
 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n° 1313 

 
 

CIRED 2019  1/5 

THE PEBBLES PROJECT – ENABLING BLOCKCHAIN-BASED TRANSACTIVE ENERGY 

TRADING OF ENERGY & FLEXIBILITY WITHIN A REGIONAL MARKET 
 

 

M. VASCONCELOS, W.CRAMER S. JESSENBERGER, A.AMTHOR  C. ZIEGLER 

 C. SCHMITT, Fraunhofer FIT Siemens AG Allgäuer Überlandwerk GmbH 

maria.vasconcelos@fit.fraunhofer.de   

  F. HERINGER A. ARMSTORFER  

  AllgäuNetz GmbH & Co. KG Hochschule Kempten  

ABSTRACT 

Transactive energy approaches entail the paradigm shifts 

needed for a successful energy transition towards cleaner 

energy systems. In the research project pebbles, one such 

approach aims at developing a Blockchain-based plat-

form for enabling both local energy markets directly 

accessible to prosumers and distribution grid services. 

The present paper describes the project’s goal, scope and 

preliminary findings laying the focus on the conceptual 

groundwork for the development of a prototypical plat-

form. 

INTRODUCTION 

The ongoing developments promoted by transnational 

climate policy goals lead to a significant decentralization, 

digitalization and democratization of power systems. 

First, the partly subsidized deployment of distributed 

energy resources (DER) such as renewable energy 

sources (RES), storage systems and flexible loads mainly 

takes place at distribution level thus calling for decentral-

ized market- and grid-oriented integration approaches [1]. 

Second, a suitable integration of DER comprising active 

commercial and system-oriented contributions requires 

an adequate level of observability and controllability of 

DER [2]. Therefore, a massive infrastructural expansion 

of information and communication technologies (ICT) is 

taking place. Third, increasingly decentralized and digital 

power systems require amendments to the traditional role 

distribution, giving way, i.a., to more customer-centric 

business models [3].  

Against this background, numerous research projects 

have been focussing on the development of innovative 

ways to effectively use the flexibility from DER. A Ger-

man consortium including a DSO, a utility, a technology 

company and two research institutions started the joint 

project pebbles in 2018 to specifically address the follow-

ing research questions: 

 Local Energy Markets (LEM): How can new 

market designs enable local energy trading be-

tween prosumers and small commercial / indus-

trial enterprises? 

 Grid services: How can distribution system op-

erators (DSO) interact with LEM in order to fur-

ther guarantee a reliable grid operation? 

 Business models: Which new business models 

arise from LEM (e.g. for prosumers, utilities, 

service providers for energy management sys-

tems, etc.) 

 Blockchain-based platform: Which technologi-

cal solutions are most suited to implement the 

proposed conceptual innovations?  

 Legal-regulatory framework: Are the proposed 

concepts compatible with the current legal-

regulatory framework (Germany / EU)? 

The following chapters will describe the project’s goals 

and scope and give an insight into preliminary findings. 

PROJECT OVERVIEW AND SCOPE 

In the course of the research project pebbles, a prototypi-

cal blockchain-based platform for a transactive energy 

approach (local energy trading and grid services) will be 

developed and tested both in a simulation framework and 

in a pilot demonstrator in Southern Germany. Figure 1 

gives an overview of the project’s structure. 

After identifying relevant use cases associated with the 

proposed platform solution, the conceptual and methodi-

cal development of the market- and grid-oriented plat-

form processes will be carried out. Furthermore, different 

users will be equipped with the necessary infrastructure 

for participation. This will enable them to profitably use 

their assets’ flexibility in the LEM trading. LEM-

compliant grid services (e.g. observance of grid re-

strictions in the market activities) will also exploit the 

potential from distributed flexibilities via the platform. In 

pebbles, the following categories of users will participate 

in the platform-based energy trading and grid services: 

 Private users: Consumers and prosumers with or 

without flexibility (e.g. storage systems) 

