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ABSTRACT 

Local energy markets (LEM) represent a user-centric ap-

proach to provide direct market access to prosumers able 

to compensate selected inadequacies associated with the 

current design of central energy markets. This paper pre-

sents four LEM design options and introduces the specific 

configurations for both an auction-based and a central co-

ordinator approach. While both approaches aim at max-

imizing welfare, they differ with regard to the role assumed 

for the LEM participants and coordinator. Finally, exem-

plary results are discussed for a test case. 

INTRODUCTION 

The liberalization of energy systems requires functional 

energy markets, which aim at improving the resource allo-

cation efficiency in power supply. The current market de-

sign envisages on the one hand the participation of a lim-

ited number of large participants and contains certain mar-

ket entry barriers such as minimum lot size, which hinder 

the market access for small and medium users such as end-

use consumers, producers and prosumers. On the other 

hand, the market entry of a large number of small partici-

pants is not envisaged by the current market design as it 

would raise scalability issues [1]. 

With a growing amount of decentralized feed-in by distrib-

uted energy resources (DER) as well as an increasingly 

flexible end-user demand due to improved observability 

and controllability options, the share of generation and 

flexible demand not directly included in market activities 

increases. This can lead to distortions of the market-based 

resource allocation and thus to a decrease in social welfare. 

In addition, investments in new distributed assets such as 

decentralized storage systems and photovoltaic units can 

decrease, since potential investors don’t have direct access 

to market-based incentives and public subventions have 

been reduced [2]. 

Finally, the current market design is based on the premise 

of an adequate infrastructure able to handle all market-

based activities without the interference of network opera-

tors. Grid congestions and corresponding counter 

measures have however been increasing, which triggers 

discussions with regard to possible market-based contribu-

tions to a preventive congestion management [3].  

Acknowledging a growing penetration of DER and flexi-

ble end-user demand by introducing suitable strategies to 

engage small and medium prosumers is therefore an im-

portant task for future energy systems. This paper intro-

duces local energy markets (LEM) as an option for grant-

ing prosumers direct market access taking the current mar-

ket’s design inadequacies into account.  

PROSUMER ENGAGEMENT  

Prosumer engagement in general has three requirements:  

 the prosumer’s assets and electrical behavior 

must provide a minimum level of flexibility 

 the observability and controllability of the 

prosumer’s flexibility must be enabled, e.g. by an 

energy management system (EMS) 

 a mechanism for exploiting the prosumer’s flexi-

bility potential must be available, e.g. markets, 

tariffs, bilateral contracts 

There are currently two main economically oriented en-

gagement options available to prosumers. They can either 

control their assets to optimize self-consumption (no mar-

ket access) or grant market aggregators the right to monitor 

and control the assets, e.g. for marketing purposes (indirect 

market access). LEM offer a new engagement option by 

enabling energy trading between prosumers (direct market 

access) (s. Figure 1). 

 
Figure 1: prosumer engagement options 

Current engagement approaches 

Aggregators engage small- and medium-scaled prosumers 

coordinating their aggregated feed-in and selling it in the 

central energy markets [4]. The corresponding contractual 

basis generally envisages a fixed compensation for 

prosumers by the aggregators who thus don’t pass along 

the market-based incentives.  

The current legal-regulatory framework in Europe, in par-

ticular in Germany, incentivizes prosumers to optimize 

self-consumption due to the high share of taxes and fees 

comprised in the final energy price. Self-consumption is 

considered to be a potential measure to relieve electricity 

grids facing an increased probability of congestions due to 

an increased simultaneity, e.g. in the feed-in from photo-

voltaic (PV) units or in the charging process of electric ve-

hicles (EV) [5].   
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Direct market access through LEM 

The prosumers’ flexibility potential could also be used for 

local energy trading among prosumers. A direct market ac-

cess embeds DER in a market-based allocation process, 

which generally bears the potential of increasing social 

welfare [6]. It further exposes prosumers to undistorted 

market-based incentives, which can have a positive impact 

on their future investment behavior therefore contributing 

to a continued deployment of DER. 

