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Executive Summary

This report summarizes the findings of an analysis considering the inclusion of wind driven power generation technology into the existing diesel stations at Santa Cruz and Baltra Islands in the Galapagos Archipelago. The analysis was conducted by staff at the National Renewable Energy Laboratory, a U.S. Department of Energy funded, contractor operated National Laboratory of the United States. This report is one part of a wider United Nations Development Program study lead by ProViento S.A. Energias Renovables Ecuador and draws heavily from information provided in other documents created by the project team.

To conduct the analysis data on the current diesel plant conditions, wind resource, expected load, and cost data were obtained. Whenever possible, exact information was used and the results validated. The Hybrid Optimization Model for Electric Renewables (HOMER) was used to study the initial feasibility and cost effectiveness of using wind turbines for power generation, while the Hybrid2, hybrid power system simulation model was used to conduct more detailed analysis.

This is an initial feasibility analysis of the potential for wind turbines to be introduced into the power grid in Santa Cruz and Baltra Islands in the Galapagos.  There are three potential wind turbine locations considered and two different load scenarios.  The three wind turbines sites evaluated are Baltra Island, Santa Rosa, and El Camote.  The two load scenarios include the city of Puerto Ayora combined with several smaller nearby loads and small village centers including Bellavista and Santa Rosa, and these locations combined with the load for Baltra Island, mainly comprised of the airport and the nearby military installation.  This last load scenario would include the installation of a medium voltage line to extend the Puerto Ayora grid from Santa Rosa to Baltra, about 40 km apart. The wind site at El Camote was analyzed in an initial analysis but dismissed in the more detailed analysis due to low wind speeds.

This analysis uses approximate costs for various components and initial modeling of the interaction and control of the wind-diesel system.  This level of analysis is adequate to provide initial investigation of power system design and sizing while specific control algorithm development would still need to be completed. This analysis also allowed for the comparison of the different electrification options based on several key design factors such as the amount of diesel fuel consumption and percent of energy generated from wind technologies.

Based on the analysis conducted it does not seem advantageous to electrically connect the existing grids on the islands of Santa Cruz and Baltra based solely on the operation of the power system. However, the authors of this report understand that there may be other extenuating factors that may make this interconnection preferable. 

Without an interconnection, four Made AE59, 800 kW turbines could be considered for installation at the Santa Rosa site on the island of Santa Cruz, with the Made turbine resulting in the highest energy output. The lowest risk alternative would be to install seven Enercon E-33 turbines because these turbines have a demonstrated history of use in wind-diesel applications. Due to the land constraints limiting the potential installed capacity of wind when using these smaller turbines, the potential impacts on fuel consumption are greatly reduced.
To the authors knowledge, out of all the wind turbines evaluated, only the Enercon E-33 wind turbine has demonstrated operational experience in wind-diesel systems.  These turbines, when combined with advanced system controls and other power smoothing equipment, such as flywheels or low load diesels, has shown to be successful in controlling voltage and frequency fluctuations on a high penetration grid. The Vergnet GVE-MP is also being incorporated into wind-diesel applications in Australia but has yet to develop a proven track record in these applications.
Measures to actively control power and power quality would have to be implemented as part of most of the wind diesel systems considered. Current analysis indicates that the variability in the wind speed can result in high wind turbine output variability that will impact diesel plant operation. To this point only the use of wind turbine curtailment and controlling dump loads have been considered as a method to improve power system stability, although the use of short-term storage, such as fly wheel technology, grid control equipment and low load diesels should be assessed once specific sites and wind turbine technology have been identified. Since there will be cases where more wind energy will be available than can be consumed by the current load, efforts should be undertaken to analyze the availability of dispatchable loads; such as water desalination, ice making, and water pumping that could be used at times of high wind power availability.
The Hybrid2 analysis indicates that the installation of the four Made AE59 wind turbines while using turbine curtailment to limit power variability would result in the highest fuel savings of the alternatives considered with around 20% fuel savings, resulting in an annual fuel consumption reduction of approximately 271,000 gallons (1,025,000 liters). This amounts to supplying almost 26% of Santa Rosa’s electrical energy needs using wind power and would reduce carbon dioxide emissions by approximately 3000 MMTE/year. An additional 541,800 kWh a year would also be available for dispactchable loads, further reducing energy consumption at other times.

If the interconnection is implemented the installation of the wind turbines at Baltra, or possibly several turbines at both sites becomes, becomes a preferable. In this case the option to use a larger number of smaller turbines, most likely the Enercon E-33, provides similar levels of fuel savings as the use of the Made AE59 but provides additional benefit of more defined project experience and greater ease in installation and maintenance.
An important next step in this wind analysis would include obtaining better load and power system data from each of the communities and more advanced wind measurement at both Santa Rosa and Baltra, including higher frequency data collection and correlation to long term wind speed and direction data from other regional sites. 

1.0 Introduction

This report summarizes the findings of an analysis considering the inclusion of wind driven power generation technology into the existing diesel stations at Santa Cruz and Baltra Islands in the Galapagos Archipelago. The analysis was conducted by staff at the National Renewable Energy Laboratory, a U.S. Department of Energy funded, contractor operated National Laboratory of the United States. This report is one part of a wider United Nations Development Program study lead by ProViento S.A. Energias Renovables Ecuador and draws heavily from information provided in other documents created by the project team.

To conduct the analysis data on the current plant conditions, wind resource, expected load, and cost data were obtained. Whenever possible, exact information of parameters were used and then validated. The Hybrid Optimization Model for Electric Renewables (HOMER)
 was used to study the initial feasibility and cost effectiveness of using wind turbines for power generation while the Hybrid2 model
,
 was used to conduct more detailed analysis. More information on these models are provided in Appendix A.

The use of wind technology to reduce the loading and fuel consumption in remote diesel plants is not a new concept, however, like any integrated power system, it is not a simple matter. Primer’s on wind/diesel power systems and power system control are provided in Appendix B and C respectively. This initial feasibility study was focused on answering several key questions regarding the installation of wind turbines on Isla Santa Cruz and/or Isla Baltra. These questions include 1)  which of the three potential sites should be used, 2) which of the four turbines considered seems to provide the most power for this application, 3)  what is the impact of different amounts of wind power based on the turbines selected, and finally 4) what is the potential impact of installing turbines at more than one site simultaneously. 

This analysis provides answers to these questions and then makes final recommendations based on all of the information and modeling used in the analysis. This report is a documentation of the analysis, so it includes descriptions of the analysis methodology and assumptions. Section two of this report reviews the existing power system and generating capacity on the two islands. Section 3 describes the three wind sites, while section 4 describes the inputs into the modeling tools. Section 5 describes the results of the analysis with section 6 providing final recommendations and conclusions. Additionally, this document is the second phase of an initial pre-feasibility study that was completed as part of this work. A summary of that initial study is provided in the body of the text while the complete report is provided in Appendix D.

2.0 Review of existing facilities

The following provides a review of the existing facilities on Isla Santa Cruz and Isla Baltra, including a description of the power facilities at Puerto Ayora and Baltra and the wind turbine sites at Santa Rosa, Baltra and El Camote.

2.1 Isla Santa Cruz

Santa Cruz Island is a primary island in the middle of the Galapagos Archipelago and sits just to the south of the Island of Baltra, which houses one of the major airports in the Archipelago.  The town of Puerto Ayora lies at the south end of the Island and has an electrical grid that serves Puerto Ayora as well as several smaller nearby loads and small village centers including Bellavista and Santa Rosa.  Population growth, and subsequently electricity consumption, has been increasing in the town and surrounding areas.

Existing generation facilities

A good description of the diesel plant and controls is necessary to evaluate the diesel system and to also design the interface between the diesel system and any potential wind system.  In some cases, the bid solicitation for the wind turbine and related wind system components will be separate from the diesel plant upgrade, which will require more understanding of the diesel plant design, configuration and control.  

The existing diesel plant in Puerto Ayora supplies power to Puerto Ayora and the surrounding areas that are connected to the local grid.  The diesel plant is well kept and the diesels are well maintained.  The facility is made up of the diesel plant, several maintenance facilities where heavy equipment is located and maintained, the office, and switchyard.

There are five 650 kW Caterpillar diesels and one 1100 kW Caterpillar diesel.  One of the 650 kW diesels was out of service for maintenance and not available, which is a normal occurrence.  The five available diesels during the site visit had 32,931, 37,505, 43,113, 45,832, and 65,578 run hours.  Power flow and speed control between diesels is accomplished by using a Woodward 2301A controller.  The controller can control the speed and power sharing between multiple diesels.  Specifications for the Woodward controller are in the Appendix F.  Photos 1 to 7 show pictures of the diesels, the controller, some of the heavy equipment at the plant, and the substation connecting the plant to the utility grid.
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Load

A daily, average hourly load-profile for each month was created for the electrical load on Santa Rosa based on expected load growth for the community as supplied by Carlos Jacome of the UNDP and Impresa Electrica.  Detailed load data may be found in an excellent report entitled Estudio sobre Prevision de la Demanda de Electricidad en las Islas Santa Cruz y Baltra (UNDP, 2006).
The load analysis resulted in 12 different, 24-hour load profiles that were used in the modeling analysis.  Load data spreadsheets can be found in the Appendix E.  Figure 1 shows a plot of the future load of Puerto Ayora grid, including the water desalination load.  The load for the water desalination plant was estimated to be constant 261.6 kW based on information from the UNDP and the plant designers.  Figure 2 shows a plot of the daily average load for Santa Cruz. 
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Specific information on the water desalination plant was not available, so it was not possible to model the water desalination load as a special load.  However, options to control the desalination load using state-of-the-art equipment in conjunction with the wind-diesel controller should be evaluated in the next phase of the project.  It should be noted that several commercial wind-diesel systems are available that include specific designs for water desalination.  Combing the analysis and planning for a potential wind-diesel plant with the desalination load could lower the cost for both systems.  
2.2 Baltra

Many people fly into the Galapagos islands using Baltra’s airport.  The airport is the biggest electrical load on the island and is projected to increase due to a planed airport expansion.  This expansion will include additional flights as well as a modernization of the airport facility itself.  Baltra Island also has a small military population next to the airport that is supported by small diesels.  In addition, there are several other uses of electricity on the island, including the use of electricity for a small petrochemical plant.  It is estimated that there a up to 15 dispersed diesels that supply electricity for the different loads on Baltra including the airport, the marines, private air carriers, a few small businesses and some other loads.

Existing generation facilities

There is a small detached facility about 100 meters from the airport where the main diesels are located.  Several older diesels were kept inside the airport but did not appear to be regularly used.  The main diesels at Baltra airport are a 150 kW John Deere diesel generator and a 200 kW Detroit diesel.  Neither of the diesels are in very good condition.  It was reported that Impresa Electrical, the local utility, was considering adding a new 1400 kW diesel that could run on biodiesel fuel as part of future upgrades.  This planned new diesel is included in the modeling in later sections of this report but has been modeled as part of the Puerto Ayora diesel plant.  The Baltra airport diesel plant is shown in photos 8 and 9.

Analysis of the power system in Isla Baltra was not a primary topic of this analysis. Basically, if a new wind diesel power system is installed that includes a grid connection from the Puerto Ayora plant to Baltra, all of the diesels in Baltra would either be abandoned or used for Stand by purposes only. If a grid connection is not constructed, a separate analysis considering a new wind diesel power station at Baltra, to serve the Baltra load alone should be undertaken separately from this analysis. At that point a complete assessment of the diesels and control logic used in providing power to the Baltra airport and other loads would have to be conducted. 
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As with the load data for Santa Cruz, load data supplied by the UNDP was analyzed by NREL.  One daily hourly load profile was developed based on information for the various loads.  There is no variation in this load during the year because seasonal load data was not available.  This load data assumes future expansion of the airport including additional flights and expanded hours of operation.  This load data is less exact than the load data for Santa Cruz because there is no measured load data for Baltra.  It was assumed that certain diesels would be operating for a certain amount of hours out of the day.  Figure 3 shows the future load of Baltra, which is much smaller than Santa Cruz.  Most of the load is from the airport, for which there is a planned expansion. [image: image8.emf]0
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3.0 Review of Potential Wind Sites

Three potential site locations were identified for the installation of wind turbines; Santa Rosa, Baltra, and El Camote.  Wind resource data was collected from July 2005 at all three sites and was used as input to this analysis. The data was collected as 10 minute averages with limited statistical information including standard deviation and maximum values over the 10 minute time step. Data for three anemometer heights, 20, 30 and 40m were collected in addition to one direction measurement. The three sites are described in this section.
3.1 Santa Rosa

Initial site description

The site of Santa Rosa sits atop the small mountain range in the center of Santa Cruz Island, just off the road connecting Puerto Ayora and Baltra, near the community of Santa Rosa. The site itself is approximately 580m above sea level and is quite open, with limited trees and ground cover.  Due to the available land and proximity of buildings in the area in which the turbines could be installed, restrictions will be required on the number of wind turbines that can be installed.

The site is about 15 km from the town of Puerto Ayora and a single phase power line follows the road as far as Santa Rosa. The exact location of the anemometer tower is (W789640.16, S9929421.41, WGS84 15M). More information on the site and wind resource can be obtained from a separate report conducted by ProViento S.A. Energias Renovables Ecuador in conjunction with this document.

Data description

The 10 minute time series data for the Baltra site from September 2005 to the end of August 2006 was converted to hourly averages values at a 50m hub height, the height of most of the wind turbines to be considered. This data, with annual average wind speed of 6.17 m/s at 50 meters was used in the initial HOMER and primary Hybrid2 analysis. Figure 4 shows a frequency distribution plot of the wind speeds for Santa Rosa using data through July of 2006.

40m height 10 minute time series data taken at a height of 40 m from August 15th 2005 to the end of July 2006 was also analyzed to look at the variability in the wind resource. This data shows an annual average of 5.95 m/s and has a standard deviation of 0.4372 m/s. 
Time series data showing the 10 minute, hour average and standard deviation for the first two days of January, 2006 are shown in figure 5. Although purely illustrative in nature, the site does show that the winds are quite variable, even over 10 minute averaged data. Standard deviation and maximum values of the wind resource within each 10 minute averaging period were taken but not used in the site analysis. The wind site also has a comparatively low wind shear and turbulence intensity.
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Figure 4: Frequency Distribution Plot of the Santa Rosa Wind Resource.
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3.2 Baltra

Initial site description

The site of Baltra sits near the end of the Baltra airport on the eastern side of this smaller island to the north of Isla Santa Cruz. The site is basically at sea level and is quite open with very little structure or ground cover. Although the site is in close proximity to the airport and associated height restrictions would apply, there is ample area for wind turbine installation.

The site is quite close to an unimproved dirt road and is close to the airport facilities. There is no electrical connection between the site and Puerto Ayora.  One particular challenge at this site is there is virtually no grounding potential for electrical systems. The exact location of the anemometer tower is (W802140.89, S9928817.48, WGS84 15M). More information on the site and wind resource can be obtained from a separate report conducted by ProViento S.A. Energias Renovables Ecuador in conjunction with this document.

Data description

The 10 minute time series data for the Baltra site from September 2005 to the end of August 2006 was converted to hourly averages values at a 50m hub height, the height of most of the wind turbines to be considered. This data, with annual average wind speed of 6.02 m/s at 50 meters was used in the initial HOMER and primary Hybrid2 analysis. Figure 6 shows a frequency distribution plot of the wind speeds for Baltra using data through July of 2006.

40m height 10 minute data from August 14th 2005 to the end of July 2006 was also analyzed to look at the variability in the wind resource. This data shows an annual average of 5.77 m/s and a standard deviation of 0.455 m/s, a slightly low wind speed but higher standard deviation than that for the Santa Rosa site. 
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Time series data showing the 10 minute, hour average and standard deviation for the first two days of January, 2006 are shown in Figure 7. Although purely illustrative in nature, the difference in the wind speed and variability is striking, especially when compared to the wind speeds at Santa Rosa for the same time period.  Standard deviation and maximum values of the wind resource within each 10 minute averaging period were taken but not used in the site analysis. The Baltra site also has a slightly above normal wind shear but a slightly lower turbulence intensity.
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3.3 El Camote

Initial site description

El Camote is located in the high country on the eastern side of Isla Santa Cruz. The site is approximately 8 km north east from the community of Bellavista, which sits on the main road between Puerto Ayora and Baltra. The site itself varies in elevation but is approximately 400m above sea level and is quite open, with limited trees and ground cover. There are several small geographic structures in the area and some terrain variations. 

The site is about 12km from the town of Puerto Ayora and is in close proximity to the single phase power line follows the road through Bellavista. The exact location of the anemometer tower is (W800657.91, S9926169.29, WGS84 15M). More information on the site and wind resource can be obtained from a separate report conducted by ProViento S.A. Energias Renovables Ecuador in conjunction with this document.

Data description

The average annual wind speed for El Camote is 5.5 m/s at 50m based on 10 minute data collected at 40m from September 2005 to the end of August 2006. Plots of the El Camote data are not provided in this report since the wind resource is significantly lower than the two other available sites. 

4.0 Analysis of Power System Options

What follows is a description of the analysis of the potential to retrofit the existing diesel facility at Puerto Ayora and Baltra. This section describes the data that was used in the analysis as well as the assumptions regarding the installation and operation of the current diesel power station. This initial analysis looks primarily at the amount of wind energy that could easily be absorbed into the diesel grid.