 

Figure 1: Structure of the pebbles project 
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 Commercial / industrial users: small commercial 

enterprises with or without own generation and 

flexibility 

 Energy campus Wildpoldsried (ECW) and 

Nanogrid: standalone assets operated for re-

search purposes in a delimited but grid-

connected LV grid area 

 Virtual power plant (VPP): The VPP operated 

by the consortium partner Allgäu Überlandwerk 

currently carries out direct marketing for medi-

um-sized generation units and could offer an in-

terface for selling surplus energy from LEM to 

central markets 

 Virtual participants: In order to increase the li-

quidity and analyse different constellations of 

LEM participants, full-featured virtual users will 

be modelled and connected to the platform. 

While their trading behaviour can be simulated 

to actively influence the LEM results, their 

physical impact on the network cannot be meas-

ured 

The scope of the project can be varied according to the 

connected participants resulting in the following possible 

research areas: 

 ECW: Delimited LV grid area with standalone, 

fully controllable assets 

 LV grid Wildpoldsried: LV grid characterized by 

a high share of RES (photovoltaic and biogas) 

 LV & MV grid of AllgäuNetz: Entire grid area 

operated by the DSO AllgäuNetz 

With a larger number of connected participants, the 

LEM’s liquidity can be increased on the one hand thus 

providing more suitable test cases for evaluating the de-

veloped market designs. On the other hand, the complexi-

ty of the platform’s operation and control activities in-

creases. Therefore, a modular demonstrator setup allows 

varying the trade-off between complexity and representa-

tiveness during the field tests. 

In parallel to the software and hardware developments 

related to the prototypical implementation of the plat-

form, accompanying research will be undertaken. Besides 

a legal-regulatory compatibility analysis of the developed 

concepts and use cases, a comprehensive simulation 

framework will be developed. It will on the one hand 

enable further research into the developed and alternative 

concepts and methods for LEM and grid services. On the 

other hand, it will be possible to evaluate alternative 

system designs with particular focus on the configuration 

of the Blockchain infrastructure. Furthermore, sensitivity 

analyses with regard to the selected research areas and 

users will be carried out. 

PEBBLES USE CASES 

Transactive energy trading approaches offer numerous 

opportunities for different stakeholders [4]. Categorizing 

the platform’s potential into use cases, allows for both a 

systematic analysis of the stakeholders’ interests or po-

tential business cases and deriving corresponding re-

quirements for the system architecture (modules, inter-

faces, etc.). The following use cases were defined in the 

course of the pebbles project (s. Figure 2). 

 

Figure 2: pebbles use cases 

LEM developers and operators 

The main goal of the LEM in the context of the pebbles 

project is the efficient resource allocation within regional 

power systems (fulfilment of demand, energy balancing). 

This includes the automated coupling between the LEM 

and the participants’ EMS in order to fully exploit the 

local flexibilities’ potential for individual and corre-

sponding system optimization purposes.  

Thereby, the EMS carries out an operational scheduling 

process for its connected assets periodically thus deter-

mining optimal price-based bids. Day-ahead trading bears 

the potential to increase the LEM’s liquidity by gathering 

a higher number of bids and represents therefore the most 

relevant time frame for trading. An additional intraday 

trading could on the other hand reduce remaining uncer-

tainties due to forecasting errors.  

In order to compensate liquidity issues and uncertainties 

by handling shortages or surplus situations in the LEM, 

interfaces to the central markets are needed. This service 

opens up opportunities for current market actors such as 

utilities and VPP to compensate for a potential decrease 

in the customer numbers / sizes due to the LEM. For this 

purpose, a cooperation between LEM operators and cen-

tral markets aggregators must take place with regard to 

the design and operation of LEM, should the roles be 

assumed by different actors. 