By confining the LEM to a geographically delimited area, 

the energy balance in the regarded area is promoted. 

Thereby, the concept of individual self-consumption is en-

hanced to the regional level potentially reducing the trans-

mission needs and thus yielding a relief for transmission 

grids. 

There are several alternatives for designing LEM, which 

can have a very different impact on the LEM’s effective-

ness in increasing welfare and regional self-consumption. 

Hereafter, four identified market design options will be 

presented and discussed. 

LEM DESIGN OPTIONS 

For the considered LEM design option, two major roles are 

required, namely prosumers as the group trading energy 

and a LEM coordinator, who operates the market place 

without getting involved in the energy trading itself. Four 

business models can be considered that can be categorized 

in auction-based and non-auction based market designs (s. 

Figure 2).  

Auction-based designs 

Auction-based designs comprise the individual determina-

tion of the participants’ bids and ask and the subsequent 

matching by a LEM coordinator. 

Quantity bids 

LEM auctions based on quantity bids enable prosumer en-

gagement through the placement of bids and asks. The bid-

ding process grants direct market access to all prosumers. 

The bids and asks contain only the amount of energy being 

offered or demanded. With the LEM coordinator determin-

ing the market prices, the bidding process for prosumers is 

kept simple. The EMS can optimize the profit margin 

based on the current LEM market price, which results in 

operational schedules for the prosumer’s controllable as-

sets. Thereby, time-coupling constraints relevant for the 

flexibility use can easily be taken into account. Welfare 

maximization in this design option is reached through the 

market coordinator, who adjusts the prices in an iterative 

process until the equilibrium price is found.  

Price-quantity bids 

Platforms based on price-quantity bids do not require an 

iterative approach, since additional information is con-

tained in the prosumers’ bids. Along with the energy 

amount offered or demanded, the prosumers’ valuation 

and flexibility potential also needs to be communicated to 

the LEM coordinator. Generally, this requires combinato-

rial bids on the basis of which the matching as well as equi-

librium prices can be calculated through a MILP by the 

coordinator.  

However, calculating combinatorial bids is a rather com-

plex approach and potentially leads to prosumers ineffi-

ciently representing their flexibility potential in their bids. 

Thereby, certain simplifications must be undertaken such 

as renouncing the consideration of time-coupling con-

straints in the determination of the flexibility use.  

 

Figure 2: LEM design options 

Non-auction based designs 

Covering the bandwidth of design options for LEM, both 

a fully decentralized (P2P) and centralized approach will 

be described in the following.  

P2P trading  

In both auction-based concepts, the coordinator takes over 

some major tasks in order to maximize social welfare. In 

contrast, prosumers negotiate prices and quantities indi-

vidually in P2P based designs. While all design options en-

able prosumers to exchange energy in a P2P manner, only 

the one based on bilateral negotiations also envisages a 

P2P trading approach. In this case, the coordinator only 

delivers the necessary digital infrastructure needed for car-

rying out the negotiations and could possibly also step in 

as a regulating institution.  

The numerous degrees of freedom offered by bilateral ne-

gotiations with a large number of prosumers can lead to 

individual price arrangements, which can significantly dif-

fer from market-based equilibrium prices. Therefore, nei-

ther overall matching nor social welfare maximization can 

be guaranteed in a negotiation-based approach.  
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Central coordinator 

The central coordinator takes over all tasks within the 

LEM in the final design option. In order to maximize so-

cial welfare and find the equilibrium prices, prosumers 

need to provide all individual information regarding their 

assets and behavioural flexibility to the coordinator. This 

entails giving access to the individual monitoring and con-

trol systems for loads and DER.  

Despite the key advantage of a central coordinator of guar-

anteeing social welfare maximization, active prosumer en-

gagement cannot be achieved in this option. Since the in-

dividual schedules are determined centrally, participants 

do not engage in active trading activities. This option 

would therefore be more accurately categorised as an indi-

rect market access approach. 

MARKET DESIGN CONFIGURATION 

Due to the advantages of the quantity bids approach asso-

ciated with the efficient use of distributed flexibilities, a 

detailed configuration of this design option was mathemat-

ically modelled and implemented in a simulation frame-

work. In order to enable an assessment of its social welfare 

maximization performance, the market design based on a 

central coordinator was also implemented as a benchmark 

case for determining the theoretical potential. 