The following chapter describes the analysis considering the two primary sites in question, Santa Rosa and Baltra.  Included in the analysis are power output calculations for different turbines, the impact of different amounts of wind energy, and the impact of installing turbines at more than one site simultaneously.

There are three types of data that are important for the analysis of re-powering options. The first relates to the technology that can be used to provide power at each of the sites, the second is the energy consumption at each site, and finally the wind resource availability. This data must then be analyzed based on an understanding of the current plant structure and other limitations that each site may present. 
4.1 Turbines used in the analysis

Four different wind turbines were considered for this analysis and are listed in Table 1. Although there are differences between specific turbines, at this level issues of basic cost, generation capacity, weight, and size are the most critical. Specific information on each turbine can be found in Appendix F of this document. 
Table 1: Wind turbines included in analysis
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Of these turbines being considered, several of them have been used in hybrid power systems. The MADE AE59 is being used in the wind/diesel power station on San Cristobal Island in the Galapagos Archipelago, but has not been used in hybrid power systems previously. The Vergnet GVP MP has been used in rural applications and is being installed in a high penetration wind diesel application in Australia. The Enercon E-33 has been used in several successful wind-diesel projects, most notably in the Mawson Australian Antarctic base and at Flores Island. The Enercon E-48 has not been used in hybrid applications to the authors knowledge, though the experience obtained with operation of the E-33 would assist in the implementation of these units.
4.2 Wind Data
Hourly wind speed data was used for the analysis of all three sites. This data was developed using the multi level, 10 minute average data collected at each site. In all cases 10 minute data had been collected from mid August of 2005 through the end of July 2006. Two methods were used in separate parts of the analysis. In the initial HOMER analysis and primary Hybrid2 analysis the hourly time series data was manually manipulate with the average increased to accurately depict the expected hourly average at a height of 50m based on the calculated directional wind shear. It is believed that this data most accurately reflects the wind speeds at the expected turbine hub heights between 50 and 55 meters. Although only applicable to the Hybrid2 software, during the analysis a generally standard 20 % variability in the inter hour wind resource was assumed. This simply states that the wind speeds within each hour average time step will vary by 20%.

In order to obtain a better understanding of the impact of the actual inter hour variability of the wind resource an analysis was completed using the original 40 m wind speed data. In this case the 10 minute averages were converted to hour averages with standard deviations. Based on the annual average wind shear and other parameters the Hybrid2 software was then used to determine the applicable wind speed and inter hour variation at the different turbine hub heights. This analysis allowed the authors to obtain a better estimate of the variability of the wind power that would be produced by the wind turbines at the different sites considered.

4.3 Load data
Two different load scenarios were considered, a combination of the communities on Isla Santa Cruz, including Puerto Ayora, Bellavista and Santa Rosa, and then a separate load that also includes these communities but adds the expected load of Baltra Island. The total combined primary load of both islands would require the installation of a grid extension from the communities of Santa Rosa to Baltra. Figure 8 shows the combined load of Santa Cruz and Baltra as well as the Santa Cruz alone.
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4.4 Diesel Plant

In place of the power system that was described in the previous section for Purto Ayora the diesels shown in table 2 were used in the analysis. This includes a 1400 kW diesel that is currently planned to be installed at either the Baltra or Purto Ayora plants. Additional information on each of the diesels modeled is supplied in Appendix F.
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The modeled fuel curves for these diesels are provided in figure 9. The specification sheets do not provide a no load fuel consumption values so a standard no-load consumption of 0.08415 l / kW rated power was assumed
. A standard minimum loading level was also assumed to be 35% of rated power, slightly lower than is recommend by manufactures but higher than what would be common in most remote diesel applications. Because of the relatively high minimum loading, the assumed fuel no-load consumption will have minimal impact on the total reported fuel consumption.
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Figure 9: Fuel consumption as a function of load for diesel engines used in the Hybrid2 analyses.

Once a diesel had been started it is assumed that it would remain operational for at least 6 hours. Shorter minimum operational times were investigated but due to the high variability of the wind resource, and the general assumption that wind energy will be maximized, diesel start cycles were excessive. Further investigation of the diesel control regime should be considered in further analysis. 

In all cases it was assumed that a diesel would be operational all of the time to set system voltage, provide reactive power and assist in maintaining system frequency.
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4.4 Analysis Constraints
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Several constraints were considered in the analysis. Given the space constraints at many of the sites a separate analysis was conducted using micro-siting software to assess, based on land availability, acoustic constraints and wind resource, the number of turbines that could be installed at each site, table 3. ProViento S.A. Energias Renovables Ecuador conducted wind turbine power output estimates based on specific micrositing analysis for each turbine at each site. These power estimates are more accurate than either the HOMER and Hybrid2 simulations. However, if attempts were made to exactly match the wind power output of the turbines at each site using these software tools it would add complexity to the results of the simulation outputs, which would make them more difficult to compare. With this in mind the results of the HOMER and Hybrid2 analysis should be considered comparative in nature. Final system simulations were conducted on the final recommended system configurations in an attempt to more accurately assess actual system performance.
The second primary constraint in the analysis was the acceptable level of power penetration for the system. As is described in more detail in Appendix B, the amount of wind power as compared to the load on an instantaneous basis is a key design criteria for power systems incorporating wind energy.

In diesel power systems the diesel engine controls maintain power system voltage, frequency, and power factor (the balance of real and reactive power requirements). Most wind turbines are passive devices and have limited ability to provide voltage or frequency stability. For this reason, when the percentage of energy coming from the wind turbine(s) becomes large as compared to the total system load, system stability can be jeopardized. For this reason, different devices, control strategies, and system architectures can be employed to address these issues. The Hybrid2 software allows assessment of these issues on a macro-scale, but it does not model the dynamic nature of the power system. Although the analysis described here does address these issues from a conceptual basis, further analysis of these issues will have to be addressed in a final system design once specific system components have been identified. 

To assess simple installed capacity at the different turbine locations, the analysis considered different levels of wind penetration, using different approaches to address the issues of system stability.

Two general cases were considered, the first limiting power production through the use of wind turbine curtailment, and the second using short term energy storage to address stability issues, thus allowing additional wind turbine generation.  The analysis also considered the benefits of adding additional wind turbine capacity, although this would require a higher amount of wind turbine curtailment. 

Lastly, there was interest in considering wind turbines installed at both sites, Santa Rosa and Baltra simultaneously. Installing turbines at both locations would smooth out some power fluctuations since the wind resources at the two sites are spatially separated. Although a clear correlation of the hourly average wind speeds at the two sites exist, figure 10, it is not a strong correlation and thus it is likely that turbines installed at the two sites would provide a generally smoother total wind power production than if all of the wind turbines were installed at one location. Hourly average wind speed time series data for the month of January 2006 is also plotted in figure 11 to show the temporal difference between the two sites. As would be expected the wind speed at the two sites are similar, but clear differences are noted and the wind resource at Baltra is more variable than the winds at Santa Rosa.

[image: image18.emf]0

2

4

6

8

10

12

14

0 5 10 15

Santa Rosa Wind Speed (m/s)

Baltra Wind Speed (m/s)



[image: image19]
Although the Hybrid2 software does address wind correlation between distinct turbines located at one location, it does not allow assessment of wind turbines at two independent sites. Additionally, the power smoothing resulting from the use of the two sites would have its most dramatic impact on a sub-hourly time frame, something that was not considered as part of this analysis. To address this issue independent simulations were run with the wind turbines installed at the two primary sites and then the power productions for each hour time step were averaged. To determine the potential impact on diesel operation with the combined wind turbines, the average turbine power was converted into a figurative wind speed time series. Using a new Hybrid2 simulation the combined power system was modeled. Although this method does provide a reasonable approximation of hourly operation, it is not possible to determine the impact of using multiple turbine sites on short term turbine power variability.
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5.0 Analysis

Two analysis were completed under this activity, the first was a preliminary analysis using the HOMER software and the a more detailed analysis using the Hybrid2 software.
5.1 Preliminary Analysis

An initial analysis was completed using the HOMER software to assess the different sites and potential wind turbine options. The full report is provided in the Appendix C of this document. Preliminary model results are shown for the comparison of wind power output at the different sites in Figure 12.  The power output data is graphed against a range of one to eight Enercon E-33 turbines.  The data show that a wind turbine at the Baltra site will produce a little bit more energy than at the Santa Rosa site. The El Camote site has a lower wind resources and thus has a much lower power production.

Other significant findings are that the wind turbines often did not operate at rated power due to the lower wind speeds. The annual energy penetration, as defined as the amount of energy out of the wind turbines divided by the total electrical grid demand for the full year, is shown in Figure 13.  It is seen that for six to eight, 330 kW wind turbines the energy production is more than 20% of the total load, resulting in a fuel savings of up to 1,588,760 liters per year.  The wind energy penetration is higher at Santa Rosa because the load is smaller, as it does not include the Baltra load.  As a result, and partly due to the overlapping of the wind resource with the load, the Santa Rosa site results in more “excess” electricity.
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5.2 Detailed Analysis

A further analysis was conducted using the Hybrid2 software, which allowed a more detailed assessment of total system operation. The absence of accurate numbers for the capital, installation and balance of station costs led the analysis to focus on the technical aspects of power system design although initial cost comparisons are provided in several cases. The results of this analysis, which will be explained at length in this section, is provided in Table 4. 
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It should be noted that in Table 4 the annual penetration levels are based on the total load, which is different if a combined load of Baltra and Santa Cruz is modeled as compared to only Santa Cruze. This difference in the total load of these two cases interject a complexity when looking at the results, specifically per kWh cost of power and wind penetration, since each of these items are dependent in some way on the total load being supplied by the simulated power system. Fuel savings is also not a great comparison as it is primarily dependent on the total displaced diesel generation and if similar amounts of wind are generates, fuel savings should also be similar. 

Based on the economic data currently available for the different turbines, the cost savings expected by the installation of wind turbines was also calculated. This cost analysis treats the inclusion of wind as an integrated part of the power plant and compares the cost of the system expansion to incorporate wind to the expected savings, generally in reduced fuel and operational expenses. This initial analysis indicates that given the current cost estimates, which do not include potential economic impacts of carbon reductions or other benefits so should be treated as demonstrative, the inclusion of wind technology does not reduce the overall cost of power production on Santa Cruz. Specific cost information and assumptions can be obtained from a separate report conducted by ProViento S.A. Energias Renovables Ecuador in conjunction with this project.

Site Comparison

As has been indicated in the site specific micro-siting analysis, the wind resource at Baltra produces a higher turbine energy output. Previous analysis also indicated that the power production at the El Camote site was quite low and thus has not been considered further. With the elimination of El Camote the site assessment breaks into two real cases studies, one assuming that a grid extension connecting Santa Rosa to Baltra was constructed and one where the grid is not constructed. 

Assuming the first of these cases the two remaining sites were combined using the combined load of Baltra and Santa Cruz was used. Although the analysis finds that the wind turbines produce more energy at the Baltra site and thus provide more wind power to the load, 34.4% annual penetration compared to 32.5% for turbines installed at Santa Rosa, the difference is an increased fuel savings of only about 0.3%, or about 5,000 gallons per year, for a system comprising four MADE AE49 turbines. The reason for the small difference in fuel consumption is primarily that most of the extra energy is produced when it cannot be used by the power system, resulting in a higher excess energy, or is only requiring the diesels to produce slightly less power, which does not result in large fuel savings. Assuming an installation at Baltra and including the cost of the grid extension this would result in a cost increase of energy production of 2.86 US cents/kWh over the analyzed diesel only system. 
It should be noted that this fuel savings is conservative since the actual diesel engines that are currently in place in Baltra are not being explicitly modeled. This analysis basically compares supplying the Baltra load using high capacity diesels, such as those currently installed at Puerto Ayora, and compares this to the supplying the load with the same diesels combined with wind turbines. The actual fuel savings of replacing the diesels currently supplying power to the loads on Isla Baltra would be higher since the current diesels are smaller and run less efficiently. As has been stated previously if a grid extension to connect the two islands in not put in place a separate analysis should be conducted looking at replacing the mix of smaller diesels supplying the Isla Baltra loads with a centralized diesel and wind power station. 

It the grid extension is not implemented only the Santa Rosa site would be considered and the wind turbines would only support the power system for Puerto Ayora, a decrease of 2,468 MWh per year over the combined load with Baltra. Four MADE AE49 turbines would save 295,080 gallons per year of fuel, or 22% of the total consumption of the Puerto Ayora station, and would raise the total cost of power by approximately 1.45 US cents/kWh.
This analysis indicates that the interconnection of the two loads centers, Puerto Ayora and Baltra is not cost overly effective based on installation of the wind system alone. If this is the case than the use of the Balra site is made impossible and leaves the Santa Rosa site as the most attractive option. If the grid extension was to be installed for other reasons, the use of the Baltra site has slight power advantages, however the savings is minimal and other considerations, such as turbine accessibility, power quality, and environmental issues would likely dominate. The Baltra site also has fewer restrictions on the number and location of wind turbines, which would be an advantage considering potential future load increases.

Wind Turbine Comparison

Discussions regarding the selection of a specific turbine are difficult to assess because of the many different issues associated with this decision, many not considered in this text. For example, the availability of wind turbines is a sever problem given the current tightness of the wind turbine market through 2009. Additionally, the cost of turbines is impossible to completely define without specific market bids, something most companies will not provide for feasibility level analysis. As stated previously, the number of wind turbines that could be sited at either the Baltra or Santa Rosa sites were identified in independent analysis using micro-siting software. The values for power production for the turbines is a combined total and does not include site specific topography information and thus should be construed as approximate and comparative in nature.

Concentrating on the Santa Rosa site with the Santa Cruz load as an example, the MADE AE59 clearly produces more wind energy, has a resulting higher potential fuel savings and a higher annual wind penetration. Since all of the energy produced by the turbine cannot be used and the diesel minimum operational load must be maintained, the excess energy is also higher than any of the other turbine combinations. For this site in specific, the next best turbine option would be the use of the Enercon E48 followed by the Enercon E33 and then the Vergnet GVP MP.

This demonstrates that all other things being equal, the installation of four Made AE wind turbines provides the lowest cost of the four wind turbine options considered.  This analysis is based on energy analysis and does not take into account whether the wind-diesel system is a proven commercial hybrid system.
As indicated in table 4, it was determined that if the Baltra site was to be used, the selection of a turbine from a performance standpoint would also likely change. Although the four Made AE59 still produce more energy and provide increased annual penetration and fuel savings over the use of 10 Enercon E33’s, the use of the Enercon turbines have a lower overall system cost. In this case other issues, such as turbine availability, dispatching, and ease in installation would be additional important factors in turbine choice.

As will be further discussed in the next section, there are important power control issues depending on the selected site.  Since the diesel generators provide the primary control for system power quality, the farther the wind turbines are away from the diesel plant, the larger the issues associated with system power control. With this in mind, use of the Baltra site with the diesel plant located in Puerto Ayora will require more system control and likely the installation of power leveling equipment at this site. Use of the Santa Rosa site will likely not create such problems. This said, the impact of these issues will depend greatly on the selected site, the power station interconnection and the turbines selected for the project. Once these items have been defined, or at least reduced to one or two options, a more detailed power flow and system stability analysis will be required.

Impacts of Wind Penetration

One of the critical elements of the discussion regarding the applicability of using wind energy to provide power to the island of Santa Cruz is the continued ability to provide consistent, high quality power. As has been discussed previously and is provided in more detail in Appendix B, when incorporating wind-based technologies into large power systems, the amount of energy that will be obtained from the wind sources will play a key role in insuring system stability.  The following classifications and definitions of system penetration characterize the levels of system complexity:
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Primary Electrical Load (kWh)

The difference in these equations is in the units. Instantaneous penetration is in terms of power; thus, it is the ratio of how much power is being produced by the renewable resources at any specific instant. The average penetration is in terms of energy; it includes a time domain and is thus measured over days, months, or even years. In some sense, average penetration is in the domain of the economist and instantaneous penetration falls in the realm of the engineer. A three-level classification system based on system penetration that separates systems along power and system control needs has been developed, a summary of which is provided if table 5
. 

As discussed in more detail in Appendix B, there are a series of approaches that could be used depending on the variability in the turbines power output and thus the instantaneous penetration. Initially, since the variable nature of the wind drives the variable output of the turbine, the use of more wind turbines that are spaced out geographically helps smooth the fluctuations in the plant’s total power since each variation in wind speed (a gust of wind) is unlikely to hit all of the turbines at the same time. Secondly, at times of high penetration, specific wind turbines can be shut off to reduce the total wind power generation, and thus the instantaneous penetration. A third option is the installation of fast acting controlled resistive heaters that would be used to remove excess energy from the grid, smoothing out the resulting power and providing better control of system frequency. The last option is the installation of power storage to the grid, generally in the form of a battery bank or flywheel that can be used to consume or provide small amounts of power. Advanced controls associated with these devices allow for better control of grid stability.  This last option is often required for high penetration systems.  