EMS providers 

Participants of the LEM expect an optimal use of their 

assets’ flexibility with respect to their predefined goals 

(e.g. economic, ecological, geographical). For this pur-

pose, they need to be equipped with either a local or 

cloud-based energy management system (EMS). The 

EMS is software, which optimizes the operation of con-

trollable assets according to a given objective function 

based on the assets’ technical restrictions, generation and 

load forecasts.  
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DSO 

The DSO’s goal in the context of LEM is to further guar-

antee a reliable grid operation despite market-based 

changes to the distribution grid’s power flows. For this 

purpose, an alternative to the exclusive grid expansion is 

to properly influence the market operation. The basic idea 

in pebbles is to provide the LEM with the necessary in-

formation for preventing the violation of voltage bounda-

ries or assets’ limitations form the start. Furthermore, a 

nodal price-based approach for the self-regulation of the 

voltage at each node is going to be analysed with regard 

to its feasibility and effectiveness during the course of the 

project. Hereby, the participants’ EMS reacts to a dynam-

ic price incentive adjusting its power feed-in or demand 

in a grid-compliant manner. In contrast to the first option, 

this incentive-based approach does not guarantee the 

compliance with grid restrictions but it reduces the re-

quired information exchange between market and grid 

operators in line with the unbundling principles. 

Value-added service providers 

The realization of platform-based energy trading and grid 

services is based upon the premise that each participant 

has access to individual forecasts for his load and genera-

tion patterns. These can be determined by processing 

different exogenous parameters, e.g. the weather forecast, 

and historical data. Besides this crucial added-value ser-

vice, the EMS’ performance can be improved by addi-

tional data-based services. Specifically, adaptive parame-

ter estimation methods can significantly and continuously 

improve the monitoring and control of the EMS-

connected assets thus contributing to an improved opera-

tional scheduling process.  

Blockchain developers 

Current discussions and developments have emphasised 

advantageous features of the Blockchain technology for 

implementing automated and decentralized systems [5,6]. 

In the context of LEM, Blockchain can support the coor-

dination of increasingly decentralized systems with a 

high number of actors with a distributed infrastructure 

ensuring transparent and tamper-proof processes and data 

handling. It builds trust between distributed actors with-

out requiring preselected institutions and the technology 

further increases the robustness against individual outag-

es. This technological option consequently enables trans-

parent auditing processes as well as the automated and 

secure realisation of transactions between LEM partici-

pants. 

For this reason, the Blockchain technology will be thor-

oughly analysed with regard to its potential for efficiently 

and transparently automating processes associated with 

the LEM. In particular, the feasibility and advantages of 

replacing a central entity in the clearing and settlement 

processes are regarded as promising and will be assessed. 

Furthermore, Blockchain provides a potentially reliable 

and efficient option for archiving the participants’ data. 

TRANSACTIVE ENERGY CONCEPTS 

The use cases lay the groundwork for the pebbles plat-

form in terms of system design and functionalities. For 

their realization, methodical innovations with regard to 

the underlying transactive energy concepts of LEM and 

grid services need to be developed before setting up a 

suitable system architecture.  

Local Energy Markets 

For enabling local energy trade an underlying market 

design must be developed. Available market design op-

tions affect both how bids are submitted and matched 

thus having different repercussions for the market results 

and the requirements for the system architecture includ-

ing the participants’ EMS. 

Market design options 

In the context of the pebbles project, four possible market 

designs were identified which exhibit distinct features 

differently rated as suitable for implementation (s. Table 

1). Besides two auction-based designs, peer-to-peer (P2P) 

trading envisages bilateral transactions completely re-

nouncing intermediaries. In contrast, a fully centralized 

approach envisages the economic optimization of the 

local resource allocation thereby relieving LEM partici-

pants from self-optimization and bid submission tasks. In 

the pebbles project, both auction-based options will be 

further addressed thus shifting the focus of the local 

trade’s P2P component from the economic transaction to 

the contractual agreement.  

Table 1: Market design options 

Trading process 

Regardless of the selected market design, further steps 

after the matching process need to be carried out in order 

to further ensure a reliable power supply (s. Figure 3). 

