changes are required to allow for wider demand-side 

participation. Most Demand-side resources participate in the Strategic Reserve and 

in the Regulating Power Market (RPM). BRP must be an independent third party 

aggregator, and have obtained a contractual agreement from consumers’ 

retailer/BRP to participate in the market. This relationship between competitors 

hampers the market potential of demand-side resources in Sweden. [7] 

A limiting barrier for Sweden’s Demand-side participation is the product 

requirements for Demand Response. The minimum bid size for the Secondary and 

Tertiary Reserve is a significant barrier to wider demand-side participation. 

Demand-side resources also participate in the spot market. The main issues from 

market participants in Demand Response are both the access to and product 

requirements in the Primary and Secondary Reserves. 

Further development of Sweden’s Demand-side Response market is needed. But 

together with the other Nordic countries, Sweden is currently addressing the issue 

of the role of independent aggregator’s participation in the balancing markets. For 

TSOs in Sweden, there is also a need for electronic systems at the RPM level in 

order to activate specific loads, as current system is done via telephone calls. [7] 

 Finland 

The provisions of the Finnish Electricity Market Act from 2013 have been adjusted 

in 2014 in order to accommodate the EED principles so that tariffs cannot include 

incentives that can alter the overall efficiency of electricity generation, 

transmission, distribution and supply or incentives that can compromise the 

application of Demand Response. The Finnish NEEAP also states that Finland has 

already implemented clauses a) and c) of Annex XI of the EED regarding the 

shifting of the load from peak to off peak times and real time pricing. However it 

is not clear what was implemented to satisfy these criteria. 

All ancillary services are in theory open to Demand Response. However, some 

limitations exist concerning aggregation. The aggregation of resources from 

different balancing groups is only permitted in FCR-D. This limits the full potential 

of Demand Response in other reserve markets. Participation in the Frequency 

Containment Reserve for Normal Operation (FCR-N) is limited to some pilot 

projects of load curtailment. The other programmes have a wider participation. In 

the manual frequency restoration reserve (mFRR) Demand Response represents a 

significant share with approximately 100-300 MW64 – about a quarter of the total 

capacity. The TSO has also run some pilot projects in different reserve markets65. 

There was a pilot project that focused on independent aggregator participation in 

FCR-N market which recently finished in January 2017. Currently Fingrid is 
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tendering for an mFRR aggregation pilot project that will look into enabling 

aggregation from multiple balances and independent aggregator participation in 

the regulating power market. The aim is to start the pilot in 2017 and conclude it 

in 2018. 

The Spot Market (day-ahead Elspot and intraday Elbas) is open to Demand 

Response and aggregation, but only directly from BRPs. Information related to 

consumers’ bids into Nord Pool is not public, but Fingrid estimates that between 

200 and 600 MW of consumers’ flexibility participates in Elspot and up to 200 MW 

in Elbas. 

Overall, and similarly to the other Nordic markets, a significant share of electricity 

is traded in the spot market. In 2015, the volume of electricity traded in the day-

ahead markets was 374 TWh, and in the intraday market 5 TWh (this also includes 

Nord Pool intraday trading in Germany).  

Demand-side flexibility could represent an important tool for local congestion 

management. The pilot project Smart Grids and Energy Markets (SGEM) was run 

in 2014, to evaluate the potential of residential dynamic Demand Response, 

focusing on the following five areas: Smart grid architectures and distribution 

infrastructure, intelligent management and operation, Active resources, Market 

integration, and new business models. In addition, there was also a FLEXE pilot 

project with one of its objectives to define flexibility requirements for planning and 

operation of integrated energy markets69. Direct load control of about 7000 

electrically heated ToU partial storage houses in rural areas, showed a potential of 

about 10 MW, and dynamic load control capability was implemented in about 35 

MW of full storage electrically heated houses, identifying a 14 MW potential for 

Demand Response. However, at present there are no significant incentives for 

DSOs to procure Demand Response. The DSO’s role in controlling flexibility is 

actually quite unclear. Moreover, in Finland, there are only incentives for OPEX; 

and OPEX incentives for R&D are approved as long as they do not exceed 1% of 

the allowed revenues. CAPEX for R&D and pilot projects are also treated as any 

other costs. 

 Denmark 

The Demand Response market in Denmark is still quite limited due to having no 

significant demand for flexibility from TSOs or DSOs. This lack of demand for 

flexibility is due to Denmark having a well-developed electricity market with 

sufficient capacity compared to other European markets, so the price for flexibility 

products remain low.  

However, with Denmark increasing its use of variable resources such as wind and 

solar power, flexibility will be taken into consideration to prepare for where the 



 

D8.3 HOLISDER Market Report First Version 

  

 

78 
 

challenge of balancing electricity production and demand-side is a concern for 

Denmark. [7] 

Denmark’s electricity consumers are allowed to participate in all the ancillary 

service, however, due to the lack of development of the demand-side business 

model and regulatory barriers for independent aggregators to develop innovative 

DSR businesses. Denmark’s Demand-side Response aggregation only takes place 

through retailers, and there are no independent aggregators in Denmark’s DSR 

market [7]. The balancing programmes are designed to with a focus on the 

characteristics of generators and accommodating production units and not demand 

response units. This has led to only the largest consumption units are able to 

participate in balancing programmes. The Tertiary Reserve is the most accessible 

programme for DSR participation.  

