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	This case study outlines how satellite communications is used to feedback environmental sensor data to a central host that controls Hydro-Power Generation.

Accurate water flow rates through Hydro Electrical plants are crucial in determining the amount of power the plant can generate. Weather forecasts are not accurate enough to determine flow rates. Accurate water flows require upstream monitoring of water catchment areas and snow stores.  Due to the remote location of water catchments and snow covered regions sensors can only use satellite M2M communications. 
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1.0 Title
Environmental Monitoring of remote locations to Determine Hydropower 
1.1 Description
Monitoring environmental parameters and effects in remote locations is of increasing interest due to the rapidly changing Global Climate and the world in general. Parameters such as temperate, pressure, water levels, snow levels, seismic activity have significant effects on applications such as green energy (wind and hydro power), agriculture, weather forecasting and tsunami warnings. The demand for remote monitoring information (real time and historical) has been increasing over the past decade and expected to increase exponentially in the foreseeable future. 
Environmental monitoring is a M2M application where satellite is the only communications alternative as no other infrastructure is generally in such remote localities. This case study presents one solutions where satellite communication is commonly used for environmental monitoring. This is Hydro power generation through snow/water monitoring. 
This paper provides an overview of the solution and how satellite is used to support this requirement. The document also outlines why the solution requires M2M remote satellite communications.  
1.2 Source (as applicable)
Inmarsat
1.3  FFSActors (as applicable)
Energy companies, Industry
1.4 Pre-conditions (if any)
Two main requirements exist for remote monitoring in Hydro Power Generation. Firstly, there needs to be monitoring of the flow and supply of water to generate the power itself. Secondly, there needs to be monitoring of the environmental impact the hydro-electricity has on surrounding ecosystems for the storage of water and resulting change in natural flow. 
Flow and Supply of Water: Availability and supply of water is fundamental to hydro generated power and is very seasonal and related to the regional climate. In cold climates such as Canada and Norway, water is supplied by snow where reservoirs are located in high locations and catchment areas cover extensive mountain regions.  Snow levels, melting periods and supplies are inconsistent throughout the year. Reservoirs and storage facilities are designed to take into account seasonal inconsistencies from mother nature. In more tropical areas such as Brazil, tropical downfalls in the wet seasonal periods are important for flow management and are also seasonal. 
Regardless of region, accurate sensors are critical to monitor water flow and supply such as rain fall, snow levels, snow temperature, snow wetness, reservoirs levels and other seasonal parameters. These sensor readings are critical to ensure Hydro companies can accurately predicate and monitor power generation levels. Sensor readings need to be sent back in near real time to Hydro processing plants to maintain operations. The sensors are in mountainous and hard to reach areas, that experience harsh environmental factors, partially high water/snow falls. Power or communication infrastructure is generally not available; therefore reliable satellite communication is the only option. 
Sensor data is sent back consistently at short interval rates generally every five minutes from a number of multiple sensors in each location. Monthly usages in the region of 5-10MB per month are typical depending on the number of sensor registers to poll and the M2M SCADA (supervisory control and data acquisition) communication protocol used (eg. Modbus or priority protocol protocols used such as Totalflow)

Environmental impact that hydro-electricity has on surrounding ecosystems: Hydro-Electricity has the potential to affect the local ecosystems upstream and downstream from the generating plants. Government and world regulations are in place to ensure these systems minimise the impact on the local environment. Close monitoring and reporting of the surrounding areas are also part of the monitoring solution. Factors such as soil salinity, water levels, fish stock levels and erosion are some parameters that could be potentially monitored to ensure regulation and adhered to. This type of data is not critical for the power generation, however is required historically for trend analysis. Near real time communications is require for these types of sensors. 
Sensor data is sent back long consistently interval rates generally every 30 minutes to 1 hr from a number of multiple sensors in each location. Monthly usages in the region of 1-2MB per month are typical, depending on the number of sensor registers to poll and the M2M SCADA communication protocol used.
1.5 Triggers 
Two triggers that initiate information being sent over this architecture.
· Constant polling and 
· Conditional polling. 

Constant Polling:  Sensor polling rates are set by the Hydro operator. This information is used at the host to provide real time data as well as historical for trending analysis. Polling rates depend on the rate of change in environmental changes or how often data is required to make decision on flow rates through the Pembroke. Rates could be every few minutes up to few hours, but rates are constant. This data is very important to determine power requirements for the satellite terminal. The more data the more power that is required.