Design premises 

Besides the abovementioned basic design features of auc-

tion- and non-auction based approaches, a set of premises 

must be defined before developing a detailed configuration 

of the LEM design. 

LEM products 

While numerous business models can be pursued with 

LEM, this paper focuses on social welfare maximization 

in the context of economically oriented energy trading. 

Consequently, the LEM products considered are discrete 

energy products quantified in kWh. 

Clearing 

Subjecting LEM to local balancing obligations would im-

ply that sufficient flexibility should be available to com-

pensate liquidity issues at all times. This could however 

require a significant, possibly oversized investment in dis-

tributed assets. As an alternative, aggregators such as VPP 

and utilities could provide the backup energy needed for 

clearing the LEM and guaranteeing the local energy bal-

ance by interacting with the central markets. This backup 

instance must be regarded in the configuration of the mar-

ket clearing and prosumers’ bidding strategies. 

Price range 

With regard to the costs, it is assumed that all generation 

costs are zero and aggregator prices are constant over time 

and equal for all LEM participants, due to market effi-

ciency in the retailer market.  

Further, from a prosumer point of view, the energy bought 

has a higher price than the energy sold to the backup enti-

ties. This assumption is based on the taxes, statutory fees, 

aggregators’ margins and grid fees included in the end-

user consumption price. As a result, the LEM prices will 

be situated between the upper limit set by the demand-side 

backup entity (e.g. utility) and the lower limit set by the 

generation-side backup entity (e.g. VPP). Otherwise, LEM 

participants would replace their LEM transactions with 

contractual agreements with the backup entities. Against 

this background, adjusting current fees and taxes could 

manipulate the LEM behavior in a profitable way form a 

system perspective. For instance, by exempting LEM par-

ticipants from a share of the taxes and fees could increase 

the energy volume traded in LEM.  

Time horizon for trading 

Analogously to the central markets, different time horizons 

can be assumed for local energy trading. While short-term 

trading has the advantage of reducing volume uncertainties 

associated with generation and load forecasting inaccu-

racy, it limits the flexibility potential and consequently the 

liquidity in the LEM. In order to consider a significant 

share of the prosumers’ energy in the LEM, a day-ahead 

trading horizon is thus selected. Thereby, LEM partici-

pants submit their bids for all discrete time slots of the next 

day’s trading period.  

Configuration of the quantity bids approach 

The configuration of the auction-based approach com-

prises determining calculation methods for the prosumers’ 

bids and the LEM price signal as well as defining a strategy 

for reaching market balance at all times. 

Calculating the quantity bids 

The quantity-based auction is a user-centric approach, 

whereby the market participants’ goal is to maximize their 

individual profit margin while covering their energy de-

mand. The profit margin results from the profit obtained 

by either selling the energy at the LEM or by the backup 

entity’s financial compensation minus the supply costs 

owed to either the LEM or the backup entity. Self-con-

sumption is assumed to neither generate supply cost nor 

profit.  

When determining the individual bids to the LEM, the 

prosumer’s optimization must therefore consider the self-

consumption and backup energy options as well in order 

to obtain the overall optimal solution. Additionally, the 

technical restrictions related to the uncontrollable load and 

generation as well as to the controllable assets must be 

taken into account (s. Figure 3). For solving the prosumer’s 

optimization problem, a mixed integer linear programming 

(MILP) approach is applied.  

Calculating the LEM prices 

For solving their individual optimization, prosumers re-

quire price signals. While the backup energy prices are as-

sumed to be (contractually) predefined and self-consump-

tion prices are zero, the LEM prices adjust themselves ac-

cording to the bids in an iterative process. A valid starting 
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price is provided to the participants for their initial bids. 

Subsequently, the LEM coordinator lowers or raises the 

price based on the participants’ aggregated residual load 

trying to minimize it. The residual load results from asks 

minus bids placed at the LEM. When the prosumers’ flex-

ibility options to minimize the residual load are exhausted, 

the equilibrium prices for the regarded trading period are 

reached. For the iterative price adjustments through the 

LEM coordinator sub-gradient methods are applied.  