 Austria 

Austria has made progress enabling Demand Response within the Balancing 

Markets. However, the overall structure remains complicated (and therefore 

expensive) to navigate. Business development in the area is also still slow. In 

2014, several amendments were made to the preconditions for the prequalification 

to ease the aggregation of demand resources and, open the balancing market to 

Demand Response and new technologies. In addition to existing pooling 

possibilities, various measures were implemented in regards to technical entities. 

There have also been changes made to increase the participation of consumers. 

However, a Demand Response provider still has to have a bilateral agreement with 

the BRP for the BRP’s sourcing costs, which creates an obstacle for entering the 

market.  

The most attractive markets for Demand Response are from a technical point of 

view the tertiary control (relatively low entering barrier due to low technical 

requirements) and from an economic point of view secondary control (high prices 

and a number of activations). 

Currently the business case for Demand Response in Austria is relatively weak. 

Aggregators can only attract customers with large amounts of flexible load and/or 

backup generation (e.g. industry) to contribute to a pool. Smaller resources are 

still reluctant to participate due to low revenue streams. 

As such, a level playing field for all flexibility providing devices in all valuation 

mechanisms of flexibility (regardless of size and grid connection, e.g. DSO) is 

needed. The participation of new market players and new forms of demand units 

in existing and new pools, such as aggregators is an important factor for the 

observed reduction of Austrian balancing costs. 
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Further planned measures in Austria include the optimisation of (real time) data 

exchange between the DSO, TSO and other market participants (i.e. to support 

pooling of units from third-party aggregation); improvement exchange of data for 

more effective market operation such as the harmonisation of (aggregated) 

exchange of schedules for activation in other balancing perimeters; and the 

enhancement of market rules/grid codes (such as new arrangements on 

independent aggregation currently in contracts between market parties). 

Additionally, market processes for using measured values (Smart Meter 

measurement 15 Min/daily) for imbalance settlement are in preparation to support 

all forms of flexibility valuation (balancing, imbalance settlement, participation in 

ID/DA markets). 

 The Netherlands  

The Electricity and Gas Acts already promote network tariffs that are related to the 

most effective operation and quality of the electricity chain and it is stated that no 

additional requirements are needed due to the lack of distinction between 

providers of balancing and ancillary services in the network tariffs. It is also stated 

that dynamic electricity and network tariffs for Demand Responses is already 

implemented and the electricity transmission tariffs depend on the voltage of the 

network to which the customer is connected as well as the capacity of the 

electricity connection.  

In the Netherlands, competition over demand-side services is not enabled. The 

offering is always bundled with the sale of electricity and by a BRP (the non-

competitive portion of a Retailer). Consumers must either reject the entire service 

or accept the aggregator’s/BRP combined offer, or try to re-negotiate their entire 

retail contract with another retailer in order to access the Demand Response 

services they required. Aggregators in the Dutch Market offer portfolio optimisation 

services to BRPs only, through trading on the day-ahead, intraday and balancing 

markets. BRPs optimise imbalances through real-time dispatch and may act as 

balancing service providers. BRPs can act as aggregators or they can hire a third-

party aggregator for this service. In this context, a third-party aggregator is 

obliged to have an agreement with the consumer’s BRP and with its retailer. The 

aggregator can only work as the BRP’s service provider. As in other Member States, 

this creates a market entry barrier for new entrants. The pooled load has to fulfil 

requirements as an aggregate. This is a critical enabler of Demand Response as it 

allows the BRP-aggregator to act as mediator for the consumer, protecting them 

from onerous technical pre-qualification measures, which they may not have the 

ability or knowledge to fulfil. Baseline settlement depends on the contractual 

relationship between the end consumer, its BRP and its retailer. The absence of 

standardised requirements can act as a barrier as each contract must be 

negotiated individually. For TSO contracted FRR (manual) the BSP is required to 
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supply measurements directly to the TSO103. The data regarding actual baselines 

is only required for a FRR (continuously, 4 seconds-based) and Emergency Power 

(checked ex post, taking into account the values 1 hour prior to activation to 1 

hour after deactivation, with 5 min metering resolution). 

In practice the passive contribution of BRPs is a low threshold means to enter in 

the balancing market. Many BRPs use this to include DSR. The biggest share of 

demand-side flexibility is used in “passive balancing/ passive contribution”. In case 

of a short or long market, the BRPs can be rewarded for their imbalance – instead 

of being punished for it as it may happen in other countries – if their position 

contributes to the balancing of the whole network. Such a solution is possible due 

to publicly available near real-time imbalance positions and prices. Whereas, 

aggregators typically pool demand-side resources from greenhouses, hospitals, 

small industries with CHP and load shedding capabilities.  

Demand-side flexibility could represent an important tool for local congestion 

management. There are few experimental projects run by DSOs, focused on 

electricity storage or use of smart technologies. For example, a pilot called 

Powermatching City234 in Hoogkerk near Groningen aims at verifying smart grid 

functions in real-life circumstances. Households participating in the programme 

have access to different types of renewables, together with smart meters and 

smart household appliances. USEF (Universal Smart Energy Framework), was 

another project intended to provide access to smart energy systems to all 

interested parties through a market-based control mechanism235. The Congestion 

management programme was introduced by Tennet in 2008. In case of expected 

congestion, generators could offer to limit injections of electricity into the grid, in 

exchange for payments. However, the programme is not currently active and is 

not open to demand-side participation and moreover only provides network 

congestion management for high voltage transmission. There is currently no 

incentive framework that allows for the DSO to invest in congestion management 

capabilities. The only incentive the DSO has is to make the grid as robust as 

possible. There are no mechanisms for DSOs to buy demand-side flexibility either, 

however there has been some growing interest in the form of pilot projects in the 

Netherlands 
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