Conditional Polling: Information can be sent from the RTU based on specified events, sharp rise in water levels, temperate and any specific data. This data must be fed back to the Hydro control (host) in the event critical controls need to be made on the Hydro station

1.6 Normal Flow (as applicable)
Remote Sensor/Satellite Terminal Integration: Remote sensors are normally connected to a Remote Terminal Unit (RTUs) that condition the sensors values into registers that are transmitted (over satellite) to a host. The RTU polls (or changes register value in some circumstances) register values from Programmable Logic Controllers (PLCs) that are connected to the aforementioned sensors. The RTU will then use a M2M (SCADA) communication protocol to send the register values to the host. SCADA protocol are designed to be very compact, only sending the minimum require data to the host, thus why serial based communication is popular. Modbus, DNP3 (Distributed Network Protocol), IEC 61850 (used in electrical substations) or other priority based communication protocols are used and are generally based around serial communication to keep traffic to a minimum. IP is starting to become more popular to support these SCADA protocols. 
The host resides in a corporate network of the Hydro provider, which analyses and presents this data into meaning information to make decisions on. The host is normally a hydro-power monitoring application designed specifically by the hydro provider that is integrated with the remote monitoring sites and controls for the Hydro plant. The host normally has a very advanced Human Machine Interface (HMI) to process data to a human operator, and through this, the human operator monitors water flow and controls the amount of water flowing through the penstock to the turbine.
As mentioned, RTUs communicate via either serial (RS-232/485) or IP layer 2 M2M SCADA protocols. Majority of modern based satellite communications systems support IP only layer two protocols and it is very common for RTUs to communicate via serial only. Terminals servers are usually placed in line between RTUs and satellite terminals where serial communication is required. 
Satellite Service solution: L Band satellite service are the most popular used by Hydro plants in LATAM and North America. The L band satellite service operates over the L band frequency range (1.5GHz to 1.6GHz). This band is unique as it is not attenuated by weather where other high frequency band solutions operate in. Remote terminals in this application must be able to operate in wet tropical and cold snow ranges. 
The terminal normally provides a direct IP network connection to the customer corporate control network (backhaul) via secure IP VPNs or leased line. A backhaul satellite solution is sometimes used for increase reliability. The L band satellite network must offers geographical redundancy for downlink earth station and backhaul infrastructure. 

Satellite Terminal Solution: The L band satellite terminal must operate with extremely low power, less than 1W idle and 20W transmit. Majority of power used by remote terminals is used during the idle state. Solar power designs are suitable for the most modern L band satellite terminals terminal to operate in remote locations. 
Remote terminal management and control is essential for this remote application. The terminal must continually ensure the terminal is on-net. If the terminal seems to be unable to transmit (or receive), the terminal automatically must reboots and reconnects itself to the network (known as watchdog). This removes the requirement to send someone to reboot the terminal. Remote management is conducted via out of band signalling. Terminal status, manual reboot and remote firmware updates are also essential of the operation of the remote terminal. 
Section 1.8  illustrates a normal Hydro communication architecture for environmental monitoring
1.7 Post-conditions (if any)
N/A
1.8 High Level Illustration (as applicable)
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Figure 1: Hydro Remote Water Flow/Snow Level Monitoring Architecture
1.9 Potential requirements (as applicable)
1.9.1   The M2M System shall provide mechanisms for ensuring round trip communications of specified times from sensors to actuators. 
1.9.2 
1.9.3 

1.9.4 

1.9.5 

1.9.6 The M2M System shall support power constrained devices.
1.9.7 

1.9.8 .
1.9.9 The M2M System shall support an M2M Application’s choice of communications transport characteristics e.g.  Reliable or unreliable.
 
1.9.10 The M2M System shall support commonly used communications mechanisms for local area devices, e.g.  RS-232/RS422.
1.9.11 

1.9.12   The M2M System must provide communication availability to exceed 99.5% (1.83 days/year).  
1.9.13 
1.9.13.1 
1.9.13.2 
1.9.14 

�oneM2M focus on Service Layer means that these Underlying Network requirements are not under consideration.


�oneM2M focus on Service Layer means that this physical requirement for the Underlying Network is not under consideration.


�oneM2M focus on Service Layer means that this physical requirement for the Underlying Network is not under consideration.


�oneM2M does not focus on devices in a box.  Focus is on logical rather than physical.


�oneM2M does not focus on product requirements of the Underlying Network.


�This is more of a product description and not the focus of oneM2M. 
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