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ABSTRACT 
 
Electricity energy generation and its supply through electricity networks is mainly organized in a top-down, 
centralized manner. Energy consumption can be predicted quite accurately at a high level, and this forms the 
basis for pre-scheduling the production by large power plants. Only few actors are involved in the generation, 
trade, and transportation of electricity, but this is changing rapidly. Renewable energy conversion (such as wind 
and solar energy, geothermal energy or as supplied by biomass systems at farms) will lead to a large amount of 
distributed and fluctuating (small) renewable energy sources throughout the grid, at homes, farms, and 
companies. The need of centralized electricity generation thus becomes more difficult to plan. This can lead to 
large problems and unstable electricity grids and therefore we have to develop approaches to deal with this 
increasing uncertainty. The use of Information and Communication Technology (ICT) and Control Technology 
(CT) will provide us many options for stabilizing electricity networks. Besides this also on the demand side new 
consumers such as electric vehicles and heat pumps (with large demand but also high flexibility or storage 
capacity) appear. The increasing share of decentralized renewable energy conservation in combination with the 
new types of consumers will drastically alter the operation of electricity systems. Smart Grids are developed by 
all major electricity distribution companies together with industry to cope with the dispersed electricity 
production by matching of supply and demand by smart ICT and CT. The future stricter sustainability demands 
will lead to offices with their own renewable energy sources and energy storage capacity. Office buildings will 
become a potential source of energy flexibility which can be offered to the grid as a Virtual Power Plant (VPP). 
In order to minimize uncertainty in the balance between energy supply and demand it is necessary to develop 
realistic user behavior, installations behavior and Smart Grid interaction. Monitoring the needs and preferences 
of users is necessary to predict future states of the demand for the SES (e.g. based on weather forecasts and user 
behavior). Automated prosumer support is needed to optimize interaction between offices and Smart grid.  
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INTRODUCTION 

Electricity is traditionally generated in large central plants and distributed throughout the country. During the last 
decades this has begun to change. More and more decentralized electricity production is achieved by means of 
wind turbines, geothermal heat pumps and photovoltaic systems. This will change bit by bit the whole 
distribution system from a strict top down system to a more bottom-up system in which user can supply 
electricity in to the distribution grid on different levels, see Fig. 1. This means that the user becomes more and 
more important for the energy planning process and should be included in the energy grid control. The 
fluctuations of demand from customers as well as possibility for the customer to generate their own electricity 
through decentralized  energy supply, results in unstable process control situations.  To stabilize the energy grid 
the user behavior must be central in both the control and   the design process itself.  

No longer is it enough to look at only the amount of energy or at exergy level (the quality level of energy). 
Rather, there is a need to look at  the flexibility of the energy source or energy use. This necessity makes 
designing more complex and unpredictable. Coping with these complex and unpredictable factors requires a 
more flexible approach in the design process.  
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Figure 1: Change from a top-down electricity supply grid to a system with bottom-up supply possibilities. 

In the Netherlands there are around 78.000 office buildings, total floor area 46 million m2 [Cloquet 2012]. 
Offices use in total around 1420 MJprimair/m2 compared to around 880 MJprimair/m2 for households in the 
Netherlands, see Fig. 2 [Cloquet 2012]. 

 

Figure 2: The average energy use per m2 for offices and for households during 2004-2010 [Cloquet 2012]. 
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Overall the electricity use as well as gas consumption of office building is slightly increasing,  in spite of the 
goal to strongly reduce it by 20% in 2020 [Cloquet 2012]. New approaches are needed to reduce the energy 
demand of existing buildings in the built environment, especially offices. Improved process control, the use of 
distributed energy resources (DER) including local renewable energy sources (RES), strongly contribute to a 
reduction in energy demand [El Bakari et al. 2009]. Fluctuations of demand as well as RES, might result in 
instability of the supply system in specific situations of electricity production, as the electrical grid has 
essentially no storage [MacCracken 2010]. Energy storage could reduce uncertainty within energy management 
and process control, in a distributed but coordinated manner on a critical scale as Local Virtual Power Plant 
(LVPP)for balancing concerns. Virtual Power Plants use software systems to aggregate supply side resources 
(such as distributed energy resources or demand response) as a way of optimising value for electricity end users 
in form of increased capacity or grid reliability regulation services whenever there is need [Asmus 2010]. The 
main research questions are: 

 What are the key aspects for uncertainty reduction of process control within Smart Grid? 
 What are the effects of adding energy storage within the nanoGrid and microGrid of office 

buildings as LVPP in Smart Grid? 
 What kind of Building Energy Management System is needed to optimize control of storage, 

adjustable loads and local energy sources within LVPP 
 Is it possible by using agent technology on different time scales to integrate smart energy 

strategies on office building level for nanoGrid & microGrid, as part of a LVPP within Smart 
Grid?  
 

METHODOLOGY 

For uncertainty reduction in Smart Energy Systems a mechanical engineering approach will be used: standard 
ASME 89.7.3.2. It describes 10 main aspects in relation to uncertainty of parameters to control the interacting 
process of Smart Grid, microGrid and nanoGrid (offices with their end users), see Fig. 2. 

 

Figure 2: Overall approach to uncertainty reduction based on ASME 89.7.3.2. 

 
To optimize the energy infrastructure in the built environment, an integral design methodology [Zeiler and 
Savanovic 2009, Savanovic 2009] based on general systems theory [Ludwig von Bertalanffy 1976, Blanchard & 
Fabrycky 2005]  and open building [Habraken 2005, Zeiler et al. 2010] is proposed. This method uses 
hierarchical functional decomposition and division into different levels to cope with the complexity of the energy 
infrastructure of the built environment, see Fig. 3:   
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 building level [possible energy supply from Smart Grid, microGrid and RES 
 room level [energy need depends on outside environmental conditions and internal heat load],  
 workplace level [workplace conditions and energy needs from appliances] and  
 human level [different comfort needs of individuals] 

 
 

 
Figure 3: Representation of the intended approaches for optimizing building interaction with Smart Grid. 