Depending on the level of average penetration desired, expected variability in the wind output and total system cost, a combination of these items would be utilized. A power system control logic would be developed to manipulate the different system components, wind turbines, diesel engines, possible dump loads and potential storage to insure proper power system stability and performance.
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	PENETRATION CLASS
	OPERATING CHARACTERISTICS
	PENETRATION

	
	
	PEAK INSTANTANEOUS
	ANNUAL AVERAGE

	LOW
	· Diesel runs full-time

· Wind power reduces net load on diesel

· All wind energy goes to primary load

· No supervisory control system
	< 50%
	< 20%

	MEDIUM
	· Diesel runs full-time

· At high wind power levels, secondary loads dispatched to ensure sufficient diesel loading or wind generation is curtailed

· Requires relatively simple control system
	50% – 100%
	20% – 50%

	HIGH
	· Diesels may be shut down during high wind availability

· Auxiliary components required to regulate voltage and frequency

· Requires sophisticated control system
	100% - 400%
	50% – 150%


Although the Hybrid2 program is designed to assess the variable nature of plant operation with wind systems, the nature of a time step simulation model makes it difficult to accurately assess peak instantaneous penetration levels. Given the one hour time step currently being modeled, three individual cases were assessed. The first simply cataloged the expected penetration levels using the number of each type of turbine discussed above. The second case looked at reducing the number of turbines to determine the total impact on penetration level, and the third was to conduct a curtailment analysis, looking at the expected impact of shutting turbines off for short periods of time to limit the system penetration level. 

In each of these analyses several different penetration levels in addition to the ones discussed above were examined. The average and peak hourly penetration level provides an initial assessment of inter hour variability which would have to be managed by the power system controls. The theoretical maximum penetration level would mimic a worst possible instantaneous penetration level for each hour based on an extreme case of the statistical maximum wind power production coinciding with the statistical minimum consumer load. 
In all of the cases provided in Table 6, the wind resource for Santa Rosa was used with the load of Isla Santa Cruz alone. Similar analysis was conducted considering the combined load of Santa Cruz and the Baltra for both sites with similar, through slightly lower results. The use of the Baltra site results in slightly lower penetration levels than is found using the Santa Rosa site.

Table 6: Penetration levels for different turbine scenarios for Santa Rosa site and load
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Three general things can be clearly determined from this analysis. Initially, although the annual energy penetration is not very high, the power penetration levels on a shorter time scale are high and will require active designs to regulate power quality, unless there is only a small amount of annual wind energy penetration. Secondly, there is a benefit of using a larger number of smaller turbines, assuming that a similar total installed capacity is maintained, an activity that reduces the maximum peak hour penetration by as much as 100 percent. Lastly, although curtailment in the operation of the turbines does impact total wind power generation, it has rather limited impact on the savings of fuel which make it an attractive option as compared to the use of more expensive options such as flywheels.  The power penetration levels are based on future load growth scenarios, so if near term loads are lower the corresponding power penetration levels would be higher.
The high short-term power penetration levels are partially a result of not having a high enough resolution of input data for the simulation process.  An analysis was conducted using the original 10 minute wind resource data for both Baltra and Santa Rosa to obtain an indication of the inter hour variability. The results of this analysis showed only a 1% difference in the total fuel consumption of the different cases investigated, indicating that the original estimates were appropriate. Further analysis could be conducted if more information on the variation in expected load and wind resource can be obtained. This is discussed in the next section of this report.

Since the acceptable level of penetration is largely an issue of project economics, as more technology to control power plant stability can always be installed. However, a point of limiting returns can be reached where the additional costs, both monetary and in the form of system complexity, do not result in enough increased fuel savings to make further increases in penetration viable. The issue is that without detailed information on plant operation, expected layout, and the costs and technical specification of detailed project designs, it is hard to perform the analysis to provide specific recommendations.

Use of Multiple Sites

The last issue to be addressed was the use of multiple wind sites in considering the power system for the island of Santa Cruz. In this context wind turbines would be installed at multiple sites, relying on the spatial differences to smooth out power fluctuations in the wind turbine output.

As discussed in Section 4.4 regarding analysis constraints, although the Hybrid2 model is not designed to consider the installation of wind turbines at multiple sites, an initial analysis was conducted to determine the impacts of using multiple sites. The results of this analysis are shown in Table 7.
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The analysis indicates that using the two sites results in a slight increased fuel savings and a reduction in all of the short term penetration levels without impacting the total annual penetration levels. This would indicate, as expected, that there is an element of power smoothing resulting from installing turbines at multiple locations. The power smoothing allows more of the energy produced by the wind turbines to be used by the plant, as is seen in the reduced excess energy. Additional impact will also be seen on a sub-hour time scale, something that can not be accurately assessed using the current modeling tools. This increase in power smoothing and reduced fuel consumption would come at the cost of additional complications and higher costs that would be likely by installing the turbines at two separate sites. 

6.0 Design Recommendations

The following provides an initial recondition on the installations of wind turbines into the Santa Cruz diesel grid. It should be noted that many additional factors that were not explicitly assessed in this analysis will play a critical roles in any final design recommendation. For example, wind turbine availability is currently very limited due to increased installations in North America and Europe, resulting in many turbines not being available, especially for smaller projects.

Section 6.1 of this document also describes further information that could be gathered to improve this analysis. The incorporation of this and other data would likely change the analysis results and require updating of these key recommendations.

6.1 Recommendations Based on Current Analysis
Based on the analysis conducted thus far it does not seem appropriate to electrically connect the existing grids on the islands of Santa Cruz and Baltra based solely on the operation of the power system. However, the authors of this report understand that there may be other extenuating factors that may make this interconnection preferable. Without an interconnection, installing four Made AE59, 800 kW wind turbines at the Santa Rosa site on the island of Santa Cruz would provide the most energy. Given the high cost and limited impact of installing short term power storage it is further recommended that initial thought should be made to using resistive fast acting dump loads and turbine curtailment to maintain power system stability. Since there will be cases where more wind energy will be available than can be consumed by the current load, efforts should be undertaken to analyze the availability of dispatchable loads; such as water desalination, water pumping, or ice making; that could be used at times of high wind power availability.

Assuming the configuration provided above while taking to account the expected wind turbine generation using the micro-siting assessment provided by ProViento S.A. Energias Renovables Ecuador, the Hybrid2 analysis indicates that the installation of the wind turbines would result in a fuel savings of around 20%, resulting in an annual fuel consumption reduction of approximately 271,000 gallons (1,025,000 liters). This amounts to supplying 25.8% of Santa Rosa’s electrical energy needs using wind power and would reduce carbon dioxide emissions by approximately 3000 MMTE/year. An additional 541,800 kWh a year would also be available for dispactchable loads, further reducing energy consumption at other times.

It should be noted that as with all computer simulation models, the outputs of the models are exact however they are based on best assumptions of model inputs and are thus approximations of what would happen in a real power system. The Hybrid2 model has undergone a vigorous validation but the results should still not be treated as exact. 

Key Design Issues based on Recommendation

Based on the configuration of four Made AE59 wind turbines installed at the Santa Rosa site as described above the following design issues should be considered.

Communications and turbine control: Due to the relatively close proximity of the proposed site of Santa Rosa and the main diesel plant at Puerto Ayora, approximately 15km, communications to the site, either through direct telecommunications (if available) or wireless links should not become an issue. Start, stop and other generic command functions for the turbines should be available at the diesel station. If the site at Baltra was eventually selected, communications between the diesel power station and wind turbines would have to be addressed in detail.

Power system stability: Due to the short distance between the Santa Rosa site and the diesel plant, power system stability will be less of an issue than if the turbines were installed at the Baltra site. It is expected that a new three phase power line will be installed to the site as part of the interconnection process. If this line is shared with other consumers, as compared to being a direct coupling of the wind turbines to the diesel station, voltage fluctuations will be expected on this line, especially at the end near the wind turbines where the controlling influences of the diesel station will be less pronounced
. The range of these voltage fluctuations will be greatly dependent on the transmission line, specific control functions of the wind turbines, relative wind penetrations, and a number of other factors. Although likely not a problem, an assessment of voltage fluctuations should be undertaken as part of the final power system design. It is likely that either a fast acting dump load or power storage will need to be installed at the site. The exact size of this equipment will need to be determined based on further analysis once more specific system specifications have been determined.

Turbine Selection: As has been discussed previously, to the authors knowledge, out of all the wind turbines evaluated, only the Enercon E-33 wind turbine has demonstrated operational experience in wind-diesel applications.  The Vergnet GVE-MP is also being incorporated into wind-diesel applications in Australia but has yet to develop a proven track record in these applications. The Made AE59 is being implemented in the wind-diesel project at San Cristobal and the operational experience with that turbine should be assessed prior to its incorporation into this project if possible.

6.2 Data needed to refine the analysis or system design.

There are several pieces of information that would assist in the further design and specification of the power system to be installed to support the power needs of Santa Cruz. This section provides a brief description of these needs.

More refined load data for Santa Cruz and Baltra

The current load information for Santa Cruz and Baltra is quite course and based on hourly average load profiles for typical days. More detailed load data, including current information on shorter term load fluctuations in addition to further definition of local resource, large loads, and system expansions such as the new desalination plant, would be beneficial. Such plant load information could include electronically collected data on the output power of the Puerto Ayora and Baltra diesel stations as well as hourly records of production output. This data would allow an assessment of the expected power variability for the community and would allow better assessment of power system control once an initial system design has been specified.

Historical wind resource data

Although not applicable to the analysis conducted using the Hybrid2 software, correlation of the existing year of data that was used in the analysis should be referenced to other longer term data sets to insure that the year of data analyzed, generally August 2005 through August 2006, are representative of historical wind speed averages.

Improved cost and turbine availability data

To allow a final assessment of different design options, specific cost data for each wind turbine should be formally obtained. In addition, more detailed information on turbine and transmission installation will also be needed.

7.0 Conclusions

A preliminary wind turbine screening analysis was conducted for three sites and two load scenarios, the islands of Santa Cruz and Santa Cruz combined with the load of Baltra.  The analysis showed that the Baltra site with the addition of the Baltra load resulted in a slightly higher wind energy output but that the cost of the grid extension likely makes it more practical to install the wind turbines at Santa Rosa to power only the grid located around Puerto Ayora on the island of Santa Cruz. If the Baltra site is used, the distance between the wind site and the diesel plant at Puerto Ayora will likely impact system communication and power quality of the grid in the Baltra area. This will require further analysis once initial system and loading specification had been completed.

Given spacing constraints at the Santa Rosa site, of the four turbines investigated; the MADE AE59, Vergnet GVP MP, Enercon E33 and the Enercon E-48; performance figures indicate that the use of four Made AE59 wind turbines would result in a fuel savings of around 20%, resulting in an annual fuel consumption reduction of approximately 270,877 gallons (1,025,381 liters). Based on the initial analysis it was also determines that using advanced system control, wind turbine curtailment and the use of a large fast acting resistive controlling load at the wind turbine site would likely provide an appropriate level of power system stability without sacrificing significant fuel savings. The installation of power storage, such as through the use of a flywheel, may also be required to insure system stability.

Lastly, although there would be benefits of installing the turbines in more than one location, the Baltra and Santa Rosa sites, the cost of the grid extension to connect the two load centers would not be financially viable on a simple project economics standpoint.

Further analysis should be undertaken following more detailed assessments of the expected loads and once specific turbine and other components have been identified.
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Appendix A: NREL modeling tools

The Hybrid2 Software

The Hybrid2 software was designed as an engineering analysis tool to consider the performance of remote power systems with special consideration to high-penetration systems with or without storage. The code can model many combinations of wind turbines, photovoltaic arrays, diesel generators, power converters, and battery storage in AC, DC, or two-bus systems. Hybrid2 also allows for more than 100 dispatch configurations with multiple diesel generators, renewable sources, and battery storage. Recent development in the software allows modeling of diesel generators that do not have a linear fuel vs. performance curves (a typical assumption for most performance models) and also allows the analysis of process or excess heat usage.

Baring-Gould E.I., "Hybrid2: The Hybrid System Simulation Model." NREL/TP-440-21272, Golden, CO: National Renewable Energy Laboratory, (1996).

Hybrid2, hybrid power system simulation software: http://www.ecs.umass.edu/mie/labs/rerl
HOMER, the optimization software for distributed power

The HOMER software is a broad-based optimization tool that is used to determine a basic system design given a specified resource, community load, and certain economic parameters. The model considers wind, PV, battery, micro-hydro, small modular bio-power, hydrogen, and diesel technology in its analysis. It is a very good screening model that allows a system designer to determine the basic system configuration before detailed design and analysis begin. It includes a sensitivity analysis capability that automatically reruns the model over a user-specified range of key input parameters. The most recent version of the software, version 2.0, allows the use of multiple diesel generators and can analyze systems with or without storage. The code only uses one-hour time steps and thus is more applicable to long-term performance modeling or component sizing. It would have to be followed by more detailed analysis of system performance issues for high-penetration wind/diesel systems.
HOMER, the optimization software for distributed power: http://www.nrel.gov/homer/

Appendix B: Primer on Diesel Retrofit Opportunities.

As background the following provides an overview of the different technology options available to retrofit a diesel power system. This is not meant to be all-inclusive and only covers internal changes to the power station. This does not address external efficiency measures that may also improve the performance of the power station.

There is a ranking of options for retooling a diesel power station, ranging from simply insuring that the diesels that are installed at the plant are appropriately sized for the expected loads through the implementation of very advanced renewable based power systems. 
Resizing of diesel generators: 

The first opportunity to reduce the fuel consumption of a diesel power plant is to consider the size of engines that make up the plant. In many cases diesel engines are oversized for the expected load since they are usually sized for the maximum possible load, not the normal or early morning load. Although this may seem like a safe procedure that lowers the risk of improper sizing, it may increase the fuel consumption of the plant. The impact of this will depend greatly on the size and age of the diesels under consideration as newer diesel engines have much better lower power efficiency.

Application of advanced diesel control

Larger diesel plants often contain multiple diesel engines of various sizes. In these systems, it is more likely that the diesels will be the appropriate size; however, the diesels operating at any given point may not be the most efficient combination to cover that load. In these systems, controls can be placed on the diesel generators to enable automated dispatch and more efficient operation. Each genset is provided with controls for auto starting, synchronization, and load matching while a master control is used to coordinate diesel dispatching and load sharing. Automated systems have the additional advantage of detailed operational data collection and monitoring. Fuel savings depend on the current system design and dispatch strategy, but tend to be cost effective in larger systems where the current dispatch strategy is either inefficient or labor intensive. The use of advanced controls may add a level of technical sophistication that will only be appropriate in larger communities.

Installation of batteries and a power converter to cover low load periods

This approach is applicable in a single-diesel system if the community has periods of the day with very light loading compared to the peak load. In these cases, the existing diesel is generally oversized for the low load period, thus it operates with poor efficiency. A retrofit battery bank and power converter, where stored energy from the battery is used to power the converter and cover the load, allows the generator to be turned off during periods of light loading. The batteries are then recharged when the generator is operating at higher efficiency. This approach may also be used to expand the hours of service of a particular plant without greatly increasing the system operation costs. In multiple-diesel systems, the addition of batteries can preclude the need to start an additional generator that must run at low loading to cover fluctuations in power over the rating of the primary generator. In either case, the generator recharges the batteries during other periods of the day. The decision of whether to install a converter/battery bank or a smaller diesel to cover these low load periods is dependent on the ratio of low load to diesel size and should be considered carefully. The potential cost savings depend on the load profile and the sizes of the diesel generators. The size of the battery bank depends on the energy requirements of the low load period. The size of the inverter depends on the magnitude of the load during the low load period. Both the initial cost and the periodic replacement cost of the batteries must be weighed against the reduction in operation and maintenance expenses. In this system the batteries cover the load in the early morning and then are recharged by the diesel later. 27 liters of fuel is saved each day versus the original all-diesel system.

Install renewable technology to reduce diesel operation

Retrofitting diesel power plants to incorporate renewable based power generation allows for a potentially less expensive generation source to be used. In plants with many large diesels, where there is always a demand for power, the renewable based energy is used to offset power production by the generators, potentially to the point where all generators can be shut off. The addition of renewable based power may also reduce the number of generators operating at any given time, thus reducing the diesel maintenance requirements. Because system dynamics and power stability are of primary concern, the power system must be designed to insure that the inclusion of the renewable based generation does not degrade overall power quality. 

This approach can be very cost effective but is capital intensive due to the cost of the new generation and system controls. The potential cost savings depend on the renewable resource, component maintenance costs, equipment capital costs and the fuel price. Based on current prices, PV is usually not cost effective in large systems when compared strictly to the marginal cost of diesel fuel. Plants with access to reasonable wind resources, generally greater than Class 1 ( 5.9 m/s annual average ) could significantly reduce operating costs by the inclusion of some amount of wind generation. 

The next sections describe different considerations and configurations of wind / diesel power stations. 

Wind/diesel applications

Wind/diesel power systems can vary from simple designs in which wind turbines are connected directly to the diesel grid with a minimum of additional features, to more complex systems. Two overlapping concepts depict the system design and required components: the amount of energy that is expected from the renewable sources (system penetration) and the decision to use a storage device to cover system energy fluctuations. Given today’s technology, these issues are usually selected by the system designers as a starting point for system design. Both of these concepts are described in the following section. 

Renewable Penetration

When incorporating renewable-based technologies into large power systems, the amount of energy that will be obtained from the renewable sources must be determined because this will dictate which components will be used. Steve Drouilhet developed the following classification and definitions of system penetration that characterize the levels of system complexity:
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The difference in these equations is in the units. Instantaneous penetration is in terms of power; thus, it is the ratio of how much power is being produced by the renewable resources at any specific instant. The average penetration is in terms of energy; it includes a time domain and is thus measured over days, months, or even years. In some sense, average penetration is in the domain of the economist and instantaneous penetration falls in the realm of the engineer. Drouilhet also proposed a three-level classification system based on system penetration that separates systems along power and system control needs (Table B.1). 