 
Figure 3: Iterative auction approach based on quantity bids 

Guaranteeing the market balance 

The modelled bids matching process based on adjusted 

price signals might lead to unbalanced market situations if 

the participants have sufficient flexibility. In the corre-

sponding time slots, supply exceeds or is below the de-

mand even though the LEM coordinator has already 

reached the minimum or maximum LEM price, respec-

tively. Reaching the limit prices implies that there is no 

opposing flexibility left and that the oversupply or -de-

mand cannot be compensated in the LEM. 

To solve these situations, a heuristic approach is applied. 

Thereby, the LEM coordinator forcingly equates supply 

and demand and “closes” the affected time slots for all fol-

lowing iterations. Consequently, the participants are obli-

gated to shift their flexibility to the remaining time slots, 

use it for self-consumption or provide it to the backup en-

tities. Through the iterative reduction of the time slots 

available for trading, convergence for the matching pro-

cess might be delayed but is guaranteed for each time slot.  

Configuration of the central coordinator 

In contrast to the auction-based approach, the central coor-

dinator consists of a single optimization problem instead 

of separate components. It is formulated as a MILP. The 

individual prosumer optimization problems are thereby 

merged (s. Figure 4). As a result, the central coordinator 

has all information needed to maximize the social welfare 

by optimizing the resource allocation. Consequently, the 

individual shares of self-consumption, local exchange and 

backup retrieval or feed-in are determined centrally. The 

local trade consisting of a bids submission and matching 

process is thereby replaced by a central optimization 

providing binding schedules to each prosumer. 

Considering that the backup entity prices are by definition 

the limit prices for self-consumption local energy trading, 

the LEM aims at maximizing the amount of energy ex-

changed locally by means of self-consumption or local en-

ergy trading. Therefore, the comparison of the social wel-

fare between the LEM and the central coordinator ap-

proach relates to the respective locally exchanged energy 

volumes. 

 
Figure 4: Non-auction approach based on a                          

central coordinator 

PRELIMMINARY RESULTS 

An exemplary application of the developed tools is carried 

out to compare the different prosumer engagement op-

tions. For the assumed test case, the options “self-con-

sumption”, “LEM” and “central coordinator” are calcu-

lated. A subsequent sensitivity analysis envisages varying 

the dimensioning of the prosumers’ storage systems in or-

der to derive insights into the role of flexibility in prosumer 

engagement approaches. 

Test case 

The selected test case consists of 50 prosumers, each 

equipped with a PV unit and a battery storage system 

(BSS) and enabled to carry out self-consumption, local en-

ergy trade and retrieve / sell energy to backup entities. The 

participants are confined to a geographical area and thus 

having similar feed-in profiles for their PV units.  

In contrast, the load profiles are generated with a probabil-

istic tool that takes into account not only typical appliances 

combinations and consumption patterns for end-users but 

also the statistical variability in the usage of the appliances. 

As a result, the time distribution and amount of the energy 

demand is specific to each user. In total, the local con-

sumption and generation amount add up to 283 𝑘𝑊ℎ each 

(s. Figure 5).  

 
Figure 5: Power demand and supply over all Prosumers 
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The resulting positive residual load limits the potential for 

regional self-consumption in the morning, amounting to a 

theoretical maximum of 70% . 

Simulation results 

The comparison of the three prosumer engagement ap-

proaches will focus on the respective potential to maxim-

ize the regional self-consumption and thus increase the lo-

cal resources’ allocation efficiency. For this purpose, the 

term “independency” 𝐼 is introduced for the “LEM” and 

“central coordinator” options and defined as the energy 

traded at the LEM 𝐸𝑃
𝐿𝐸𝑀   added to energy used for self-

consumption ∑ 𝐸𝑃
𝑆𝐶

𝑃  divided by the local energy de-

mand 𝐸𝑃
𝐷 aggregated for all prosumers 𝑃. 

