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ABSTRACT:
Sensors and sensor networks have an important impact in meeting environmental challenges. Sensor applications in multiple fields such as smart power grids, smart buildings and smart industrial process control significantly contribute to more efficient use of resources and thus a reduction of greenhouse gas emissions and other sources of pollution. 

This report gives an overview of sensor technology and fields of application of sensors and sensor networks. It discusses in detail selected fields of application that have high potential to reduce greenhouse gas emissions and reviews studies quantifying the environmental impact. 

The review of the studies assessing the impact of sensor technology in reducing greenhouse gas emissions reveals that the technology has a high potential to contribute to a reduction of emissions across various fields of application. Whereas studies clearly estimate an overall strong positive effect in smart grids, smart buildings, smart industrial applications as well as precision agriculture and farming, results for the field of smart transportation are mixed due to rebound effects. In particular intelligent transport systems render transport more efficient, faster and cheaper. As a consequence, demand for transportation and thus the consumption of resources both increase which can lead to an overall negative effect. 

This illustrates the crucial role governments have to enhance positive environmental effects. Increased efficiency should be paralleled with demand-side management to internalise environmental costs. Further, minimum standards in the fields of smart buildings and smart grids in regard to energy efficiency can significantly reduce electricity consumption and greenhouse gas emissions. Finally, this report also highlights that applications of sensor technology are still at an early stage of development. Government programmes demonstrating and promoting the use of sensor technology as well as the development of open standards could contribute to fully tap the potential of the technology to mitigate climate change.

Smart Sensor Networks: Technologies and Applications for Green Growth:
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Fields of application of wireless sensor networks:

There are numerous different fields of application of sensor networks. For example, forest fires can be detected by sensor networks so that they can be fought at an early stage. Sensor networks can be used to monitor the structural integrity of civil structures by localising damage for example in bridges. Further,  they are used in the health care sector to monitor human physiological data . The following sections outline selected applications of wireless sensor networks.

Smart grids and energy control systems :
Introduction, definition and main components :
Coal power plants are responsible for “nearly 40% of electricity production worldwide”, and electricity generation is thus responsible for a significant share of CO2 emissions (Atkinson, Castro, 2008). To decrease emissions from the energy supply side, alternative clean technologies can be used to generate electricity or energy can be distributed in a more efficient way. In both cases, sensor networks contribute to better and more efficient processes. 
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On the generation side, sensor networks enable solar energy to be generated more efficiently. Standalone panels “do not always capture the sun’s power in the most efficient manner”. Automated panels managed by sensors track sun rays to ensure that the sun’s power is gathered in a more efficient manner. Such systems can also turn on and off automatically .

On the distribution side, energy is distributed in an often inefficient way in traditional grids. At the time when present girds were planned and extended, they had one single mission, namely “to keep the lights on” . As a consequence, these grids have several shortcomings: many systems are centralised and rely on important central power stations making it difficult to integrate distributed energy resources and microgrids . 
They most often only support one-way power flow and communication from the utility to consumers. Further, utilities can barely track how energy is consumed across the grid and, as a consequence, have no possibility to provide any pricing incentive to balance power consumption over time. As utilities can only accommodate increases in demand up to a certain level, they are forced to rely on additional peak load power plants to cope with unexpected demand increases . This is highly expensive and potentially polluting, particularly if plants use fossil fuels . 

As demand rises and additional power from distributed resources is fed into the grid, important changes must be made. The smart grid is an innovation that has the potential to revolutionise the transmission, distribution and conservation of energy. It employs digital technology to improve transparency and to increase reliability as well as efficiency. ICTs and especially sensors and sensor networks play a major role in turning traditional grids into smart grids. However, they are only one group of key components of the smart grid. The following section gives an extensive overview of the concept of the smart grid and its key components beyond a pure discussion of sensors and sensor networks as major benefits only arise from the interaction between these components. 
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Defining the smart grid in a concise way is not an easy task as the concept is relatively new and as various alternative components build up a smart grid. Some authors even argue that it is “too hard” to define the concept . Looking at different definitions reveals that the smart grid has been defined in different ways by different organisations and authors. Table 2 gives an overview of selected definitions. It shows two different approaches to define the smart grid: it is either defined from a solution perspective (“What are the main advantages of the grid?”) or from a components’ perspective (“Which components constitute the grid?”).
From a solution perspective, the smart grid is characterised by: 
· More efficient energy routing and thus an optimised energy usage, a reduction of the need for excess capacity and increased power quality and security 

· Better monitoring and control of energy and grid components 

 Two-way flow of electricity and real-time information allowing for the incorporation of green energy sources, demand-side management and real-time market transactions 

 Highly automated, responsive and self-healing energy network with seamless interfaces between all parts of the grid. 