TABLE B.1: PENETRATION CLASS OF WIND-DIESEL SYSTEMS 

	PENETRATION CLASS
	OPERATING CHARACTERISTICS
	PENETRATION

	
	
	PEAK INSTANTANEOUS
	ANNUAL AVERAGE

	LOW
	· Diesel runs full-time

· Wind power reduces net load on diesel

· All wind energy goes to primary load

· No supervisory control system
	< 50%
	< 20%

	MEDIUM
	· Diesel runs full-time

· At high wind power levels, secondary loads dispatched to ensure sufficient diesel loading or wind generation is curtailed

· Requires relatively simple control system
	50% – 100%
	20% – 50%

	HIGH
	· Diesels may be shut down during high wind availability

· Auxiliary components required to regulate voltage and frequency

· Requires sophisticated control system
	100% - 400%
	50% – 150%


Proposed by Steve Drouilhet 

Wind / Diesel Power System Configurations.

Low-penetration systems: Many low-penetration systems have been installed worldwide. These vary from small to relatively large isolated grids, such as those found on several Greek islands. In fact, some large grids, such as those found in certain areas of the United States and Europe, reach a wind power penetration that would classify them in the same category as low-penetration systems. Basically, low-penetration systems are those in which the renewable generation source is just another source, requiring no special arrangements. The control technology required at this level of generation is trivial, especially given the control, flexibility, and speed of modern diesel and wind systems. In many systems, no form of automated control is required—the wind turbines act under their commercial controllers and an operator monitors all system functions. Because the diesel engines are designed to allow for rapid fluctuations in power requirements from the load, the addition of wind has very limited impact, if any, on the ability of the diesel control to provide the remaining difference. Issues of spinning reserve, a term used to represent the availability of instantaneous system capacity to cover rapid changes in system load or energy production, are addressed by the allowable capacity of the diesel engines, which in many cases can run at 125% rated power for short periods of time with no adverse impact on the diesel or generator. A generic schematic of a low penetration system is shown in Figure B.1.
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Medium-Penetration Systems: Systems with larger ratios of renewable energy contribution fall into this category. Allowing power penetrations of up to 50% will allow any under-loaded diesel generators in multiple diesel plants to be shut off or for production to be switched to a smaller unit. This in turn will reduce plant diesel consumption and reduce diesel engine operation. However, this may also open the power system to potential shortfalls, assuming the loss of one or more of the wind generators or diesel engines. In addition, with a large penetration of energy being produced by the variable renewable source, it will become harder for the operating diesel units to tightly regulate system voltage and maintain an adequate power balance. There are options to ensure that the high-power-quality requirements of the power system are maintained, even with half of the energy provided by renewable sources. Some of the options include power reduction capabilities within the wind turbine controller, the inclusion of a secondary loads to ensure that no more than a specified amount of energy will be generated by the wind, installation of capacitor banks to correct power factor, or even the use of advanced power electronics to allow real time power specification.

Spinning reserve on medium-penetration power systems requires experience in regard to proper power levels and system commitments but is not considered technically complex. Such spinning reserve questions should be handled on a case-by-case basis but can be partially solved by using options including the use of advanced diesel controls, the installation of a modern diesel engine with fast start and low loading capabilities, controlled load shedding or reduction, power forecasting, and proper system oversight. Combined with the use of variable-speed or advanced power conditional available on many modern wind turbines, the control requirements of medium-penetration systems are quite simple. The ability to provide high power quality in medium-penetration power systems has been demonstrated for years in a number of highly important locations. The most notable examples are the military diesel plants on San Clemente Island and Ascension Island and the power system in Kotzebue, Alaska. All of these systems have experienced power penetration at or above these guidelines set for medium penetration systems.

High-Penetration Systems: Although this technology has been demonstrated on a commercial basis, high-penetration wind-diesel power stations require a much higher level of system integration, technology complexity, and advanced control. The principle of operation of high-penetration systems is that the required equipment is installed in addition to the wind turbine so that the diesel can be shut off completely when there is an abundance of renewable-power production. Any instantaneous power production over the required electrical load, an instantaneous penetration over 100%, is supplied to a variety of controllable secondary loads. In these systems, synchronous condensers, load banks, dispatchable loads (and possibly storage in the form of batteries or flywheel systems), power converters, and advanced system controls are used to ensure power quality and system integrity. Spinning reserve is created through the use of short-term storage or the maintenance of a consistent oversupply of renewable energy.  Although these systems are being demonstrated commercially, they are not yet considered a mature technology and have not been demonstrated on systems larger than approximately 200 kW average load. A generic schematic of a high penetration with storage is shown in Figure B.2.

Systems with storage and without: Until recently, it was assumed that wind-diesel systems without storage were theoretical, possibly born out of short-term testing in test-stand-based power systems. This is no longer the case. Commercially operating short-term and no storage systems have been installed in recent years, demonstrating that either technology choice is viable.

In systems incorporating storage, the storage is used to cover short-term fluctuations in renewable power. The premise of this system design is that a large penetration of renewables is used (up to 300% of the average power requirements), and when the renewable-based generators are supplying more power than is needed by the load, the engine generators can be shut down. During lulls in the renewable power generation, discharging the battery bank or other storage device supplies any needed power. If the lulls are prolonged or the storage becomes discharged, an engine generator is started and takes over supplying the load. Studies have indicated that most lulls in power from the wind are of limited duration, and using storage to cover these short time periods can lead to significant reductions in the consumption of fuel, generator operational hours, and reduced generator starts.
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In large power systems, the installation of a battery bank to cover shortfalls in renewable production may not be feasible, mainly due to cost. However, without the use of storage, it is very difficult to control the stability of a conventional power grid with large quantities of renewable power—thus the challenge of hybrid systems without storage. This configuration is based on the AC bus and does not use batteries to provide grid stabilization. The basic premise of these systems is that the installed capacity of the renewable technology is much larger than the load. When the renewable devices are operating and producing more energy than is needed by the load by some margin, usually between 125% and 150%, the dispatchable generators can be turned off. External control devices, such as dispatchable secondary loads, fast acting dump loads, synchronous condensers, and advanced diesel control are used to maintain system stability and control. If the renewable energy dips below a specified threshold, a generator is started to insure power security or some of the dispensable loads can be disconnected to increase the systems headroom. This type of system produces a large amount of extra energy that must be used if the project is to be economical. This is completed with a large thermal storage tank that acts as a buffer for the electrical load, allowing the smoothing of the variable wind energy and dispatching a diesel generator when there is not enough energy to cover the loads or if the thermal storage tank temperature drops below a specified limit. The control system and hardware requirements are less complex than a system using battery storage, however, the facility must have a large and expensive heating requirement to cover the cost of the additional infrastructure, which is the case for Antarctica.

All high-penetration systems, with and without storage, have been installed in northern climates where the extra energy can be used for heating buildings or water, displacing other fuels. In these systems, it may be wise to install uninterruptible power supplies (UPSs) on critical loads. Although few systems have been installed, the concept is economically attractive and can drastically reduce fuel consumption in remote communities.

Appendix C: Control of wind diesel power systems

Wind/diesel power systems can vary from simple designs in which wind turbines are connected directly to the diesel grid with a minimum of additional features, to more complex systems.

 , Hunter et. al. (1994) and Lundsager et. al. (1994). The important complication of adding wind power to diesel plants is that the production of energy from the wind turbines is controlled by the wind, meaning most turbines can not control either line frequency or voltage and must rely on other equipment to do that. With only small amounts of wind energy the diesel engines can provide this control function while with larger amounts of wind energy other equipment is necessary.

Four issues are of primary importance when addressing power system stability; system voltage, system frequency, power factor balance and harmonic distortion. Power system voltage is generally controlled by voltage regulators on rotating machinery, although it can also be conducted by modern solid state devices. System frequency is controlled by maintaining a balance of power on the grid, if two much power is being generated, system frequency increases, if to much power is called for, frequency decreases. Reactive power again is generally managed by rotating machinery or advanced solid state devices. Lastly, harmonic distortion is the impact on the wave form of the power being supplied and can be a problem with systems incorporating a large number of electronic devices, both within generation and the load. 
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As an illustration of the balancing of generation and consumption of power, Figure C.1 shows the power balance of a basic wind diesel system, where the instantaneous consumer load is shown as 100% load. The system in the figure has an unusually high proportion of wind energy in order to highlight the issues. 

At low wind speeds the diesel generator produces all the power required, but as the wind speed increases the increased power production from the wind turbine is reflected by a decreased production from the diesel generator.

[image: image65.wmf]Company

Generator 

Model

Diesel 

Model

Number 

of Units

Power 

(kWe)

Caterpillar

SR4B-594

3412C TA

5

650

Caterpillar

SR4B-693

3512 TA

1

1100

Caterpillar

SR4B-2730

3512B TA

1

1400


At low wind speeds the diesel generator produces all the power required, but as the wind speed increases the increased power production from the wind turbine is reflected by a decreased production from the diesel generator. Eventually the diesel generator reaches its minimum load defined by the manufacturer and the surplus power must be taken care of by either limiting the power production from the wind turbine or by diverting the surplus power in a controllable load. If the system configuration and control allow it, in this case the diesel could also be shut off, allowing the load to be supplied completely by wind energy.

Basic System Control and Operation

The simplest large wind diesel system configuration is shown in figure C.2 where a standard grid connected wind turbine with an induction generator is connected to the AC bus bar of the system. This represents a simple low penetration power system.

When the wind turbine power output is far less than the consumer load minus the diesel minimum load, the diesel governor controls the grid frequency while the voltage regulator of the synchronous generator of the diesel set controls voltage. 

If the designed wind turbine output is about equal to the consumer load minus the diesel minimum load, controllable resistors, typically referred to as a dump load, may be included to absorb possible surplus power from the wind turbine, in which case the dump load controller helps to regulate the frequency. This would be termed a medium penetration power system.
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If the wind turbine can produce more power then is needed by the load a more complicated system is needed that may also incorporate energy storage to smooth out fluctuations in the wind energy. In this case some surplus energy is saved for later release when the need arises. If the wind production is more than the load, it then becomes possible to shut off all diesel generators altogether. Although this maximizes fuel savings it requires very tight control of all power system components to insure system stability. Additionally the fluctuating nature of the wind power may pose extra problems for the control and regulation of the system. This last configuration would be characteristic of a high penetration power system.

As can be intuitively understood, the higher the wind penetration, the more energy that can not be used by the electric loads is generated. Instead of just dissipating this surplus power in a dump load the power can be used to satisfy additional community loads such as 

· Fresh water production by e.g. desalination, purification etc.

· Ice making 

· Water heating

· House or district heating

and much more. Usually these loads are broken into two categories 

· Optional loads, loads that will only be met if and when surplus power is available as other energy sources can be used when excess energy is not available, for example space heating. 

· Deferrable loads, loads that must be met over a fixed period of time, for example on a daily basis, and if not supplied by surplus power will be served by primary bus bar power.

Additionally, some loads can be controlled by the power system to instantaneous reduce the required power demand, thus saving the system from having to start an additional generator to cover what is only a momentary defect of power.

Control of systems using energy storage

There are two general parameters that are used to control systems using energy storage, battery state of charge (SOC) and system load. Generally the inverter is used whenever the renewables and battery subsystem can satisfy the load, based on the battery state of charge, the generator is used for back-up power when renewables and energy from the battery bank can not satisfy the load. 

Using battery SOC for system control has been used in industry for many years while the first published papers of come from Manwell et al., 1989
, in a strategy that was coined Cycle Charging. Using this strategy the main goals is to reduce the run time of the diesel engines and insure that when they are operating, they are operated near peak efficiency. Cycle charging dictates that the batteries are used to cover any deficiency in renewable power to keep a diesel from being started. Once the batteries have been discharged the diesel is started and run covering the load and charging the batteries at the maximum rate possible. The diesel will continue to operate until the batteries have been charged to a state of charge specified by the operator at which point the batteries are again used to cover any deficits. The decision making process basically follows these two steps:

Battery SOC above ~ 30%: Inverter and/or renewables cover the load if possible. Excess renewable power is used to charge the batteries. The 30 % SOC limit on the battery is arbitrary and will depend on the type of batteries used. 

Battery SOC reaches ~ 30%: Engine starts to cover the load and charges the battery bank. If any energy is generated by the renewables it is also used to charge the battery bank. When the battery reaches a set SOC, usually around 80 to 90% SOC, the diesel is shut off and the inverter takes over the load.

Figure C.3 demonstrates this method of control for a hypothetical power system. The method is advantageous for its simplicity in logic and control, requiring only the measure of battery state of charge, which is usually approximated by battery voltage. The simplicity of this method does have drawbacks in regards to use of the battery bank and the losses that result. This can be seen in Figure C.3 where the lower battery charge starts the diesel engine, resulting in a charged battery that is immediately discharged to cover the large evening load. The losses associated with this process would be quite large compared to operating the diesel to cover the evening peak load.

This introduces the second control factor, which is load. In many cases it is possible to select a load level, either in power or current, at which point the generator is started. This is done because of the inefficiencies of drawing large quantities of energy out of the battery bank. In this case, even if the batteries are full, the engine would be used to cover the high load periods. Care should be given to the selection of the location of power or current measurement so that energy generated by the renewables can be taken into account. In many cases, although the load to the community may be high, renewable sources may be generating a large portion of this power, only requiring limited energy from the battery bank. In this case, starting the generator to make up this small load threshold would be very inefficient.
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In 1995 Dr. C.D. Barley introduced the concept that instead of using the engine generators to charge the batteries, they should be left discharged to maximize the capture of power from the renewables, (Barley, 1996)
. The engine generator is only used to provide equalization charges of the battery as required. Barley expanded on this topic to define the Frugal Dispatch Strategy where the battery through-put cost, the total cost for each kWh taken out of the battery, is used to determine a load over which it is less expensive to supply the load by starting a engine generator. The battery supplies all loads under this critical load while the generator supplies any loads above. The strategy recommended in this text is that a combination of these strategies. The battery should be used to cover loads below a specific amount, the critical load specified by Dr. Barley. When the battery is depleted or the load is large, the engine generator is started and used to cover the load and charge the battery. At any point during the charging, if the power from the renewables can cover the load or the load drops below the critical level than the generator is also shut off and the load is covered by the renewables and the battery bank. The generator remains off until the battery again reaches the low state of charge set point. This method allows for the capture of power produced by renewables without the potential of leaving the battery bank at a low state of charge for extended periods of time. Again, it should be clear that there are many control methods available. The ability to accurately model different control options can assist in the determination of the best control logic for a specific system. 

In most power systems of this type, system control is dispersed to a number of different components, usually using the voltage of the battery bank as the control variable. Each renewable generation device will come with or include a charge controller that moderates the energy that is passed to the battery bank, based on the voltage. The inverter/power converter usually uses battery voltage to regulate energy from the battery bank and to start any dispatchable generator if possible. Because of this, generally the system user has limited ability to specify system control other than through a few specific set points.

Short term energy storage (Power storage)

The second major use of battery storage is to cover short-term fluctuations in renewable power and allow a dispatch-able generator to start if the lapse in renewable power becomes prolonged. The premise of this system design is that a large penetration of renewables, primarily wind power, is used in the system design, up to 300% of the average power requirements. When the renewable based generators are supplying more power than is needed by the load, all of the engine generators are shut down. The power of the system is regulated through the use of dispatchable productive use loads, dump loads, and/or a synchronous condenser. During lulls in the renewable power generation, discharging the battery bank makes up any difference. If the lulls are prolonged, or the battery bank is becoming discharged, an engine generator is started and takes over supplying the load. The batteries are recharged and when the renewable power can again cover a portion of the load, the generator(s) are shut off and the process repeated. Studies have been completed which indicate that most lulls in power from the wind have only a limited duration and using battery storage to cover these short time periods can lead to significant reductions in the consumption of fuel, generator operational hours and reduced generator starts( Beyer, 1995 & Shirazi, 1997)
,
.

Systems based on the power storage concept will be focused primarily on the AC bus, though DC based systems are also possible. In these systems the generators are designed to be an integral part of the system, not just a back-up power source if the batteries are depleted. The addition of the dump load, which may actually have productive uses like heating or the production of hot water, and a synchronous condenser will add to system cost but are required to maintain system stability. Figure C.4 provides a schematic of a possible hybrid system based on an AC bus architecture using the power storage concept. In this system the AC wind turbines and engine generator provide power directly to the AC loads. A rotary converter or large solid state power converter is used to either charge the battery when excess power is available, provide power from the battery when there is a deficit or simply to provide reactive power and voltage control when the engine  generators are shut down. An advanced control system will be required to operate this system successfully. The battery bank will be quite small, providing power for only up to 30 minutes of the average load.

Since the generators are the primary devices that are used to control system frequency, voltage and reactive power requirements, when the generators are off, other devises must be used to perform these tasks. Two devises are commonly used, a synchronous condenser to provide voltage control and reactive power and a controllable load bank to maintain system frequency. 

Figure C.5 shows how this type of system might respond given certain wind and loading conditions. During the first 40 minutes of the data, the wind covers the load with the storage being used occasionally for short lulls. The wind then dies and the battery is required to cover the load. After five minutes, a diesel is started to supply the load, which happens two minutes later. The diesel is run for about 20 minutes charging the battery at which point the wind has strengthened and the diesel is again shut down. The strong wind is only temporary and the diesel is forced to restart in the 80th minute. Around the 100th minute, the wind again strengthens and the diesel is shut off. After another 40 minutes, the wind decrease, requiring the diesel to again be brought on line. The diesel remains active for the rest of the time with the diesel and wind turbine providing power for the load and re-charging the battery bank to a full state of charge.