Due to the limited size and liquidity of LEM, shortages or 

surplus situations can occur. For these cases, backup 
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 Bids submitted to a central auctioneer 
 Iterative matching determines the price  
+ Time-coupled flexibility use possible 
- Convergence performance of the iterative 

matching process is unexplored 
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 Bids submitted to a central auctioneer 
 Matching based on an order book 
+ Established market design 
- Margin for strategic behaviour 
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 Bids submitted bilaterally 
 Individual matching agreements  
+ Independence from central entities 
- Potentially significant liquidity issues 
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  All information regarding the participants pro-

vided to the central optimizer 
 Centrally determined bids and matching 
+ Economic optimum guaranteed 
- Intrusive, non-transparent process 
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solutions are needed, which can compensate the mis-

matches outside the LEM, namely at the central energy 

markets. Therefore, the LEM clearing process needs to 

regard these predefined backup options for balancing 

supply and demand. Subsequently, the settlement be-

tween the involved actors (LEM participants and / or 

backup entities) is carried out finalizing the regular mar-

ket process. The process from the bids submission to the 

settlement might be repeated if, for instance, an intraday 

market follows the day ahead LEM. Finally, remaining 

physical mismatches at the time of delivery are automati-

cally compensated and must be settled a posteriori.  

Grid services 

In order to ensure a reliable grid operation, grid services 

compliant with the LEM design can be developed. In the 

pebbles project, two categories of grid services have been 

preselected for further analysis and implementation. 

Grid-oriented enhancement of the matching process 

In the first option, the LEM receives topological infor-

mation and dynamic capacity boundaries from the DSO. 

The topological information comprises the minimum set 

of data required for a proper formulation of the static 

technical grid assets boundaries as additional restrictions 

in the matching method. Hereby, a reduced network 

model differentiating, for instance, only at substation 

level instead of individual grid nodes might be sufficient.  

The dynamic capacity boundaries on the other hand are 

determined based on variable factors such as the forecasts 

for RES feed-in. They represent the capacity boundaries 

cleared for specific segments of the grid and translate 

therefore into dynamic restrictions for the volume that the 

participants are allowed to trade in the LEM. 

By enhancing the LEM’s matching method by grid-

oriented topological and capacity restrictions, the compli-

ance with operational boundaries of the distribution grid 

hosting the LEM participants is enforced.  

Grid-oriented incentives for the EMS 

The second option preselected in the pebbles project 

envisages the development of grid-oriented incentives 

overlapping the LEM prices and thus correcting the mere 

market-oriented behaviour of the participants. The basic 

idea is to equip the EMS with a function that enables it to 

forecast the voltage at its grid connection point and to 

consider the voltage-dependent incentives during the 

market-oriented self-optimization. As this grid service is 

highly dependent on the forecasting accuracy and there-

fore on the availability of sufficient historical data, the 

first option will be prioritized in the pebbles project. 

Legal-regulatory framework 

In the unbundled European context, there are a few op-

tions for smaller actors to access energy markets, where-

by LEM are not one of them. To satisfy their energy 

demand, end-use consumers can choose freely between 

utilities within retail markets. Should prosumers opt to 

commercialize their generation, they generally turn to 

market aggregators such as virtual power plants (VPP), 

who bundle numerous small DER and trade the aggregat-

ed feed-in in the wholesale markets. The framework 

conditions for this market structure are stated in the Eu-

ropean and national legal-regulatory frameworks yielding 

clearly defined roles and responsibilities for the partici-

pants. 

Introducing LEM leads to disruptive changes of this es-

tablished market structure. On the one hand, the clear 

delimitation of roles becomes increasingly difficult due to 

the redistribution of competences among utilities, traders 

and prosumers. On the other hand, transactive energy 

concepts might interfere with the unbundling-compliant 

division of the market and grid operation. The technical 

and economic advantages of coupling LEM with distribu-

tion grid services need to be weighed against the resulting 

regulatory implications.  