From a technical components’ perspective, the smart grid is a highly complex combination and integration of multiple digital and non-digital technologies and systems. Figure 4 provides an overview of the main component of a smart grid: i) new and advanced grid components, ii) smart devices and smart metering, iii) integrated communication technologies, iv) programmes for decision support and human interfaces, v) advanced control systems. These individual grids do not need to be centralised, but can have more control stations and be more highly integrated. The integration of many grids including country-spanning ones provides economic advantages, but there are challenges regarding security if they become too centralised and interconnected.
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New and advanced grid components: 
New and advanced grid components allow for a more efficient energy supply, better reliability and availability of power. Components include, for example, advanced conductors and superconductors, improved electric storage components, new materials, advanced power electronics as well as distributed energy generation. Superconductors are used in multiple devices along the grid such as cables, storage devices, motors and transformers . 
The rise of new high-temperature superconductors allows transmission of large amounts of power over long distances at a lower power loss rate. New kinds of batteries have greater storage capacity and can be employed to support voltage and transient stability . 
Distributed energy is often generated close to the customer to be served which improves reliability, can reduce greenhouse gas emissions and at the same time expand efficient energy delivery . Furthermore, most of these alternative energy generation technologies close to customers such as solar panels and wind power stations are renewable energy sources. These technologies, e.g. solar panels, small hydro-electric and small hydro-thermals can be operated by consumers, or small providers. 

Smart devices and smart metering :
Smart devices and smart metering include sensors and sensor networks. Sensors are used at multiple places along the grid, e.g. at transformers and substations or at customers’ homes (Shargal and Houseman, 2009b). They play an outstanding role in the area of remote monitoring and they enable demand-side management and thus new business processes such as real-time pricing. 

[image: image6.emf]
Electricity providers get a better picture of customers’ energy consumption and obtain a precise understanding of energy consumption at different points in time. As a consequence, utilities are able to establish demand-side management (DSM) and to develop new pricing mechanisms. Energy can be priced according to real-time costs taking peak power loads into account and price signals can be transmitted to home controllers or customers’ devices which may then evaluate the information and power accordingly . Customers thus become more interactive with suppliers and “benefit from an increased visibility into their energy consumption habits” . They are aware of actual power costs rather than only obtaining a monthly or even yearly electricity bill. To date, a number of OECD countries (Italy, Norway, Spain, Sweden and the 
Netherlands) have mandated the use of smart meters. 

Programmes for decision support and human interfaces 
Another key component area of the smart grids comprises programmes for decision support and human interfaces. The data volume in smart grids will increase tremendously compared to traditional grids. As Houseman and Shargal (2009) suggest, “a utility with five million customers […] will have more data from their distribution grid than Wal-Mart gets from all of its stores, and Wal-Mart manages the world’s largest data warehouse”. One of the main challenges of utilities is thus on the one hand the integration and management of the generated data and on the other hand making the data available to grid operators and managers in a user-friendly manner to support their decisions. 
#define NEAR 15 //cm

task main(){

SetSensorLowspeed(IN_4);

while(true){

OnFwd(OUT_AC,50);

while(SensorUS(IN_4)>NEAR);

Off(OUT_AC);

OnRev(OUT_C,100);

Wait(800);

}

}
#define THRESHOLD 40

#define MIC SENSOR_2

task main()

{

SetSensorSound(IN_2);

while(true){

until(MIC > THRESHOLD);

OnFwd(OUT_AC, 75);

Wait(300);

until(MIC > THRESHOLD);

Off(OUT_AC);

Wait(300);

}

}
Tools and applications include systems based on artificial intelligence and semi-autonomous agent software, visualisation technologies, alerting tools, advanced control and performance review applications (SAIC, 2006) as well as data and simulation applications and geospatial information systems (GIS). Artificial intelligence methods as well as semi-autonomous agent software, for example, contribute to minimise data volume “and to create a format most effective for user comprehension” whereby the software has features that learn from input and adapts (SAIC, 2006). New methods of visualisation enable integration of data from different sources, providing information on the status of the grid and power quality and rapid information on instabilities and outages. Finally, geographic information systems provide geographic, spatial and location information and tailor this information to the specific requirements for decision support systems along the smart grid.
Advanced control systems 
Advanced control systems constitute the last group of the smart grids’ key components. They monitor and control essential elements of the smart grid. Computer-based algorithms allow efficient data collection and analysis, provide solutions to human operators and are also able to act autonomously (SAIC, 2006). For example, new substation automation systems have been developed that provide local information and that can also be monitored remotely. Whereas the substation information is only available locally in traditional smart grids, new developed subsystems are capable of making this information available in the whole grid and thus provide better power management. Faults can be detected much faster than in traditional grids and outage times can be reduced. 

The environmental impact of smart grids 
Studies which aim at quantifying the environmental impacts of smart grids typically only quantify positive impacts. Currently there is a lack of data which quantifies the negative footprint of ICT infrastructure involved in smart grids. In the following section three studies that examine the CO2e (CO2 equivalent)7 abatement potential of smart grids are discussed (see Table 5).
Conclusion :

This report gives an overview of sensor and sensor networks applications and their impact on the environment. It discusses selected fields of application which have ahigh potential to tackle environmental challenges and reduce greenhouse gas emissions.
In general many applications in promising fields are still at an early stage of development. Joint R&D programmes and implementation projects can promote the useof sensor technology and contribute to industry-wide solutions and the developmentof open standards.
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Finally, the use of ICTs and especially sensor technology is sometimes relatively expensive, for example in the agriculture and farming sector in terms of farmers’ economic considerations. Governments can encourage the use of ICTs and sensor technology through conservation programmes and by accentuating the environmental dimension of ICTs in agriculture and farming.
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