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Abstract Smart low-voltage grids support the successful integration of Renewable Energy 

Sources at the neighbourhood level. Bidirectional energy management systems may support 

the automated exploitation of load shifting or virtual storage potentials in low-voltage 

grids[1]. Recently, more sophisticated approaches to load management in smart grids aim to 

use weather-predictive controls and wide area load management [2]. One of the wide area 

load management approaches is Demand Side Management. It intends to improve the energy 

system at the consumption side [3].  

This paper describes a prototypical implementation, which calculates optimal load shifting 

profiles for a group of buildings, in a neighbourhood context according to the following 

management priorities: 1) Local Distributed Energy Resources surplus compensation in the 

neighbourhood; 2) Cost effective load shifting following electricity price; 3) Peak load 

shaving in the local electricity grid. This prototype implements an emergency load reduction 

and energy monitoring use case through the OGEMA (Open Gateway Energy Management 

Alliance) platform. The prototype supports the evaluation of the optimal integration of 

renewable energy sources, actual contributions of demand response as well as load shifting 

management. To determine the effectiveness and applicability of the optimisation approach, 

two criteria are taken into account: On the one hand the quality of optimisation of the on-site 

use of energy provided by intermittent power sources and on the other hand the utilisation of 

the production peaks in the electric grid which may not coincide with the on-site production. 
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1. INTRODUCTION 

Much has been done in the last years towards smart grids and the successful integration of 

Renewable Energy Systems (RES). One approach has been the automation of low voltage 

distribution grids. Bidirectional energy management systems may support the automated 

exploitation of load shifting or virtual storage potentials [3]. Furthermore, bidirectional data 

communication allows the information exchange between the smart meters and the grid-user. 

Consequently the grid-user gains the prospect to individually maintain energy consumption in 

a cost effective and grid supporting way. Multiple smart grid research projects, including field 

tests and demonstrations, have been carried out in Europe in the last years. Extensive reviews 

of such projects are provided, for instances, by the Joint Research Centre of the European 

Commission [4], the EERA (European Energy Research Alliance) Joint Programme on Smart 

Grids [5], and the European Union FP7 project IREEN [6]. 

 

The EEPOS project [7] an energy management platform provides a contribution to the on-

going automation of distribution grids. The EEPOS supervisory and predictive control 

applications have been designed such that energy management within a neighbourhood can be 

carried out in a semi-centralised way. This means that energy management can be performed 

on two levels: neighbourhood and building. Centralised (neighbourhood) management is 

performed in order to enable efficient utilisation of local RES and support the local electricity 

grid. An overview of the system can be seen in Figure 1, it’s backbone are open source tools – 

the Open Gateway Energy Management Alliance (OGEMA) framework for building 

automation, the OpenJEVis database for pre-processing and storing energy data, as well as the 

Mule Enterprise Service Bus (Mule ESB) to connect different OGEMA instances to the 

database, as well as to support external services and further applications. 

 
Figure 1: Overview of the EEPOS Platform 
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Within the EEPOS project, a central ICT platform along with several supporting tools have 

been implemented and tested. This paper describes a prototypical tool implementation, which 

calculates optimal load shifting profiles for a group of buildings, in a neighbourhood context. 

2. RELATED WORK 

Previous applications of building automation technologies have a smaller scope, and a great 

complexity [2]. Recently, more sophisticated approaches aim to use weather-predictive 

controls and wide area load management [2]. Demand Side Management (DSM) is one wide 

area load management approach, widely discussed in the last years. It aims mainly to improve 

the energy system at the side of consumption [3]. DSM are vast and may include improving 

energy efficiency by using better materials, introducing smart energy tariffs with incentives 

for certain consumption patterns, and sophisticated real-time control of distributed energy 

resources [3]. Palensky gives an overview and a taxonomy for DSM. It categorizes DSM 

based on the timing and the impact of the applied measures on the customer process, into the 

following: 

 Energy Efficiency, 

 Time of Use, 

 Demand Response, and 

 Spinning Reserve. 

 

Energy Efficiency (EE), as defined by Palensky, is related to all permanent changes on 

equipment (e.g., exchanging an inefficient ventilation system with a better one) or 

improvements on the physical properties of the system (e.g., investing in the building shell by 

adding additional insulation), which result in immediate and permanent energy and emissions 

savings. It also includes measures that focus on users and behavioural changes to achieve 

more efficient energy usage. 

Palensky stated that, time of use (TOU) tariffs make prices dependent of the time period of 

consumption. Certain periods of time are penalized with a higher price. Consequently 

processes at the customer side are rearranged in order to minimize costs. 