Against this background, the legal-regulatory issues asso-

ciated with the described transactive energy concepts will 

be addressed in the pebbles project. First, the compliance 

with the relevant laws and directives of the German and 

European context will be analysed. Second, the resulting 

legal-regulatory adjustments needed to enable a deploy-

ment of the developed concepts will be derived and 

aligned with existing visions and reform efforts.  

PRELIMINARY SYSTEM ARCHITECTURE 

Based on the specified use cases and transactive energy 

concepts, the requirements for the system architecture can 

be derived. Additionally, factors which are specific to the 

regarded environment play a role for certain system de-

sign decisions. In the pebbles project, a preliminary sys-

tem architecture has been developed which provides the 

basis for the prototypical Blockchain-based platform to 

be developed (s. Figure 4). The pebbles platform will 

contain the LEM and grid services software as well as the 

Blockchain-based transaction infrastructure. The latter 

 

Figure 3: Trading process in LEM 
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will handle selected functionalities needed for the local 

transactions, thereby enabling automated, transparent and 

tamper-proof processes.  

The deliberate containment of the Blockchain’s function 

is due to the complexity of the transactive energy con-

cepts, whose implementation will not entirely do without 

conventional centralized server structures.  

The pebbles platform will have three main categories of 

interfaces. First, the external interfaces connect the utility 

and the DSO to the platform, respectively. During the 

field tests, the participating utility will compensate the 

shortages, surplus and uncertainties in the LEM as well as 

handle all billing issues arising for end-consumers during 

the field tests. The DSO will control the processes associ-

ated with the grid services and provide infrastructural and 

technical support for the field tests. Second, the users are 

connected to the platform and thus to each other via 

Blockchain in order to communicate and store the sub-

mitted and accepted individual bids. Each user will thus 

be assigned a Blockchain node. Third, the cloud-based 

value-added services envisage, i.a., the processing of 

platform data for evaluation and visualization purposes 

and will therefore also communicate with the pebbles 

platform. Independent from the platform, additional inter-

faces will provide the cloud-based value-added services 

to the users and in turn store and process the users’ data.  

Focussing on the users, there are four main components 

that are relevant for the system architecture. The EMS 

can either be a hardware-based user-owned asset or a 

cloud-based service. In either case, it optimizes the users’ 

schedules and communicates with their local controllers 

to operate the connected assets (e.g. PV, battery, etc.). 

Furthermore, the EMS communicates with the user’s 

Blockchain node in order to submit to and receive the 

accepted bids from the LEM. The virtual users evidently 

lack the infrastructure needed for controlling the physical 

assets and thus consist of a Blockchain node and a simu-

lation tool emulating the behaviour of full-featured EMS, 

local controllers and assets.  

CONCLUSION AND OUTLOOK 

The present paper gives an insight into the pebbles pro-

ject and its preliminary findings. The main goal of the 
research project is the development of a prototypical 
Blockchain-platform for a transactive energy approach. 
Besides enabling local energy trading among end-use and 
small commercial / industrial prosumers within a regional 
market, the approach includes LEM-compliant grid ser-
vices for the observance of grid restrictions. Selected 
transaction-oriented platform functions will be imple-
mented within a Blockchain for exploiting the technolo-
gy’s potential to provide an automated, transparent and 
tamper-proof infrastructure. 
A significant share of the project’s resources will be 
dedicated to the conceptual and methodical innovations 
needed for the realization of the envisioned transactive 
energy approach. Thorough analyses, including the legal-
regulatory perspective, and comprehensive simulations 
will be carried out in order to substantiate the discussions 
relating to design decisions and implementation options.   
After developing the prototype, field tests in the All-
gäuNetz grid area will be carried out to demonstrate the 
technical feasibility of the developed concepts and derive 
recommendations for related future research and product 
development endeavours.   
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