In this architecture, it is helpful that the coincidence between the renewable resource and load is high because there is very little storage to allow energy generated at one time to be used at another. Unlike the long term energy storage case, it is important for the battery bank to be mostly recharged before the dispatch-able generator is shut down so that it can be used to smooth out fluctuations in the power produced by the renewables. In addition, the amount of energy going through the battery bank is small compared to the load and so the losses associated with charging the battery with energy generated from fossil fuel is minimal. A system of this nature will require more frequent generator starts and faster loading of the engine generators because of the variability in the renewable resource and limited storage capacity. This may require that the generator oil and/or cooling water be heated, allowing quicker engine loading but adding to maintenance cost and complexity.

One of the critical elements in regards to the design for systems incorporating power storage is that tight control needs to be kept over system power quality, voltage and reactive power requirements. In long term energy storage systems, the large battery bank provides a buffer that increases system stability while, due to their small size, the batteries in short term power storage systems are not able to perform this task. There are numerous ways to maintain stability in systems with small battery banks, some of the more popular are;

· Active control of the wind turbine(s) to reduce power production when an excess is being produced. This may be done by shutting turbines down or adjusting the power production through the use of alerons, mechanical pitching mechanisms or power control. 

· Installations of dispatch-able loads to consume extra power, such as resistance heating or water purification.

· Load shedding, a process where non-critical loads are temporarily shut off to quickly reduce system load.

· Backdriving the diesel generator, a process where power is actually put into the generator to overcome the generator losses while keeping the generation running so that it can be loaded quickly. This is analogues to using a cars engine to control speed while going down hill.

· Installing systems, like block heaters, to allow quick starting of generators. 

· Installation of a capacitor bank to smooth out rapid system fluctuations and partially correct the systems power factor

· Installation of a synchronous condenser or rotary converter, which is used to produce reactive power and help control system voltage.

· Use of fast acting dump loads to maintain a load balance and thus control system frequency.



.



Some of these devices are active mechanisms that are controlled by a central computer or operator while others are passive devices that need no manual interface. Generally, a number of these devices will be included in a power system to provide control during different modes of operation. In most cases one or more computer based controllers, programmable Logic Controllers (PLC’s), are required in this type of system.

Control of systems using power storage

The type of control strategy used for these applications has been called Short Term Power Smoothing, (Baring-Gould, 1998
. & Barley, 1996). Battery storage is used to cover short fluctuations in the power output of the renewables, allowing diesels to be shut down during times of excess power and then started during a loss of renewable power. The strategy requires the diesel to meet the average net load, the system load minus the renewable power generation, with the batteries covering any power fluctuations above zero net load when the diesel is off. The diesel(s) are started if the battery bank is discharged to a moderate state of charge. When operating the diesel(s) will operate at a level to cover the load and charge the battery at the maximum rate possible. Diesel charging of the battery will stop and the diesel shut down if the renewables can again cover the portion of the load that a diesel was supplying. In multiple diesel systems, diesels may be switched off and on based on the same net-load condition, even if some diesel engines are already operational. The control question is, does the balance between the energy required by the user and the energy being generated by the system allow for a diesel engine to be shut down. The decision to start an engine generator must be made while the battery bank has the power to allow for proper warm-up of the generator before it is loaded. In this case, it is more important to have a full battery, even at the expense of diesel fuel.

Power system with renewable and conventional generation without storage.

In large power systems, the installation of a battery bank to cover shortfalls in renewable production may not be feasible, mainly due to cost. However, without the use of storage, it is very difficult to control the stability of a conventional power grid with large quantities of renewables power, thus the challenge of hybrid systems without storage.  This configuration, as shown in figure C.6, is based on the AC bus and does not use batteries to provide grid stabilization. These systems range in size from 1 MWh/day upwards. Two general classifications of systems without storage are given, low and high penetration hybrid systems.

Low penetration systems are usually defined where the total power generated from the wind turbines is between 25 and 40% of the total power supplied to the load, usually called annual energy penetration. Because system dynamics and power stability are of primary concern, at least one diesel generator is operated continuously and the wind penetration is usually only a fraction, from 20% to 70%, of the average load at any given time, called instantaneous penetration. Advanced control components can be included with these systems to allow for the shutdown or control of individual wind turbines and/or diesels depending on the resource, load, and system control requirements. It is recommended that the wind turbines selected be considered based on their power impact on the system, the more benign the impact, the better the system will perform. Figure C.7 shows the hypothetical results of installing wind turbines and controls onto a diesel system for a large community.


In this case, wind power and the first diesel are initially being used to cover the load, each supplying about half of the needed power. As the wind decreases, the diesels are switched so that the larger of the units, diesel #2, provides for the load. Eventually the load increases and wind decreases to a point that both diesels are needed to cover the load. During the late part of the day the wind again increases and the system returns to only operating with one diesel unit. This configuration saves about 1200 liters of fuel per day, about 15% of the total consumption compared to a system with only diesel generators. 

Other types of renewable technology could also be used in large, low penetration hybrid power systems. Such technology could include river run micro-hydro, solar electric, solar thermal and bio-gas/biomass. Each of these technologies have different, but more stable performance characteristics, which would greatly simplify the system stability questions. The problem however becomes one of economics, low penetration hybrid systems put renewables in direct competition with the avoided cost of fossil fuel, usually diesel, which, depending on the market, can be quite low. This forces the use of only the most mature and inexpensive renewable technologies.

High penetration renewable systems using wind power without storage are currently receiving much attention, although only one system has operated for any length of time. The basic premise is that the installed capacity of the renewable technology is much larger than the load. When the renewable devices are operating and producing more energy than is needed by the load by some margin, usually between 125% to 150% of the load, then the dispatchable generators can be turned off. External control devices, such as dispatchable loads, dump loads, synchronous condensers, and advanced diesel control are used to maintaining system stability and control. If the renewable energy dips below the threshold, a generator is started to insure power security. As can be imagined, this type of system produces a large amount of extra energy that must be used if the project is to be economical. At this point all high penetration systems, with and without storage, have been installed in northern climates where the extra energy can be used for heating buildings or water, displacing other fuels. In these systems, it may be wise to install un-interruptible power supplies (UPS’s) on critical loads. Although few systems have been installed, the concept is economically attractive and can drastically reduce fuel consumption and power generation cost in remote communities.

Control of systems without storage.

Some of the considerations about the control of hybrid systems without storage have already been introduced and focus primarily on the interactions of the wind and dispatchable engines, usually diesel, components. As the above discussion hopes to make clear, the control of these systems is determined by the sizing of the different components and the expected system operation. In low to medium penetration systems, system control may be rather simple, relying on strong component control, but limited system wide control. In fact, some of the most successful large low penetration systems use no overall system control, just monitoring that allows system operators to dispatch different components as needed. In higher penetration systems, where the ratio of renewable energy to the load is larger, automated control, usually using PLC controllers, is required. These elements of system control can be rather complex, requiring a high degree of system understanding as well as prolonged testing prior to implementation.

One additional control concepts should be introduced due to its importance in remote plant operation, spinning reserve. The term spinning reserve is used to describe the headroom in production a plant has at any specific time to supply unexpected load increases. It is calculated by subtracting the operating power of a plant by the rated capacity of all of the components currently operating in that plant. However, spinning reserve costs money, in terms of fuel and increased maintenance for the diesels that our operating but not being used. Depending on the type of system configuration and control being used, retrofitting a diesel plant with renewable technologies can either increase or decrease the spinning reserve or the need for it.
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Background

This is a preliminary analysis of the potential for wind turbines to be introduced into the power grid in Santa Cruz and Baltra Islands in the Galapagos.  There are three potential wind turbine locations considered and two different load scenarios.  The three wind turbines sites evaluated are Baltra Island, Santa Rosa, and Camote.  The two load scenarios are Santa Rosa and Santa Rosa combined with Baltra.  This last load scenario would include the installation of a medium voltage line to extend the grid from Santa Rosa to Baltra.

The Hybrid Optimization Model for Electric Renewables (HOMER) was used to study the feasibility and cost effectiveness of using wind turbines for power generation.  This preliminary analysis uses approximate costs for various components and does not include detailed modeling of the dispatch of the diesels in this wind-diesel system.  However, the level of analysis is good for a comparison of the three different sites and to evaluate the wind penetration for the two different load scenarios.

Model Inputs

Hourly wind resource data the year 2005 for all three sites was used as input to the analysis.  Load data consisted of the average hourly load-profile for each month, so there were 12 different averaged 24-hour load profiles used.  In this first analysis two wind turbines were analyzed, an Enercon 33 and a Furlhander 250.  Turbines descriptions can be found in the Appendix along with a summary of the wind resource data.  Figure 1 shows a plot of the future combined load of Santa Rosa and Baltra, including the water desalination load.  Figure 2 shows the future load of Baltra, which is much smaller than Santa Rosa.
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Figure 2.  Future Baltra Load.

Model Inputs

Site location.  The average wind speed for Santa Rosa is 6.17 m/s, and Baltra is 6.02 m/s and Camote is 5.5 m/s.  Figure 3 shows a frequency distribution plot of the wind throughout the year for Santa Rosa, and Figure 4 shows one for Baltra.  There is slightly more power in the wind at the Santa Rosa site mostly due to a higher frequency of winds around 12 m/s.  The winds are very consistent and rarely reach the rated output of the wind turbine for both sites.  The Camote plot is not shown here as the winds are lower.
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Figure 3.  Frequency Distribution Plot of the Santa Rosa Wind Resource.
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Figure 4.  Frequency Distribution Plot of the Baltra Wind Resource.

Model Results

Preliminary model results are shown for the comparison of wind power output at the different sites in Figure 5.  The power output data is graphed against a range of 1-8 Enercon E-33 turbines installed.  The data show that the Baltra site produces a little bit more windpower than the Santa Rosa site, with the Camote site producing a lot less wind power than either of the other two sites.
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Figure 5.  Wind Turbine Power Production for All Three Sites.

The wind turbines rarely operate at rated power output (i.e., 330 kW) due to the lower and very consistent wind speeds, hence the turbines do not typically result in a ratio of wind power to total grid power of over 100%.  This level of wind power penetration on a grid can be accommodated. Depending on the number of wind turbines, special controls may or may not be needed, and this will require additional analysis with the Hybrid2 model to determine the exact penetration levels for different turbine scenarios. 

The energy penetration, as defined as the amount of energy out of the wind turbines divided by the total electrical grid demand, is shown in Figure 6.  It is seen that for 6-8 turbines the wind energy production is more than 20% of the total load, resulting in a fuel savings of up to 2,116,000 liters per year.  The wind energy penetration is higher at Santa Rosa because the load is smaller, as it does include the Baltra load.  As a result, and partly due to the overlapping of the wind resource with the load, the Santa Rosa site results in more “excess” electricity, although the amount of excess electricity is still below 1% of the total grid energy.
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Figure 6.  Wind Turbine Energy Output Divided by Total Electrical Demand.

Wind Turbine Comparison

Figure 7 shows a plot of the wind turbine energy output for two different turbines at the Santa Rosa site.  The power output from the Enercon E-33 and the Furlander 250, rated at 330 kW and 250 kW respectively, is plotted versus the annual energy output.  The Enercon E-33 produces more energy, but a more detailed analysis is needed to compare the cost of energy from the different wind turbine systems.


Figure 7.  Wind Turbine Energy Output Divided by Wind Turbine Capacity.

Wind turbine power production could be significantly higher using a turbine in the size range of 250-350 kW that had wind turbine blades optimized for a lower wind speed regime and hence lower cut-in (i.e., start up) wind speed.  Various turbine options should be modeled in the next phase of the project.

Summary

A preliminary wind turbine screening analysis was conducted for three sites and two load scenarios on the Islands of Santa Rosa and Santa Rosa and Baltra.  The analysis showed that the Baltra site with the addition of the Baltra load resulted in a slightly higher wind energy output.  The penetration of wind power could reach as high as 100% of the future Santa Rosa load.  

Diesel run time and fuel could be reduced somewhere in the broad range of 15%-30% at either wind turbine site assuming that 5- 8 wind turbines were installed, although additional modeling with the Hybrid 2 model is required to accurately estimate this number.  Diesel fuel savings in the range of 2,116,000 liters per year could be realized with 6-8 turbines installed.  Because of the high cost of grid extension and limited funding, installing the turbines at Santa Rosa would result in more wind power penetration because there would be more money for wind turbines.  However, additional factors such as environmental and space considerations should be evaluated for the two sites. 

Appendix E: Load Tables for Santa Cruz and combined Santa Cruz and Baltra 
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Appendix F: Equipment specification

Manufacture specification sheets for the following equipment used in the analysis are provided below:

1) Woodward controller specification

2) MADE AE59 wind turbine

3) Vergnet Wind Systems

4) Enercon E-33

5) Enercon E-48

6) Caterpillar SR4B-594

7) Caterpillar SR4B-693

8) Caterpillar SR4B-2730

9) PowerCorp, PowerStore Technical Specification

Photo � SEQ Photo \* ARABIC �2�: Several of the diesels at the Puerto Ayora diesel plant





Photo � SEQ Photo \* ARABIC �1�:  1100 kW diesel at the Puerto Ayora diesel plant





Photo � SEQ Photo \* ARABIC �3�: Woodward diesel load sharing and speed control





Photo � SEQ Photo \* ARABIC �4�: Diesel controller display





Photo � SEQ Photo \* ARABIC �5�: Beginning of the distribution system in Puerto Ayora





Photo � SEQ Photo \* ARABIC �6�: Step up voltage transformers at the diesel plant





Photo � SEQ Photo \* ARABIC �7�: Heavy equipment at the diesel plant





Figure � SEQ Figure \* ARABIC �1�: Future projected load for the communities on Isla Santa Cruz





Figure � SEQ Figure \* ARABIC �8�: Future projected load for the communities on Isla Santa Cruz and Isla Baltra.





Photo � SEQ Photo \* ARABIC �8�: 200 kW Detroit Diesel at Baltra





Photo � SEQ Photo \* ARABIC �9�: Diesel plant at Baltra





Figure � SEQ Figure \* ARABIC �3�: Expected future load for Baltra Island





Figure � SEQ Figure \* ARABIC �5�: 40m wind speed time series data from January 1st and 2nd, 2006 showing variation of hourly and ten minute average data for the Santa Rosa wind site





Figure � SEQ Figure \* ARABIC �6�: Frequency Distribution Plot of the Baltra Wind Resource.





Figure � SEQ Figure \* ARABIC �7�: 40m wind speed time series data from January 1st and 2nd, 2006 showing variation of hourly and ten minute average data for the Baltra wind site





Table � SEQ Table \* ARABIC �2�: Diesel generators used in the analysis





Table � SEQ Table \* ARABIC �3�: Maximum Number of Turbines Allowed at Specific Sites





Figure � SEQ Figure \* ARABIC �10�: Hourly Average Wind Speeds for 2005 at Baltra and Santa Rosa, demonstrating a limited correlation between the two sites.





