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SUMMARY

 This paper introduces the energy-positive adaptive street lighting (E+grid) concept, a novel outdoor lighting system comprising state-of-the-art adaptive LED luminaries equipped with motion sensors, integrated with photovoltaic (PV) energy generation, battery storage, bi-directional grid connection, and a cloud-deployed central controller with a web-based user interface. E+grid is designed to be self-sustaining: the energy generated by the PV panels exceeds the energy consumption of the luminaries on a one-year horizon. The paper reviews the key system components and reports experiments to calculate the yearly energy and financial balance in the system.
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1. INTRODUCTION

This paper gives insight of energy-positive street lighting (E+grid) system. This is a new outdoor lighting concept being developed by GE Lighting and Hungarian Academic Research Institutions.

The core of the system is the intelligent outdoor lighting which automatically adapts to actual environmental conditions. Becoming brighter in the case of traffic and dimming otherwise. This is possible due to sensors being integrated into the lighting system. Real-time data are transmitted to a central management system, providing information on type and density of traffic, the status of light points, energy consumption and maintenance needs.

The street lighting is also integrated with solar energy generation and energy storage. The total system is connected to the smart grid. Performance of the units will be monitored and reported by smart meters that provide feedback for remote control decisions.

2. Architecture of the E+grid system.
The core components of the system are the intelligent dimmable LED luminaries which adapt the amount of generated light automatically to the actual environmental and traffic conditions, using motion sensors mounted into or nearby the lighting fixtures. Street lighting is integrated with solar energy generation and battery storage, and the system is connected to the national grid. The performance of the units is monitored by smart meters that provide feedback for remote control decisions. The signals of the photo-electronic switch in the local weather station are used to determine the daily switch on and switch off times of the streetlighting. The weather station also measures six further weather parameters, which serve as input to the short-term prediction of the PV energy production and the performance evaluation of the energy management system. All system components transmit data to a central computer, providing information on the status of the light points, the energy flow in the system, traffic intensity, and maintenance needs via a web-based graphical user interface. The architecture of the system is depicted in Figure 1.
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 Figure 1. Architecture of the E+grid system.
3. ENERGY MANAGEMENT SYSTEM
E+grid is designed to be self-sustaining: the energy generated by solar panels exceeds the energy consumption of lighting on a yearly basis. Seamless connection of the ICT-based system to the smart grid will enable communities to become a player in electrical energy market.
E+grid delivers cost savings and extra revenue in several ways:

· by powering street lighting with solar energy stored in batteries
· by feeding solar energy into the electricity grid
· by trading with electricity via exploiting actual variable energy tariffs.
· E+grid also contributes significantly to the reduction of CO2 emission, and to stabilizing the electrical grid by cutting peaks and filling valleys.
4. ADAPTIVE LIGHTING SYSTEM
The E+grid system achieves adaptive, energy-efficient lighting by adopting state-of-the-art, dimmable LED luminaries. The mounting heights, luminous flux and distribution of the luminaires were carefully selected to fit to the visual needs of the users. The area was divided to two scenarios. One of them represented a reduced speed mixed motorised and pedestrian traffic, while other is made of footpath.

The fittings are capable adjust their lighting intensity with respect current traffic and environmental conditions. Infrared motion sensors, mounted into the lighting fixtures on each pole, measure the speed and the direction of the motion. Smart controllers classify these motion signals as vehicle traffic, pedestrian traffic, or no traffic, and adjust their dimming levels to the detected scenario. However, luminaries are not isolated; they inform their neighbours about the detected traffic scenario via wireless communication, enabling the long-range adaptation of the lighting service despite the fact that the motion sensors that are dependable only on a shorter range (e.g., 10 neighbours are switched to full intensity in case of vehicle traffic, 4 neighbours in case of pedestrian traffic). The neighbourhood matrix is initialized based on GPS positions at the time of deployment, and it is further refined and maintained based on traffic characteristics using machine learning techniques. Hence, the real-time control of the lighting system is achieved by distributed intelligence, eliminating the dependence on communication with a central controller. 

At the same time, luminaries are monitored and controlled by the central computer. All historic data about the operation of the luminaries become accessible to human operators via a web-based graphical user interface. The dimming levels calculated from motion sensor signals can also be overridden by setting a fixed dimming level, or by defining a dimming schedule on this interface in case of special event on the site. 

Adaptive lighting reduces efficiently further the energy consumption of the outdoor lighting system, especially in case of deployment sites with low traffic during the night, such as residential areas or industrial parks.
5. RESULTS

Energy-saving by the adaptive system is proved by measurement. Figure 2 shows a typical night measured energy use compared to the built-in nominal energy demand. The saving is 55,7%.
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Figure 2. Energy use of the lighting during a typical night compared to the nominal power demand
The energy flow between demand of lighting, the photovoltaic panels, the battery and the national grid is managed by the central computer and based on multilevel factors, like predicted demand lighting system, predicted generation by PV panel base on weather forecast, the charge level of battery and actual price of the electricity. The energy management of a typical day is demonstrated on Figure3.
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Figure 3. Energy management in real use
The results of the system on the test site are self-explanatory.

· E+grid generated already 22,5 MWh electricity

· Reduced CO2 emission by 16 tonnes

· Collected 35 millions of records of data for further analysis
· Generated 18 scientific presentations and 10 papers

· Attracted 30+ professional visitor groups on site 

6. [image: image1.emf]CONCLUSIONS

This project introduced the E+grid concept, an adaptive outdoor lighting system coupled with PV energy production and battery storage. The physical prototype system comprising 130 light poles was built in the second semester of 2014 at the research campus of the Hungarian Academy of Sciences in Budapest, Hungary. This is a well-monitored typical industrial park environment which makes us possible keep control all the influential factors, while successfully simulating real-life conditions.
The results so far proved:

· The well designed LED lighting significantly reduced the energy consumption without compromising the visual needs of the road-users
· The event based dimming increased further the saved energy without hampering the safety and security of the residents
· E+grid contributes day-by-day significantly to the reduction of CO2 emission
·  E+grid helps the electrical grid making it more stable
· batteries not only provide service level guarantees for the times of power cuts, but can also lead to positive profit by operating the system, by means of trading with electricity to exploit time-of-use tariffs.

Experiment gained by E+grid will help us to build similar system in larger scale with extended functionality, like additional sensors, GPS based positioning system and other features.
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