Demand response (DR) attempts to influence the consumption patterns by interrupting and 

restarting building processes (for example a water pumping with storage system, which can be 

interrupted for 30 minutes). A so-called “rebound effect” (or payback) may take place. 

Consequently an increase in energy consumption can typically not be avoided and 

furthermore can even a new peak is generated [3]. 

Spinning Reserves (SR), in this context, is defined as primary (active power output directly 

depends on frequency) and secondary control (restoring frequency and grid state with 

additional active power). This task is typically performed by the regulation power plants. It is 

based on the idea that devices use less power if frequency drops [3]. 

3. METHODOLOGY 

A modular approach was chosen, since EEPOS tools were independent of each other and 

consequently easing development. As central element, a database connects the individual 

building energy management (BEMS) systems via the ICT platform. The database stores all 
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relevant data used for the different tools, including data from source outside the 

neighbourhood, e.g. weather forecasts or requests from the distribution system operator for 

demand response. 

 

In a neighbourhood which is equipped with an EEPOS energy management system, all 

communication between buildings and the neighbourhood level goes through the 

Neighbourhood Automation System which is based on OGEMA (cf.[8]). The aim of the 

OGEMA data model is to be able to represent all kinds of data that need to be exchanged 

between applications, drivers and user interface applications in the fields of smart grid and 

smart building. For this, the OGEMA data model defines standardized resource types for 

modelling of application data [8]. As a consequence OGEMA realizes an interface-less 

interoperability of the different applications /functionalities and stakeholders.  

Electric load management pursues technical aims of the EEPOS project: 

 Maximum utilisation of local DER in the neighbourhood 

 Electricity market support (balancing market) 

 Distribution grid support 

o Congestion management 

o Peak load shaving 

o Voltage management, optional 

o Phase balance, optional 

The first and third points lead to reducing electricity transmission and distribution losses. 

Thus the Neighbourhood Automation System contributes also to reduction of energy 

consumption through reduction of losses in electricity grids. 

4. PROTOTYPE DEFINITION 

The prototypical application provides structures to interface data from OGEMA to the open 

source monitoring system openJEVis (referred to as JEVis. JEVis is specialized in and has a 

background of energy monitoring, energy auditing and benchmarking. As such it provides 

functionality such as snapping time samples, interpolation, aggregation, validation, alarming 

and offering the monitoring data through web interfaces such as soap/wsdl. Its modular java 

based structure allows expanding and adopting its functionality to the specific requirements. 

The to be stored data is of various nature such as monitoring data from meters, forecasts of 

other applications as well as energy prices and weather forecasts from external providers. The 

application thereby allows evaluating historic neighbourhood performance.  

 

This chapter describes the particularities of connecting OGEMA and JEVis caused by their 

different architecture, as well as how OGEMA types are enriched with meta data that are 

required to provide JEVis functionality. The application specification required deep insight 

understanding of both systems. 
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As JEVis and OGEMA share some common data types, some OGEMA resource classes can 

be directly mapped to JEVis types one to one such as e.g. OGEMA MeteringData.ElMeter to 

JEVis Power or OGEMA WeatherData.SolarIrradiation to JEVs Irradiation. This is mapping 

is straight forward as the exemplary OGEMA classes are of type FloatResource having a 

nature of one value per time stamp only. However, OGEMA also has Forecast / Schedule 

types also that contain multiple values at specific points in time that need special attention 

when it comes to storing those in JEVis. Precisely a forecast of e.g. solar irradiation or 

neighbourhood electric energy consumption are calculated for the next 24 hours in intervals of 

15 minutes (1 minute for irradiation). The form vectors / lists for each time interval. To allow 

the calculation of prediction errors during evaluation these historical forecasts need to be 

archived in JEVis.  

 

JEVis is meant to store one value per timestamp for each object (e.g. temperature sensor) 

only. The reason behind this lies in JEVis’ history and main use in storing monitoring data 

that consist of single measurements per sensor channel. To overcome this, the following 

strategies were identified ordered by expected implementation effort: 

1. Lossy data compression (e.g. mean, only first or last value) 

2. Create one object per forecast (e.g. powerforecast201401011500) 

3. Conversion of multiple values into one string (e.g. [33.0 34.4 35.4 12.5 0 …]) 

 

Instead of storing all forecast values, option 1 compresses the amount of samples to be stored 

so that it can be stored into a JEVis compatible size. This can be achieved by calculating 

either a mean, storing only the first or last value. Due to the method’s nature, some data is lost 

that reduces later uses in evaluating historical performance. 