Figure � SEQ Figure \* ARABIC �11�: 40m wind speed data for the January 2006 at Baltra and Santa Rosa





Figure � SEQ Figure \* ARABIC �12�: Power production from different numbers of Enercon E-33 wind turbines at all three sites





Figure � SEQ Figure \* ARABIC �13�: Power system wind penetration based on the installation of different numbers of Enercon E-33 wind turbines at all three sites





Table � SEQ Table \* ARABIC �7�: System performance using four MADE AE57turbines at multiple wind sites
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Figure B.1: Schematic of low penetration wind/diesel hybrid





Figure B.2: Schematic of high penetration wind/diesel power system using a rotary power converter





� EMBED AutoSketch.Drawing.6  ���





� EMBED QuattroPro.Chart  ���





Figure C.1: Simple power balance of a wind diesel power system





Figure C.2: Simple, low penetration wind / diesel power system





Figure C.3: Depiction of cycle the charging control strategy
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� EMBED Excel.Sheet.8  ���





� EMBED Sketch  ���
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Figure C.5: Depiction of 24-hours of operation of power storage hybrid power system
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Figure C.4: Schematic of a power storage hybrid system with a rotary converter





Figure C.7: Depiction of 24-hours of operation of a hybrid system without storage
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Figure C.6: Schematic of hybrid system with renewable and conventional generation without storage
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Table � SEQ Table \* ARABIC �5�: Penetration class of wind-diesel system





Table � SEQ Table \* ARABIC �4�: Summary of the wind turbine and site option costs





Figure � SEQ Figure \* ARABIC �2�: Santa Cruz Average Daily Load Profile
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		Series system

		10 kW inverter

		20 kW Generator

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		6.9		12		0		5.1		5.1		0

		2		6.7		12		0		5.3		5.3		0

		3		6.9		13		0		6.1		6.1		0

		4		8.2		11		0		2.8		2.8		0

		5		10.9		9		11.9		10.0		10.0		1.9				11.9

		6		10.2		8		12.2		10.0		10.0		2.2				12.2

		7		6.5		5		0		-1.5		0.0		1.5

		8		3.7		3		0		-0.7		0		0.7

		9		4.0		2		0		-2.0		0		2.0

		10		4.2		0		0		-4.2		0		4.2

		11		4.8		0		0		-4.8		0		4.8

		12		5.2		0		0		-5.2		0		5.2

		13		4.9		0		0		-4.9		0		4.9

		14		4.3		0		0		-4.3		0		4.3

		15		4.1		0		0		-4.1		0		4.1

		16		4.5		0		0		-4.5		0		4.5

		17		5.5		0		0		-5.5		0		5.5

		18		7.1		0		0		-7.1		0		7.1

		19		15.5		0		25		9.5		9.5		0				25.5

		20		17.2		0		25		7.8		7.8		0				27.2

		21		15.6		0		25		9.4		9.4		0				25.6

		22		12.2		4		18.2		10.0		10.0		0				18.2

		23		11.1		6		15.1		10.0		10.0		0				15.1

		24		8.3		6		0		-2.3		0		2.3

				188.4302100517		91		132.4				86.1		55.222821168

		Series system

		15 kW inverter

		20 kW Generator

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		6.9		12		0		5.1		5.1		0

		2		6.7		12		0		5.3		5.3		0

		3		6.9		13		0		6.1		6.1		0

		4		8.2		11		0		2.8		2.8		0

		5		10.9		9		0		-1.9		0		1.9

		6		10.2		8		0		-2.2		0		2.2

		7		6.5		5		0		-1.5		0		1.5

		8		3.7		3		0		-0.7		0		0.7

		9		4.0		2		0		-2.0		0		2.0

		10		4.2		0		0		-4.2		0		4.2

		11		4.8		0		0		-4.8		0		4.8

		12		5.2		0		0		-5.2		0		5.2

		13		4.9		0		0		-4.9		0		4.9

		14		4.3		0		0		-4.3		0		4.3

		15		4.1		0		0		-4.1		0		4.1

		16		4.5		0		0		-4.5		0		4.5

		17		5.5		0		0		-5.5		0		5.5

		18		7.1		0		0		-7.1		0		7.1

		19		15.5		0		25		9.5		9.5		0

		20		17.2		0		25		7.8		7.8		0

		21		15.6		0		25		9.4		9.4		0

		22		12.2		4		25		16.8		16.8		0.0

		23		11.1		6		0		-5.1		0.0		5.1

		24		8.3		6		0		-2.3		0		2.3

				188.4302100517		91		100		2.5697899483		62.9		60.2894878347

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		-6.9039437619		12		0		-5.0960562381		5.0960562381		0

		2		-6.6598812037		12		0		-5.3401187963		5.3401187963		0

		3		-6.8768972515		13		0		-6.1231027485		6.1231027485		0

		4		-8.2		11		0		-2.8		2.8		0

		5		-10.9		9		0		1.9		0		1.9

		6		-10.2		8		0		2.2		0		2.2

		7		-6.5		5		0		1.5		0		1.5

		8		-3.7053719248		3		0		0.7053719248		0		0.7053719248

		9		-3.9681094544		2		0		1.9681094544		0		1.9681094544

		10		-4.2424383456		0		0		4.2424383456		0		4.2424383456

		11		-4.8426132907		0		0		4.8426132907		0		4.8426132907

		12		-5.1633076283		0		0		5.1633076283		0		5.1633076283

		13		-4.8773873755		0		0		4.8773873755		0		4.8773873755

		14		-4.3100546216		0		0		4.3100546216		0		4.3100546216

		15		-4.1020540773		0		0		4.1020540773		0		4.1020540773

		16		-4.5000241589		0		0		4.5000241589		0		4.5000241589

		17		-5.4814261077		0		0		5.4814261077		0		5.4814261077

		18		-7.1422106392		0		0		7.1422106392		0		7.1422106392

		19		-15.5		0		25		-9.5		9.5		0

		20		-17.2		0		25		-7.8		7.8		0

		21		-15.6		0		25		-9.4		9.4		0

		22		-12.2		4		25		-16.8		16.8		0

		23		-11.0666666667		6		0		5.0666666667		0		5.0666666667

		24		-8.287823544		6		0		2.287823544		0		2.287823544

		Hour		Load		Wind		Diesel		Battery		Storage

		1		6.9039437619		12		0		5.0960562381		42%

		2		6.6598812037		12		0		5.3401187963		44%

		3		6.8768972515		13		0		6.1231027485		47%

		4		8.2		11		0		2.8		48%

		5		10.9		9		0		-1.9		47%

		6		10.2		8		0		-2.2		46%

		7		6.5		5		0		-1.5		46%

		8		3.7053719248		3		0		-0.7053719248		45%

		9		3.9681094544		2		0		-1.9681094544		44%

		10		4.2424383456		0		0		-4.2424383456		43%

		11		4.8426132907		0		0		-4.8426132907		41%

		12		5.1633076283		0		0		-5.1633076283		39%

		13		4.8773873755		0		0		-4.8773873755		37%

		14		4.3100546216		0		0		-4.3100546216		35%

		15		4.1020540773		0		0		-4.1020540773		33%

		16		4.5000241589		0		0		-4.5000241589		32%

		17		5.4814261077		0		0		-5.4814261077		29%

		18		7.1422106392		0		0		-7.1422106392		27%

		19		15.5		0		25		9.5		30%

		20		17.2		0		25		7.8		33%

		21		15.6		0		25		9.4		37%

		22		12.2		4		25		16.8		44%

		23		11.0666666667		6		0		-5.0666666667		42%

		24		8.287823544		6		0		-2.287823544		41%
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		Wind		Wind		Wind power		Wind power		Load		Power from Battery		Diesel power						Wind power		Load		Power from Battery		Diesel power

		7.92		7.92		5.74362832		114.8725664		87.5		-27.3725664		0						114.8725664		87.5		-27.3725664		0

		7.88		7.88		5.66807072		113.3614144		90		-23.3614144		0						113.3614144		90		-23.3614144		0

		8.11		8.11		6.11143298		122.2286596		91		-31.2286596		0						122.2286596		91		-31.2286596		0

		7.49		7.49		4.96556138		99.3112276		93		-6.3112276		0						99.3112276		93		-6.3112276		0

		8.52		8.52		6.95525152		139.1050304		93		-46.1050304		0						139.1050304		93		-46.1050304		0

		8.85		8.85		7.6841905		153.68381		92		-61.68381		0						153.68381		92		-61.68381		0

		9.36		9.36		8.89804048		177.9608096		93		-84.9608096		0						177.9608096		93		-84.9608096		0

		10.29		10.29		11.38446058		227.6892116		94		-133.6892116		0						227.6892116		94		-133.6892116		0

		10.01		10.01		10.59876938		211.9753876		93.5		-118.4753876		0						211.9753876		93.5		-118.4753876		0

		10.51		10.51		12.02420738		240.4841476		94.5		-145.9841476		0						240.4841476		94.5		-145.9841476		0

		11.52		10.5		11.9947		239.894		95		-144.894		0						239.894		95		-144.894		0

		11.38		10.56		12.17235568		243.4471136		96		-147.4471136		0						243.4471136		96		-147.4471136		0

		12.06		10.2		11.128432		222.56864		96.5		-126.06864		0						222.56864		96.5		-126.06864		0

		10.1		10.1		10.847828		216.95656		91		-125.95656		0						216.95656		91		-125.95656		0

		8.76		8.76		7.48098688		149.6197376		92.5		-57.1197376		0						149.6197376		92.5		-57.1197376		0

		8.29		8.29		6.47345258		129.4690516		94.5		-34.9690516		0						129.4690516		94.5		-34.9690516		0

		8.36		8.36		6.61780448		132.3560896		89		-43.3560896		0						132.3560896		89		-43.3560896		0

		8.63		8.63		7.19329922		143.8659844		88		-55.8659844		0						143.8659844		88		-55.8659844		0

		7.83		7.83		5.57454082		111.4908164		93		-18.4908164		0						111.4908164		93		-18.4908164		0

		7.27		7.27		4.59662402		91.9324804		94.5		2.5675196		0		1				91.9324804		94.5		2.5675196		0

		8.32		8.32		6.53507312		130.7014624		95		-35.7014624		0						130.7014624		95		-35.7014624		0

		8.95		8.95		7.9138445		158.27689		99		-59.27689		0						158.27689		99		-59.27689		0

		8.75		8.75		7.4586125		149.17225		98		-51.17225		0						149.17225		98		-51.17225		0

		8.49		8.49		6.89118538		137.8237076		98		-39.8237076		0						137.8237076		98		-39.8237076		0

		8.35		8.35		6.5970605		131.94121		96.5		-35.44121		0						131.94121		96.5		-35.44121		0

		7.25		7.25		4.5640625		91.28125		99.5		8.21875		0		1				91.28125		99.5		8.21875		0

		9.8		9.8		10.030472		200.60944		102.5		-98.10944		0						200.60944		102.5		-98.10944		0

		8.35		8.35		6.5970605		131.94121		104		-27.94121		0						131.94121		104		-27.94121		0

		8.27		8.27		6.43257602		128.6515204		104.5		-24.1515204		0						128.6515204		104.5		-24.1515204		0

		8.38		8.38		6.65941472		133.1882944		104		-29.1882944		0						133.1882944		104		-29.1882944		0

		7.5		7.5		4.9828		99.656		104.5		4.844		0		1				99.656		104.5		4.844		0

		8.22		8.22		6.33109792		126.6219584		105		-21.6219584		0						126.6219584		105		-21.6219584		0

		8.22		8.22		6.33109792		126.6219584		107.5		-19.1219584		0						126.6219584		107.5		-19.1219584		0

		8.87		8.87		7.72979522		154.5959044		109		-45.5959044		0						154.5959044		109		-45.5959044		0

		8.55		8.55		7.0196845		140.39369		109		-31.39369		0						140.39369		109		-31.39369		0

		8.03		8.03		5.95477442		119.0954884		112.5		-6.5954884		0						119.0954884		112.5		-6.5954884		0

		10.6		10.05		10.7090545		214.18109		113		-101.18109		0						214.18109		113		-101.18109		0

		8.33		8.33		6.55569482		131.1138964		114		-17.1138964		0						131.1138964		114		-17.1138964		0

		6.476		6.476		3.4291781888		68.583563776		114.5		45.916436224		0		1				68.583563776		114.5		45.916436224		0

		6.546		6.546		3.5217730408		70.435460816		117		46.564539184		0		2				70.435460816		117		46.564539184		0

		7.05		7.05		4.2474145		84.94829		118		33.05171		0		3				84.94829		118		33.05171		0

		7.83		7.83		5.57454082		111.4908164		117.5		6.0091836		0		4				111.4908164		117.5		6.0091836		0

		8.07		8.07		6.03277762		120.6555524		117		-3.6555524		0						120.6555524		117		-3.6555524		0

		5.634		5.634		2.4718932328		49.437864656		115		65.562135344		0		1				49.437864656		115		65.562135344		0

		6.872		6.872		3.9793102592		79.586205184		115.5		35.913794816		0		2				79.586205184		115.5		35.913794816		0

		6.434		6.434		3.3745799528		67.491599056		114.5		47.008400944		0		3				67.491599056		114.5		47.008400944		0

		6.46		6.46		3.40829408		68.1658816		114		45.8341184		0		4				68.1658816		114		45.8341184		0

		6.394		6.394		3.3232500968		66.465001936		112.5		46.034998064		0		5				66.465001936		112.5		46.034998064		0

		6.178		6.178		3.0573381992		61.146763984		115		53.853236016		0		6				61.146763984		115		53.853236016		0

		5.642		5.642		2.4796288232		49.592576464		115.5		65.907423536		0		7				49.592576464		115.5		65.907423536		0

		5.479		5.479		2.3271651758		46.543303516		114		67.456696484		67.456696484		8				46.543303516		114		-113.086607032		180.543303516

		5.759		5.759		2.5957424078		51.914848156		113		61.085151844		61.085151844		9				51.914848156		113		-123.829696312		184.914848156

		5.008		5.008		1.9474682432		38.949364864		112		73.050635136		73.050635136		10				38.949364864		112		-97.898729728		170.949364864

		5.969		5.969		2.8181463518		56.362927036		110.5		54.137072964		54.137072964		11				56.362927036		110.5		-132.725854072		186.862927036

		6.879		6.879		3.9896097358		79.792194716		109.5		29.707805284		29.707805284		12				79.792194716		109.5		-179.584389432		209.292194716

		6.359		6.359		3.2788714478		65.577428956		105		39.422571044		39.422571044		13				65.577428956		105		-151.154857912		190.577428956

		5.87		5.87		2.71105922		54.2211844		105		50.7788156		50.7788156		14				54.2211844		105		-128.4423688		179.2211844

		6.259		6.259		3.1548266078		63.096532156		107.5		44.403467844		44.403467844		15				63.096532156		107.5		-146.193064312		190.596532156

		5.9		5.9		2.743088		54.86176		107		52.13824		52.13824		16				54.86176		107		-129.72352		181.86176

		5.526		5.526		2.3700159688		47.400319376		112		64.599680624		64.599680624		17				47.400319376		112		-114.800638752		179.400319376

		5.281		5.281		2.1565311518		43.130623036		111.5		68.369376964		68.369376964		18				43.130623036		111.5		-106.261246072		174.630623036

		5.435		5.435		2.287865555		45.7573111		111.5		65.7426889		65.7426889		19				45.7573111		111.5		-111.5146222		177.2573111

		5.558		5.558		2.3997061832		47.994123664		112.5		64.505876336		64.505876336		20				47.994123664		112.5		-115.988247328		180.494123664

		5.747		6.747		3.7987537342		75.975074684		112		36.024925316		36.024925316		21				75.975074684		112		-171.950149368		207.975074684

		7.17		8.37		6.63858922		132.7717844		114		-18.7717844		10						132.7717844		114		-103.7717844		85

		7.27		8.47		6.84867842		136.9735684		115		-21.9735684		10						136.9735684		115		-106.9735684		85

		7.44		8.64		7.21518448		144.3036896		115		-29.3036896		10						144.3036896		115		-114.3036896		85

		7.49		8.69		7.32522218		146.5044436		117.5		-29.0044436		10						146.5044436		117.5		-114.0044436		85

		7.5		8.7		7.347352		146.94704		119		-27.94704		10						146.94704		119		-112.94704		85

		7.45		8.65		7.2371105		144.74221		119.5		-25.24221		0						144.74221		119.5		-25.24221		0

		7.45		8.65		7.2371105		144.74221		117		-27.74221		0						144.74221		117		-27.74221		0

		6.55		6.55		3.5271245		70.54249		111.5		40.95751		0		1				70.54249		111.5		40.95751		0

		6.568		6.568		3.5512867712		71.025735424		110.5		39.474264576		0		2				71.025735424		110.5		39.474264576		0

		5.963		5.963		2.8115425022		56.230850044		109		52.769149956		0		3				56.230850044		109		52.769149956		0

		5.989		5.989		2.8402651598		56.805303196		107.5		50.694696804		0		4				56.805303196		107.5		50.694696804		0

		6.813		6.813		3.8932939822		77.865879644		106		28.134120356		0		5				77.865879644		106		28.134120356		0

		6.275		6.275		3.174399875		63.4879975		102		38.5120025		0		6				63.4879975		102		38.5120025		0

		6.584		6.584		3.5728752128		71.457504256		101.5		30.042495744		0		7				71.457504256		101.5		30.042495744		0

		6.704		6.704		3.7381145408		74.762290816		96		21.237709184		21.237709184		8				74.762290816		96		-169.524581632		190.762290816

		7.19		7.19		4.46735618		89.3471236		90		0.6528764		10		9				89.3471236		90		-198.6942472		199.3471236

		6.858		6.858		3.9587712232		79.175424464		89.5		10.324575536		10.324575536		10				79.175424464		89.5		-178.350848928		188.675424464

		6.631		6.631		3.6368947118		72.737894236		89		16.262105764		16.262105764		11				72.737894236		89		-165.475788472		181.737894236

		6.854		6.854		3.9529176008		79.058352016		88.5		9.441647984		10		12				79.058352016		88.5		-178.116704032		187.558352016

		6.688		6.688		3.7157435072		74.314870144		90		15.685129856		15.685129856		13				74.314870144		90		-168.629740288		184.314870144

		6.892		6.892		4.0087903232		80.175806464		90		9.824193536		10		14				80.175806464		90		-180.351612928		190.175806464

		6.536		6.536		3.5084229248		70.168458496		87.5		17.331541504		17.331541504		15				70.168458496		87.5		-160.336916992		177.668458496

		6.482		6.482		3.4370366312		68.740732624		87.5		18.759267376		18.759267376		16				68.740732624		87.5		-157.481465248		176.240732624

		7.01		7.01		4.18604138		83.7208276		87		3.2791724		10		17				83.7208276		87		-187.4416552		190.7208276

		6.995		6.995		4.163194595		83.2638919		86.5		3.2361081		10		18				83.2638919		86.5		-186.5277838		189.7638919

		7.55		7.55		5.0696045		101.39209		86		-15.39209		10						101.39209		86		-100.39209		85

		6.71		8.25		6.3918625		127.83725		85.5		-42.33725		10						127.83725		85.5		-127.33725		85

		7.57		7.57		5.10461162		102.0922324		85		-17.0922324		10						102.0922324		85		-102.0922324		85

		7.28		7.28		4.61296592		92.2593184		84.5		-7.7593184		10						92.2593184		84.5		-92.7593184		85

		7.03		7.03		4.21664642		84.3329284		84		-0.3329284		10						84.3329284		84		-85.3329284		85