The above introduces two relatively new concepts, these are smart grid and the microGrid. A smart grid is a 
modular electricity network with enabled  multi-directional communication between sources, loads and 
components and that is often made up of a series of microgrids (European Commission, 2011). A microgrid  
defines an integrated energy system composed of distributed energy resources and multiple electrical loads 
operating as single, autonomous grid either in parallel to or ‘‘islanded’’ from the main grid [Asmus 2010].  
 
On each level of hierarchical functional decomposition described above, different possibilities for the application 
of energy storage will be researched, top-down (centralized energy generation/distribution) as well as bottom-up 
(demand driven). The process control infrastructure within office buildings is done by Building Energy 
Management Systems (BEMS). The functionality of BEMS will be extended through a middle-out approach to 
define necessary Multi-Agent System modules (MAS). A MAS module is made up of two or more intelligent 
agents1 interacting with each other to attain a common goal in a manner that is autonomous, reactive, proactive 
and considerate of social norms [Wooldridge, 1999].  
 
The function-oriented strategy of an Integral design allows various Smart Energy System’s complexity levels to 
be separately discussed and, subsequently, generate [sub] solutions for energy storage. This allows flexible 
integration of energy flows connected to heating, cooling, ventilation, lighting and power demand, within a 
building, between buildings as well as in the built environment. This leads to flexibility of energy exchange 
between different energy demands and (sustainable) energy supply on different levels in the built environment. 
Issues regarding regulations, ownership and contracts are to be solved and the foreseen trade of flexibility 
between agents requires innovative economical & legal arrangements. The innovative aspects of such an 
approach include ; 

- Dynamic energy management with the use of energy buffers on different functional levels within the 
building (nanoGrid) and microGrid 

- Offices as Virtual Power Plants with active process control of their storages, adjustable loads and RES 
to optimize their interaction with microGrid and Smart Grid 

                                                            
1 An agent is a software that continually processes the input from environment to attain desired outputs for feedback into the 
system in a manner that is autonomous, proactive and considerate of established norms [Wooldridge, 1999]. 
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- Multi-agent approach to let the system respond in an optimized way to all the changing conditions and 
situations 

- New ways of dynamic energy management of (small scale ) VPPs supported by economical models for 
nano/micro-markets and 

- New innovative legal frameworks facilitating the issues on regulation, ownership and contractual 
arrangements between the users of the building (and others). 

Instability of the electrical grid might lead to black-outs with enormous social and economic effects. To stabilize 
the Smart Grid, office buildings can act as local LVPP [El Bakari and Kling 2010], see Fig. 4. 

  

Figure 4: Modular LVPP system, and Figure 5: Scalable design of VPP system [El Bakari and Kling 2010 & 
2012]. 

LVPP can participate in the energy balancing market by employing the available RES units, storage devices and 
controllable loads (heating, cooling, ventilation, lighting and power demand) on different time scales [Pennings 
2009]. These modular and scalable LVPP can be clustered into Regional or even Large Scale Virtual Power 
Plants (RVPP or LSVPP), see Fig. 5 [El Bakari and Kling 2012].  Traditional BEMS lack intelligent reasoning to 
optimize process control [Klein et al. 2012], therefore multi-agent system will be used in addition, to cope with 
all the dynamic influences on building’s LVPP, based on concepts such as; PowerMatcher [Kok et al. 2005, 
PowerMatcher 2013] or HeatMatcher [van Pruisen et al. 2009 & 2010].  
The utilisation of new LVPP in combination with BEMS will be done in cooperation with Priva. Their BEMS 
SCADA (Supervisory Control and Data Acquisition) system, TopControl, will be extended by incorporating 
multi-agent technology. CWI will address the problem of multi-objective optimization for ecologies of 
interacting agents that represent local (energy) resources (e.g. HVAC components, control systems, storage 
devices). These agents have multiple (possibly time-varying) objectives that needs to be optimized (e.g. 
efficiency, comfort-requirements) over different time scales ranging from minutes to seasons and even years.   
The results can be implemented in new as well as in existing buildings, thus it might become one of the leading 
technologies for energy saving and control within the built environment. The potential LVPP as a business case 
depends on the balance between incomes from trade, balancing and network support services on one hand and 
the expenses for operational costs, grid and ICT on the other [El Bakari and Kling 2012].  
 
DISCUSSION AND CONCLUSION 

In Europe there are a number of on-going researches  on smart electricity distribution network solutions such as: 
Integral, flexibEL, CRISP, GREENCOM, I3RES, INERTIA, INTREPID, SMARTC2NET, SMARTHG and 
STARGRID. The main focus in majority of these projects is on the combination of physical and virtual energy 
storage capacity in and around buildings in stabilizing the Smart Grid.  However, in our opinion a key important 
component, a clear integral demand driven approach is missing. Dutch research projects within IPIN, TKI 
Switch2SmartGrids focus mainly on the electrical power engineering part of energy systems.  In the STW Smart 
Energy Systems program there are some projects with broader perspective (Personalised Climate and Ambience 
Control for Zero-Energy Buildings, Dynamic Real-Time control of Energy streams in buildings, Energy Smart 
offices).  However, these projects still have mainly an electrical engineering or mathematical perspective. We 
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intend to apply an integral approach, researching energy needs upwards from the energy need to the total energy 
generation and distribution, to look for synergetic effects within the building as well as outside of the building.  
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