 

Option 2 stores each forecast in a separate JEVis object that contains one set of forecast 

values (e.g. 24 samples for each hour). The information at what time the forecast was 

calculated can be stored in the name such as e.g. powerforecast201401011500. This method 

would allow storing virtually unlimited values per forecast with the drawback of creating a 

sprawl of objects (e.g. 24 for each day resulting in 8760 objects a year for each forecast). As a 

result this method is to be avoided as it would increase the amount of objects and in turn the 

size of JEVis’ object registry massively. This would cause performance issues especially in 

JEVis2 that requires the complete registry for most operations. The next version of JEVis 

currently in development will address this issue by working on isolated parts of the registry to 

increase performance with larger object registries. 

 

The last option is possible due to the fact that JEVis allows also to store strings of size 4000 

characters (mysql varchar(4000)) in addition to real numbers. This fact allows storing a 

limited amount of forecasts in the form of: 

 2014-01-01 15:00:00 = [33.0 34.4 35.4 12.5 …] 

 2014-01-01 16:00:00 = [33.5 34.4 38.4 12.5 …] 

 2014-01-01 17:00:00 = [34.0 35.4 32.4 12.5 …] 
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The maximum count of forecast values can be estimated by n*(Lv+Dp+2) = 4000 with n 

being the number of samples, Lv as the count of digits of the largest value of measurements 

(e.g. 550=3), Dp as the decimal precision and the constant 2 for the extra characters required 

(comma separator and space character). Irradiation forecasts have the highest number of 

samples and most digits (e.g. 1010.52W/m²) which results in a maximum of 

n=4000/(4+2+2)=500 samples, which translates to 20 samples / hour for forecasts of one day. 

In reality the values would be smaller (especially through the cycle of a day) thus allowing 

more samples an hour but minute resolution cannot be guaranteed. 

 

Concluding, the option to use lossy data compression is also dropped as it limits later 

evaluation of data. The option to create one object per forecast is dropped due to the excessive 

object sprawl and resulting performance degradations. As a result the option to convert 

multiple values into one string is used with the limitation of having up to 400 samples for 

8 digit forecast at maximum for e.g. energy readings. 

 

In order to provide certain functionality such as checking or snap to grid, JEVis requires those 

functionalities to be configured with additional information. Snap to grid moves and 

interpolates where necessary samples that are e.g. off a few seconds (can be specified) to the 

full minute. This is necessary should the data acquisition cause some time offset between 

readings and therefore causes readings that are not perfectly aligned to each other. As 

OGEMA does not provide the required information explicitly it needs to be specified 

beforehand. To simplify the process, a set of global settings and type specific sensible values 

are defined. Global setting are convention that display unit is the same as the physical unit, 

gradients and offsets are not effective, snap to grid tolerance equals 900s and the maximum 

gap that is interpolated is 1800s. This is a result of the default 15 minute interval. 

 

The following table shows the remaining, individual information that is required for each 

OGEMA class with values identified for the EEPOS use case e.g. prices are energy unit prices 

and therefore unlikely to go above 100€ or below 0€. Where there is no reasonable process 

maximum or minimum it will not be used but a plausible value instead to indicate that the 

value could be correct but should be investigated. The price currency unit is set to be € to 

cover demonstrators located in Finland, Spain and Germany.  

 

Type Unit Type 

ID 

Process 

Max 

Process 

Min 

Process 

PlausibleMax 

Process 

PlausibleMin 

Name 

e.g. 

Power kW 8 - - 1000000 -1000 P_Tot 

Intensity W/m2 1229 5468 -100 2734 0 I_Sol 

Temperature K 10 1000 -100 100 -50 T_AMB 

Price € 1331 - - 100 0 Price_E 

Adaptation 

Request 

1 19 - - 1 -1 El_AR 

Table 1. OGEMA classes necessary for the EEPOS use case. 
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The parameters are matched by the type; as a result each type shares the same parameters. To 

have a finer control of parameters the information would need to be provided through 

OGEMA on an individual basis.   

The described mapping of resources, the methods for dealing with forecast and schedule 

resources, as well as the definition and identification of sensible meta data form the basis for 

the monitoring prototype to allow for evaluation of performance of the described EEPOS 

platform. 

5. CONCLUSIONS 

This paper reports the methodology for development of applications for the EEPOS 

Automation System. Furthermore, it specifies a database monitoring application which has 

been implemented within the EEPOS project. For more complex neighbourhoods, further 

applications are needed. For example, for the case of a neighbourhood with PV systems an 

additional application, PV generation forecast calculation app, would be necessary. This 

application would then support the optimal load shifting planning application with data on PV 

generation. 

The application described in this paper, is currently being tested in a neighbourhood with PV 

systems as the only RES-E. Further test are necessary to determine the applicability and 

scalability of the solution. For other RES-E, like wind turbines, additional applications may 

have to be developed. 
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