		6.487		6.487		3.4435965422		68.871930844		83.5		14.628069156		0		1				68.871930844		83.5		14.628069156		0

		6.486		6.486		3.4422837448		68.845674896		89		20.154325104		0		2				68.845674896		89		20.154325104		0

		5.676		5.676		2.5127961088		50.255922176		90		39.744077824		0		3				50.255922176		90		39.744077824		0

		6.973		6.973		4.1298518702		82.597037404		92.5		9.902962596		0		4				82.597037404		92.5		9.902962596		0

		6.324		7.4		4.812248		96.24496		93		-3.24496		0						96.24496		93		-3.24496		0

		6.952		7.8		5.518912		110.37824		94.5		-15.87824		0						110.37824		94.5		-15.87824		0

		6.93		8.1		6.091708		121.83416		91.5		-30.33416		0						121.83416		91.5		-30.33416		0

		7.22		8.2		6.290792		125.81584		88.5		-37.31584		0						125.81584		88.5		-37.31584		0

		6.564		8.4		6.701188		134.02376		87		-47.02376		0						134.02376		87		-47.02376		0

		7.41		7.6		5.157428		103.14856		89		-14.14856		0						103.14856		89		-14.14856		0

		7.13		7.3		4.645772		92.91544		87.5		-5.41544		0						92.91544		87.5		-5.41544		0

		6.037		7.1		4.325048		86.50096		90		3.49904		0		1				86.50096		90		3.49904		0

		7.04		7.04		4.23201008		84.6402016		90		5.3597984		0		2				84.6402016		90		5.3597984		0

		7.18		7.18		4.45138112		89.0276224		91		1.9723776		0		3				89.0276224		91		1.9723776		0

		7.87		7.87		5.64928322		112.9856644		93		-19.9856644		0						112.9856644		93		-19.9856644		0

		7.25		7.25		4.5640625		91.28125		93		1.71875		0		1				91.28125		93		1.71875		0

		8		8		5.8967		117.934		95		-22.934		0						117.934		95		-22.934		0

		8.14		8.14		6.17085248		123.4170496		95		-28.4170496		0						123.4170496		95		-28.4170496		0

		7.35		7.35		4.7285005		94.57001		99		4.42999		0		1				94.57001		99		4.42999		0

		7.47		7.47		4.93120642		98.6241284		94.5		-4.1241284		0						98.6241284		94.5		-4.1241284		0

		7.57		7.57		5.10461162		102.0922324		99.5		-2.5922324		0						102.0922324		99.5		-2.5922324		0

		8.47		8.47		6.84867842		136.9735684		102.5		-34.4735684		0						136.9735684		102.5		-34.4735684		0

		8.7		8.7		7.347352		146.94704		102.5		-44.44704		0						146.94704		102.5		-44.44704		0

		8.45		8.45		6.8063345		136.12669		104.5		-31.62669		0						136.12669		104.5		-31.62669		0

		9.3		9.3		8.749732		174.99464		105		-69.99464		0						174.99464		105		-69.99464		0

		9.25		9.25		8.6272625		172.54525		107.5		-65.04525		0						172.54525		107.5		-65.04525		0

		9.01		9.01		8.05359338		161.0718676		109		-52.0718676		0						161.0718676		109		-52.0718676		0

		8.96		8.96		7.93703408		158.7406816		108		-50.7406816		0						158.7406816		108		-50.7406816		0

		9.4		9.4		8.997728		179.95456		104.5		-75.45456		0						179.95456		104.5		-75.45456		0

		9.14		9.14		8.36141648		167.2283296		102		-65.2283296		0						167.2283296		102		-65.2283296		0

		9		9		8.0302		160.604		103		-57.604		0						160.604		103		-57.604		0

		7.7		7.7		5.336132		106.72264		103.5		-3.22264		0						106.72264		103.5		-3.22264		0

		9.06		9.06		8.17117168		163.4234336		105		-58.4234336		0						163.4234336		105		-58.4234336		0

		8.84		8.84		7.66144928		153.2289856		105.5		-47.7289856		0						153.2289856		105.5		-47.7289856		0

		7.13		7.13		4.37211722		87.4423444		106		18.5576556		0		1				87.4423444		106		18.5576556		0

		6.079		6.079		2.9418174158		58.836348316		106.5		47.663651684		0		2				58.836348316		106.5		47.663651684		0

		5.716		5.716		2.5524196928		51.048393856		107		55.951606144		0		3				51.048393856		107		55.951606144		0

		6.188		6.188		3.0692291072		61.384582144		107.5		46.115417856		0		4				61.384582144		107.5		46.115417856		0

		6.549		6.549		3.5257860238		70.515720476		108		37.484279524		0		5				70.515720476		108		37.484279524		0

		4.975		4.975		1.924254875		38.4850975		108.5		70.0149025		0		6				38.4850975		108.5		70.0149025		0

		3.572		3.572		1.3479324992		26.958649984		109		82.041350016		0		7				26.958649984		109		82.041350016		0

		3.724		3.724		1.3716178688		27.432357376		109.5		82.067642624		82.067642624		8				27.432357376		109.5		-74.864714752		156.932357376

		4.262		4.262		1.5311062472		30.622124944		110		79.377875056		79.377875056		9				30.622124944		110		-81.244249888		160.622124944

		4.598		4.598		1.6905610952		33.811221904		109		75.188778096		75.188778096		10				33.811221904		109		-87.622443808		162.811221904

		5.058		5.058		1.9834857832		39.669715664		108		68.330284336		68.330284336		11				39.669715664		108		-99.339431328		167.669715664

		5.174		5.174		2.0709708488		41.419416976		107		65.580583024		65.580583024		12				41.419416976		107		-102.838833952		168.419416976

		5.611		5.611		2.4497987198		48.995974396		106		57.004025604		57.004025604		13				48.995974396		106		-117.991948792		174.995974396

		4.27		4.27		1.53436802		30.6873604		105		74.3126396		74.3126396		14				30.6873604		105		-81.3747208		155.6873604

		4.132		4.132		1.4817586112		29.635172224		104		74.364827776		74.364827776		15				29.635172224		104		-79.270344448		153.635172224

		4.254		4.254		1.5278705608		30.557411216		103		72.442588784		72.442588784		16				30.557411216		103		-81.114822432		153.557411216

		4.903		4.903		1.8751482542		37.502965084		102		64.497034916		64.497034916		17				37.502965084		102		-95.005930168		159.502965084

		4.734		4.734		1.7681846728		35.363693456		101		65.636306544		65.636306544		18				35.363693456		101		-90.727386912		156.363693456

		5.067		5.067		1.9900771582		39.801543164		100		60.198456836		60.198456836						39.801543164		100		-99.603086328		159.801543164

		4.442		4.442		1.6108057832		32.216115664		99		66.783884336		66.783884336						32.216115664		99		-84.432231328		151.216115664

		4.645		4.645		1.716534395		34.3306879		98		63.6693121		63.6693121						34.3306879		98		-88.6613758		152.3306879

		4.939		4.939		1.8994374398		37.988748796		97		59.011251204		59.011251204						37.988748796		97		-95.977497592		154.988748796

		4.812		4.812		1.8161059072		36.322118144		96		59.677881856		59.677881856						36.322118144		96		-92.644236288		152.322118144

		4.415		4.415		1.598008955		31.9601791		95		63.0398209		63.0398209						31.9601791		95		-83.9203582		146.9601791

		4.434		4.434		1.6069831528		32.139663056		96		63.860336944		63.860336944						32.139663056		96		-84.279326112		148.139663056

		4.96		4.96		1.91385008		38.2770016		97.5		59.2229984		59.2229984						38.2770016		97.5		-96.5540032		155.7770016

		4.964		4.964		1.9166157248		38.332314496		97.5		59.167685504		59.167685504						38.332314496		97.5		-94.309316096		153.4770016

		5.005		5.005		1.945339595		38.9067919		98		59.0932081		59.0932081						38.9067919		98		-92.0837935		151.1770016

		5.039		5.039		1.9696790798		39.393581596		99		59.606418404		59.606418404						39.393581596		99		-89.270583196		148.8770016

		5.122		5.122		2.0310751592		40.621503184		99		58.378496816		58.378496816						40.621503184		99		-88.198504784		146.5770016

		5.266		5.266		2.1442554728		42.885109456		97.5		54.614890544		54.614890544						42.885109456		97.5		-89.662111056		144.2770016

		5.801		5.801		2.6387851838		52.775703676		97.5		44.724296324		44.724296324						52.775703676		97.5		-97.252705276		141.9770016

		6.302		6.302		3.2076663752		64.153327504		98		33.846672496		33.846672496						64.153327504		98		-105.830329104		139.6770016

		6.024		6.024		2.8793653888		57.587307776		97		39.412692224		39.412692224						57.587307776		97		-97.964309376		137.3770016

		5.848		5.848		2.6878045952		53.756091904		97		43.243908096		43.243908096						53.756091904		97		-91.833093504		135.0770016

		5.948		5.948		2.7950970752		55.901941504		96.5		40.598058496		40.598058496						55.901941504		96.5		-92.178943104		132.7770016

		6.102		6.102		2.9682993352		59.365986704		96.5		37.134013296		37.134013296						59.365986704		96.5		-93.342988304		130.4770016

		5.787		5.787		2.6243577022		52.487154044		99		46.512845956		46.512845956						52.487154044		99		-81.664155644		128.1770016

		6.539		6.539		3.5124236798		70.248473596		99		28.751526404		28.751526404						70.248473596		99		-97.125475196		125.8770016

		7.25		7.25		4.5640625		91.28125		102		10.71875		10.71875						91.28125		102		-112.8582516		123.5770016

		6.518		6.518		3.4844954312		69.689908624		102		32.310091376		32.310091376						69.689908624		102		-88.966910224		121.2770016

		6.554		6.554		3.5324824808		70.649649616		104		33.350350384		33.350350384						70.649649616		104		-85.626651216		118.9770016

		5.533		5.533		2.3764750382		47.529500764		104.5		56.970499236		56.970499236						47.529500764		104.5		-59.706502364		116.6770016

		6.412		6.412		3.3462678272		66.925356544		104		37.074643456		37.074643456						66.925356544		104		-77.302358144		114.3770016

		6.235		6.235		3.125662355		62.5132471		104		41.4867529		41.4867529						62.5132471		104		-70.5902487		112.0770016

		5.855		5.855		2.695182395		53.9036479		107.5		53.5963521		53.5963521						53.9036479		107.5		-56.1806495		109.7770016

		4.876		4.876		1.8572780288		37.145560576		112.5		75.354439424		75.354439424						37.145560576		112.5		-32.122562176		107.4770016

		5.573		5.573		2.4137671502		48.275343004		112.5		64.224656996		64.224656996						48.275343004		112.5		-40.952344604		105.1770016

		5.468		5.468		2.3172662912		46.345325824		110		63.654674176		63.654674176						46.345325824		110		-39.222327424		102.8770016

		5.777		5.777		2.6141012702		52.282025404		109.5		57.217974596		57.217974596						52.282025404		109.5		-43.359027004		100.5770016

		6.553		6.553		3.5311423742		70.622847484		109.5		38.877152516		38.877152516						70.622847484		109.5		-59.399849084		98.2770016

		6.645		6.645		3.656138395		73.1227679		106.5		33.3772321		33.3772321						73.1227679		106.5		-62.5997695		95.9770016

		6.257		6.257		3.1523872862		63.047745724		108		44.952254276		44.952254276						63.047745724		108		-48.724747324		93.6770016

		6.041		6.041		2.8985370878		57.970741756		109		51.029258244		51.029258244						57.970741756		109		-40.347743356		91.3770016

		5.723		5.723		2.5594208702		51.188417404		111.5		60.311582596		60.311582596						51.188417404		111.5		-28.765419004		89.0770016

		4.839		4.839		1.8332717998		36.665435996		115		78.334564004		78.334564004						36.665435996		115		-8.442437596		86.7770016

		5.102		5.102		2.0160241352		40.320482704		115		74.679517296		74.679517296						40.320482704		115		-10.320482704		85

		4.627		4.627		1.7064807902		34.129615804		112.5		78.370384196		78.370384196						34.129615804		112.5		-6.629615804		85

		4.758		4.758		1.7826655432		35.653310864		111.5		75.846689136		75.846689136						35.653310864		111.5		-9.153310864		85

		4.644		4.644		1.7159723968		34.319447936		111.5		77.180552064		77.180552064						34.319447936		111.5		-7.819447936		85

		4.844		4.844		1.8364832768		36.729665536		111.5		74.770334464		74.770334464						36.729665536		111.5		-10.229665536		85

		4.692		4.692		1.7434080832		34.868161664		107.5		72.631838336		72.631838336						34.868161664		107.5		-12.368161664		85

		3.775		3.775		1.381674875		27.6334975		107		79.3665025		79.3665025						27.6334975		107		-5.6334975		85

		3.822		3.822		1.3918817992		27.837635984		106.5		78.662364016		78.662364016						27.837635984		106.5		-6.337635984		85

		3.763		3.763		1.3792131422		27.584262844		106		78.415737156		78.415737156						27.584262844		106		-6.584262844		85

		4.1		4.1		1.470668		29.41336		105.5		76.08664		76.08664						29.41336		105.5		-8.91336		85

		3.916		3.916		1.4149968128		28.299936256		105		76.700063744		76.700063744						28.299936256		105		-8.299936256		85

		3.571		3.571		1.3478078558		26.956157116		104.5		77.543842884		77.543842884						26.956157116		104.5		-7.456157116		85

		4.185		4.185		1.501045555		30.0209111		104		73.9790889		73.9790889						30.0209111		104		-11.0209111		85

		2.928		2.928		1.3520540992		27.041081984		103		75.958918016		75.958918016						27.041081984		103		-9.041081984		85

		3.224		3.224		1.3291666688		26.583333376		102		75.416666624		75.416666624						26.583333376		102		-9.583333376		85

		3.198		3.198		1.3297463752		26.594927504		101		74.405072496		74.405072496						26.594927504		101		-10.594927504		85

																										83.7168778864
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Wind power
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Time, minutes

Power, kW
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Time, minutes

Diesel power, kW



														wind speed		Power

								200		325		525		5		40		20

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power		netload		6		60

		1		207.1		260		80		0		-53		7		80

		2		199.8		260		80		0		-60		7.6		100

		3		206.3		260		80		0		-54		8.2		120

		4		246.0		240		80		0		6		9		160

		5		261.0		220		81		0		41		9.3		180

		6		306.0		180		146		0		126		10		220

		7		318.0		180		138		0		138		10.4		240

		8		303.0		120		183		0		183		11		260

		9		288.0		100		188		0		188		12		260

		10		285.0		80		0		205		205		13		260

		11		306.0		60		0		246		246

		12		318.0		20		0		298		298

		13		342.0		0		200		142		342

		14		336.0		0		200		136		336

		15		339.0		0		200		139		339

		16		342.0		0		200		142		342

		17		354.0		0		200		154		354

		18		396.0		0		200		196		396

		19		465.0		0		200		265		465

		20		486.0		0		200		286		486

		21		468.0		80		200		188		388

		22		366.0		120		0		246		246

		23		332.0		160		0		172		172

		24		248.6		160		129		0		89

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power

		1		-207.118312856		260		80		0

		2		-199.796436112		260		80		0

		3		-206.306917544		260		80		0

		4		-246		240		80		0

		5		-261		220		81		0

		6		-306		180		146		0

		7		-318		180		138		0

		8		-303		120		183		0

		9		-288		100		188		0

		10		-285		80		0		205

		11		-306		60		0		246

		12		-318		20		0		298

		13		-342		0		200		142

		14		-336		0		200		136

		15		-339		0		200		139

		16		-342		0		200		142

		17		-354		0		200		154

		18		-396		0		200		196

		19		-465		0		200		265

		20		-486		0		200		286

		21		-468		80		200		188

		22		-366		120		0		246

		23		-332		160		0		172

		24		-248.63470632		160		129		0

								Hybrid								Dsl only				Dsl only

												Fuel				600		900		Fuel

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power		Dsl#1		Dsl #2		Dsl #1Power		Dsl #2 Power		Dsl#1		Dsl #2

		1		-621		312		309		0		126.504		0		0		621		0		228.496

		2		-621.354938568		312		309.354938568		0		126.5913148877		0		0		621.354938568		0		228.5833148877

		3		-599.389308336		312		287.389308336		0		121.1877698507		0		0		599.389308336		0		223.1797698507

		4		-618.920752632		288		330.920752632		0		131.8965051475		0		0		618.920752632		0		227.9845051475

		5		-738		264		474		0		167.094		0		0		738		0		257.278

		6		-783		216		567		0		189.972		0		0		783		0		268.348

		7		-918		216		0		702		0		248.422		400		518		148.89		203.158

		8		-954		144		0		810		0		274.99		400		554		148.89		212.014

		9		-909		120		0		789		0		269.824		400		509		148.89		200.944

		10		-864		96		0		768		0		264.658		400		464		148.89		189.874

		11		-855		72		0		783		0		268.348		400		455		148.89		187.66

		12		-918		24		0		894		0		295.654		400		518		148.89		203.158

		13		-954		0		500		454		173.49		187.414		400		554		148.89		212.014

		14		-1026		0		500		526		173.49		205.126		500		526		173.49		205.126

		15		-1008		0		500		508		173.49		200.698		500		508		173.49		200.698

		16		-1017		0		500		517		173.49		202.912		500		517		173.49		202.912

		17		-1026		0		500		526		173.49		205.126		500		526		173.49		205.126

		18		-1062		0		500		562		173.49		213.982		500		562		173.49		213.982

		19		-1188		0		500		688		173.49		244.978		500		688		173.49		244.978

		20		-1395		0		500		895		173.49		295.9		500		895		173.49		295.9

		21		-1458		96		500		862		173.49		287.782		500		958		173.49		311.398

		22		-1404		144		500		760		173.49		262.69		500		904		173.49		298.114

		23		-1098		192		500		406		173.49		175.606		500		598		173.49		222.838

		24		-996		192		0		804		0		273.514		500		496		173.49		197.746

		0		-22410.664999536		0		Hybrid				2771.6355898859		4377.624						2950.62		5441.5095898858