𝑰 =
∑ 𝑬𝑷

𝑳𝑬𝑴 + ∑ 𝑬𝑷
𝑺𝑪

𝑷𝑷

∑ 𝑬𝑷
𝑫

𝑷

 

The independency level is calculated for eight configura-

tions of the test case which differ with regard to the re-

garded flexibility level represented by the respective BSS 

dimensioning. The BSS capacity is varied between 0 kWh 

and 140 kWh. The BSS maximum charge and discharge 

power is varied between 0 kW and 70 kW. The flexibility 

levels represent an incremental increase of both the capac-

ity and the power for all prosumers in seven steps. 

 
Figure 6: Comparison of independency under variation of the 

prosumers’ flexibility potential 

The “self-consumption” option, where the additional pos-

sibility of local energy trade is excluded, represents the 

minimum amount of independency that can be reached by 

the 50 prosumers. It varies between 33 % for the case 

where prosumers have no BSS and 62 % for the largest 

BSS dimensioning parameters (s. Figure 6). A degressive 

increase can be discerned, which substantiates the fact that 

investing in larger BSS contributes to self-consumption 

only up to the point where it provides time-shifting flexi-

bility to the share of the demand and generation that can 

actually be shifted. Weather- and cosumer-dependent re-

strictions render a significant share of the prosumer’s en-

ergy invariable and therefore incapable of making use of 

the BSS’ flexibility.  

A similar degressive curve progression characterizes the 

results for the “LEM” and “central coordinator” options. 

For the “central coordinator” option, the saturation level 

for the flexibility potential provided by BSS is reached for 

dimensioning parameter of 93.4 𝑘𝑊ℎ and 53.6 𝑘𝑊. 

In absolute terms however, the two options allow for 

higher independency levels. The “central coordinator” op-

tion represents the maximum level of independency that 

can be reached, as it guarantees optimal results for the lo-

cal resource allocation. In this case, the independency 

ranges from 39 % to 70 %. The slightly lower independ-

ency levels reached in the “LEM” option are due to the 

heuristic approach, which guarantee the market balance 

but not necessarily the allocation optimality. 

CONLUSION AND OUTLOOK 

The present paper introduces local energy markets as an 

option for providing direct market access to prosumers. By 

providing user-centric business models, social welfare can 

be increased for LEM participants and regional consump-

tion could prove to be a viable option to relieve increas-

ingly congested transmission grids. 

Different market designs options were discussed and the 

specific configurations for both a central coordinator and a 

quantity bid based approach were presented. Exemplary 

results show that both approaches have a similar potential 

to increase regional self-consumption. 

Further research will focus on improving the current heu-

ristic approach as well as on the introduction of diversified 

energy products. 

ACKNOWLEDGEMENTS 

This research has been conducted in 

the context of the project “pebbles – 

Peer-to-peer energy trade based on 

Blockchain technology”. pebbles is 

funded by the Federal Ministry of Eco-

nomic Affairs and Energy within the funding initiative 

„Smart Service Welten II“. The partners are Siemens AG, 

AllgäuNetz GmbH & Co. KG, Allgäu Überlandwerk and 

the University of Applied Science Kempten. 

 

REFERENCES 
[1] P. Cameron, 2002, Competition in Energy Markets: 

Law and Regulation in the European Union, Oxford 

University Press, Oxford, UK 

[2] M. Key, 2016, "Electricity markets are broken – can 

they be fixed", Oxford Institute for Energy Studies, 

EL, vol. 17 

[3] EG3 of the Smart Grids Task Force, 2015, "Regula-

tory Recommendations for the Deployment of Flexi-

bility", Brussels 

[4] M. Othman et al., 2015, "A Review of Virtual power 

plant Definitions, Components, Framework and Opti-

mization", IEEJ. vol. 6 No. 9, 2010-2024. 

[5] CEER, 2017, "Guidelines of good practice for the 

flexibility use at distribution level", Consultation pa-

per 

[6]  E. Mengelkamp, 2017, "A Blockchain-based smart 

grid: towards sustainable local energy markets", 

Computer Science – Research and Development. vol. 

33. Issue 1-2. 207-214 