										Total				7149.2595898859								8392.1295898858

										Difference				1242.87		0.8519005234



Power from battery, kW
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Wind power
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Load, kW

Wind power

Dsl #1Power

Dsl #2 Power

Hour of Day
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Load, kW

Wind power

Dsl #1Power

Dsl #2 Power

Hour of Day

Power Sinks Power Sources



		Wind/load

																5		2

		Hour		Load, kW		Wind speed, m/s										6		3

		1		6.9		10.4				12						7		4

		2		6.7		10.4				12						7.6		5

		3		6.9		11				13						8.2		6

		4		8.2		10				11						9		8

		5		10.9		9.3				9						9.3		9

		6		10.2		9				8						10		11

		7		6.5		7				4						10.4		12

		8		3.7		6				3						11		13

		9		4.0		5				2

		10		4.2		0

		11		4.8		0

		12		5.2		0

		13		4.9		0

		14		4.3		0

		15		4.1		0

		16		4.5		0

		17		5.5		0

		18		7.1		0

		19		15.5		0

		20		17.2		0

		21		15.6		0

		22		12.2		7				4

		23		11.1		8.2				6

		24		8.3		8.2				6
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Wind speed, m/s
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		Renewable only system

		Hour		Load		Wind		PV		Battery		Battery in		Battery out

		1		1.1		2.550		0		1.4		1.4		0				0.9

		2		1.1		2.500		0		1.4		1.4		0				0.9

		3		1.1		2.150		0		1.1		1.1		0				0.9

		4		1.3		1.500		0		0.2		0.2		0				1.1

		5		1.7		1.100		0.1		-0.5		-0.5		0.6				1.5

		6		1.6		0.750		0.15		-0.7		-0.7		0.9				1.4

		7		1.0		0.070		0.2		-0.8		0.0		1.0				0.9

		8		0.6		0.000		0.3		-0.3		0		0.6				0.5

		9		0.6		0.000		0.6		-0.0		0		0.6				0.5

		10		0.7		0.000		1		0.3		0		0.7				0.6

		11		0.8		0.000		1.4		0.6		0		0.8				0.7

		12		0.8		0.000		1.6		0.8		0		0.8				0.7

		13		0.8		0.000		1.5		0.7		0		0.8				0.7

		14		0.7		0.000		1.2		0.5		0		0.7				0.6

		15		0.7		0.000		0.9		0.2		0		0.7				0.6

		16		0.7		0.000		0.6		-0.1		0		0.7				0.6

		17		0.9		0.000		0.3		-0.6		0		0.9				0.7

		18		1.1		0.000		0.2		-0.9		0		1.1				1.0

		19		2.5		0.000		0.1		-2.4		0		2.4				2.1

		20		2.7		1.000		0		-1.7		0.0		2.7				2.3

		21		2.5		1.500		0		-1.0		0.0		2.5				2.1

		22		1.9		1.750		0		-0.2		-0.2		0.0				1.7

		23		1.8		1.800		0		0.0		0.0		0.0				1.5

		24		1.3		2.250		0		0.9		0		-0.9				1.1

				30.031064727		18.92		10.15		-0.961064727		2.7		17.4883246237

		Hour		Load		Wind		PV		Battery

		1		-1.100316037		2.55		0		-1.449683963

		2		-1.0614185668		2.5		0		-1.4385814332

		3		-1.0960054995		2.15		0		-1.0539945005

		4		-1.306875		1.5		0		-0.193125

		5		-1.7371875		1.1		0.1		0.5371875

		6		-1.625625		0.75		0.15		0.725625

		7		-1.0359375		0.07		0.2		0.7659375

		8		-0.5905436505		0		0.3		0.2905436505

		9		-0.6324174443		0		0.6		0.0324174443

		10		-0.6761386113		0		1		-0.3238613887

		11		-0.7717914932		0		1.4		-0.6282085068

		12		-0.8229021533		0		1.6		-0.7770978467

		13		-0.777333613		0		1.5		-0.722666387

		14		-0.6869149553		0		1.2		-0.5130850447

		15		-0.6537648686		0		0.9		-0.2462351314

		16		-0.7171913503		0		0.6		0.1171913503

		17		-0.8736022859		0		0.3		0.5736022859

		18		-1.1382898206		0		0.2		0.9382898206

		19		-2.4703125		0		0.1		2.3703125

		20		-2.74125		1		0		1.74125

		21		-2.48625		1.5		0		0.98625

		22		-1.944375		1.75		0		0.194375

		23		-1.76375		1.8		0		-0.03625

		24		-1.3208718773		2.25		0		-0.9291281227

				Load		Wind		PV		Battery		Storage

		1		0		0.17		0		0.170		1.220		58.0952380952

		2		0		0.1666666667		0		0.167		1.387		66.0317460317

		3		0		0.1433333333		0		0.143		1.530		72.8571428571

		4		0.02		0.1		0		0.080		1.610		76.6666666667

		5		0.06		0.0733333333		0.003125		0.016		1.626		77.4503968254

		6		0.08		0.05		0.0046875		-0.025		1.601		76.2450396825

		7		0.06		0.0046666667		0.00625		-0.049		1.552		73.9077380952

		8		0.04		0		0.009375		-0.031		1.521		72.4494047619

		9		0.04		0		0.01875		-0.021		1.500		71.4375

		10		0.04		0		0.03125		-0.009		1.491		71.0208333333

		11		0.06		0		0.04375		-0.016		1.475		70.2470238095

		12		0.08		0		0.05		-0.030		1.445		68.818452381

		13		0.08		0		0.046875		-0.033		1.412		67.2410714286

		14		0.06		0		0.0375		-0.023		1.390		66.1696428571

		15		0.04		0		0.028125		-0.012		1.378		65.6041666667

		16		0.04		0		0.01875		-0.021		1.356		64.5922619048

		17		0.06		0		0.009375		-0.051		1.306		62.181547619

		18		0.1		0		0.00625		-0.094		1.212		57.7172619048

		19		0.16		0		0.003125		-0.157		1.055		50.2470238095

		20		0.16		0.0666666667		0		-0.093		0.962		45.8025793651

		21		0.13		0.1		0		-0.030		0.932		44.3740079365

		22		0.12		0.1166666667		0		-0.003		0.929		44.2152777778

		23		0.04		0.12		0		0.080		1.009		48.0248015873

		24		0		0.15		0		0.150		1.159		55.1676587302
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		114.8725664		87.5		-27.3725664

		113.3614144		90		-23.3614144

		122.2286596		91		-31.2286596

		99.3112276		93		-6.3112276

		139.1050304		93		-46.1050304

		153.68381		92		-61.68381

		177.9608096		93		-84.9608096

		227.6892116		94		-133.6892116

		211.9753876		93.5		-118.4753876

		240.4841476		94.5		-145.9841476

		239.894		95		-144.894

		243.4471136		96		-147.4471136

		222.56864		96.5		-126.06864

		216.95656		91		-125.95656

		149.6197376		92.5		-57.1197376

		129.4690516		94.5		-34.9690516

		132.3560896		89		-43.3560896

		143.8659844		88		-55.8659844

		111.4908164		93		-18.4908164

		91.9324804		94.5		2.5675196

		130.7014624		95		-35.7014624

		158.27689		99		-59.27689

		149.17225		98		-51.17225

		137.8237076		98		-39.8237076

		131.94121		96.5		-35.44121

		91.28125		99.5		8.21875

		200.60944		102.5		-98.10944

		131.94121		104		-27.94121

		128.6515204		104.5		-24.1515204

		133.1882944		104		-29.1882944

		99.656		104.5		4.844

		126.6219584		105		-21.6219584

		126.6219584		107.5		-19.1219584

		154.5959044		109		-45.5959044

		140.39369		109		-31.39369

		119.0954884		112.5		-6.5954884

		214.18109		113		-101.18109

		131.1138964		114		-17.1138964

		68.583563776		114.5		45.916436224

		70.435460816		117		46.564539184

		84.94829		118		33.05171

		111.4908164		117.5		6.0091836

		120.6555524		117		-3.6555524

		49.437864656		115		65.562135344

		79.586205184		115.5		35.913794816

		67.491599056		114.5		47.008400944

		68.1658816		114		45.8341184

		66.465001936		112.5		46.034998064

		61.146763984		115		53.853236016

		49.592576464		115.5		65.907423536

		46.543303516		114		-113.086607032

		51.914848156		113		-123.829696312

		38.949364864		112		-97.898729728

		56.362927036		110.5		-132.725854072

		79.792194716		109.5		-179.584389432

		65.577428956		105		-151.154857912

		54.2211844		105		-128.4423688

		63.096532156		107.5		-146.193064312

		54.86176		107		-129.72352

		47.400319376		112		-114.800638752

		43.130623036		111.5		-106.261246072

		45.7573111		111.5		-111.5146222

		47.994123664		112.5		-115.988247328

		75.975074684		112		-171.950149368

		132.7717844		114		-103.7717844

		136.9735684		115		-106.9735684

		144.3036896		115		-114.3036896

		146.5044436		117.5		-114.0044436

		146.94704		119		-112.94704

		144.74221		119.5		-25.24221

		144.74221		117		-27.74221

		70.54249		111.5		40.95751

		71.025735424		110.5		39.474264576

		56.230850044		109		52.769149956

		56.805303196		107.5		50.694696804

		77.865879644		106		28.134120356

		63.4879975		102		38.5120025

		71.457504256		101.5		30.042495744

		74.762290816		96		-169.524581632

		89.3471236		90		-198.6942472

		79.175424464		89.5		-178.350848928

		72.737894236		89		-165.475788472

		79.058352016		88.5		-178.116704032

		74.314870144		90		-168.629740288

		80.175806464		90		-180.351612928

		70.168458496		87.5		-160.336916992

		68.740732624		87.5		-157.481465248

		83.7208276		87		-187.4416552

		83.2638919		86.5		-186.5277838

		101.39209		86		-100.39209

		127.83725		85.5		-127.33725

		102.0922324		85		-102.0922324

		92.2593184		84.5		-92.7593184

		84.3329284		84		-85.3329284

		68.871930844		83.5		14.628069156

		68.845674896		89		20.154325104

		50.255922176		90		39.744077824

		82.597037404		92.5		9.902962596

		96.24496		93		-3.24496

		110.37824		94.5		-15.87824

		121.83416		91.5		-30.33416

		125.81584		88.5		-37.31584

		134.02376		87		-47.02376

		103.14856		89		-14.14856

		92.91544		87.5		-5.41544

		86.50096		90		3.49904

		84.6402016		90		5.3597984

		89.0276224		91		1.9723776

		112.9856644		93		-19.9856644

		91.28125		93		1.71875

		117.934		95		-22.934

		123.4170496		95		-28.4170496

		94.57001		99		4.42999

		98.6241284		94.5		-4.1241284

		102.0922324		99.5		-2.5922324

		136.9735684		102.5		-34.4735684

		146.94704		102.5		-44.44704

		136.12669		104.5		-31.62669

		174.99464		105		-69.99464

		172.54525		107.5		-65.04525

		161.0718676		109		-52.0718676

		158.7406816		108		-50.7406816

		179.95456		104.5		-75.45456

		167.2283296		102		-65.2283296

		160.604		103		-57.604

		106.72264		103.5		-3.22264

		163.4234336		105		-58.4234336

		153.2289856		105.5		-47.7289856

		87.4423444		106		18.5576556

		58.836348316		106.5		47.663651684

		51.048393856		107		55.951606144

		61.384582144		107.5		46.115417856

		70.515720476		108		37.484279524

		38.4850975		108.5		70.0149025

		26.958649984		109		82.041350016

		27.432357376		109.5		-74.864714752

		30.622124944		110		-81.244249888

		33.811221904		109		-87.622443808

		39.669715664		108		-99.339431328

		41.419416976		107		-102.838833952

		48.995974396		106		-117.991948792

		30.6873604		105		-81.3747208

		29.635172224		104		-79.270344448

		30.557411216		103		-81.114822432

		37.502965084		102		-95.005930168

		35.363693456		101		-90.727386912

		39.801543164		100		-99.603086328

		32.216115664		99		-84.432231328

		34.3306879		98		-88.6613758

		37.988748796		97		-95.977497592

		36.322118144		96		-92.644236288

		31.9601791		95		-83.9203582

		32.139663056		96		-84.279326112

		38.2770016		97.5		-96.5540032

		38.332314496		97.5		-94.309316096

		38.9067919		98		-92.0837935

		39.393581596		99		-89.270583196

		40.621503184		99		-88.198504784

		42.885109456		97.5		-89.662111056

		52.775703676		97.5		-97.252705276

		64.153327504		98		-105.830329104

		57.587307776		97		-97.964309376

		53.756091904		97		-91.833093504

		55.901941504		96.5		-92.178943104

		59.365986704		96.5		-93.342988304

		52.487154044		99		-81.664155644

		70.248473596		99		-97.125475196

		91.28125		102		-112.8582516

		69.689908624		102		-88.966910224

		70.649649616		104		-85.626651216

		47.529500764		104.5		-59.706502364

		66.925356544		104		-77.302358144

		62.5132471		104		-70.5902487

		53.9036479		107.5		-56.1806495

		37.145560576		112.5		-32.122562176

		48.275343004		112.5		-40.952344604

		46.345325824		110		-39.222327424

		52.282025404		109.5		-43.359027004

		70.622847484		109.5		-59.399849084

		73.1227679		106.5		-62.5997695

		63.047745724		108		-48.724747324

		57.970741756		109		-40.347743356

		51.188417404		111.5		-28.765419004

		36.665435996		115		-8.442437596

		40.320482704		115		-10.320482704

		34.129615804		112.5		-6.629615804

		35.653310864		111.5		-9.153310864

		34.319447936		111.5		-7.819447936

		36.729665536		111.5		-10.229665536

		34.868161664		107.5		-12.368161664

		27.6334975		107		-5.6334975

		27.837635984		106.5		-6.337635984

		27.584262844		106		-6.584262844

		29.41336		105.5		-8.91336

		28.299936256		105		-8.299936256

		26.956157116		104.5		-7.456157116

		30.0209111		104		-11.0209111

		27.041081984		103		-9.041081984

		26.583333376		102		-9.583333376

		26.594927504		101		-10.594927504
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Cyclecharge

		

		Wind/load

								power

		Hour		Load, kW		Wind speed, m/s		1 turb

		1		6.9		10.4		12

		2		6.7		10.4		12

		3		6.9		11		13

		4		8.2		10		11

		5		10.9		9.3		9

		6		10.2		9		8

		7		6.5		7		4

		8		3.7		6		3

		9		4.0		5		2

		10		4.2		0		0

		11		4.8		0		0

		12		5.2		0		0

		13		4.9		0		0

		14		4.3		0		0

		15		4.1		0		0

		16		4.5		0		0

		17		5.5		0		0

		18		7.1		0		0

		19		15.5		0		0

		20		17.2		0		0

		21		15.6		0		0

		22		12.2		7		4

		23		11.1		8.2		6

		24		8.3		8.2		6

												Battery

		Hour		Load		Wind Pow		Diesel power				SOC

		1		8.6		6		0		2.6299297023		61%		97.4

		2		8.3		6		0		2.3248515047		60%		99.7

		3		8.6		6.5		0		2.0961215643		59%		101.8

		4		10.3		5.5		0		4.75		57%		106.5

		5		13.6		4.5		0		9.125		54%		115.7

		6		12.8		4		0		8.75		50%		124.4

		7		8.1		2		0		6.125		48%		130.5

		8		4.6		1.5		0		3.131714906		47%		133.7

		9		5.0		1		0		3.960136818		45%		137.6

		10		5.3		0		0		5.303047932		43%		142.9

		11		6.1		0		0		6.0532666133		40%		149.0

		12		6.5		0		25		-18.5458654647		48%		130.4		2.7818798197

		13		6.1		0		25		-18.9032657807		55%		111.5		2.8354898671

		14		5.4		0		25		-19.612431723		63%		91.9		2.9418647584

		15		5.1		0		24.2		-19.0724324033		71%		72.9		2.8608648605

		16		5.6		0		23.5		-17.8749698013		78%		55.0		2.6812454702

		17		6.9		0		22.6		-15.7482173653		84%		39.2		2.3622326048

		18		8.9		0		11		-2.072236701		85%		37.2		0.3108355052

		19		19.4		0		0		19.375		77%		56.5		1.453125

		20		21.5		0		0		21.5		69%		78.0		1.6125

		21		19.5		0		0		19.5		61%		97.5		1.4625

		22		15.3		2		0		13.25		56%		110.8		0.99375

		23		13.8		3		0		10.8333333333		51%		121.6		0.8125

		24		10.4		3		0		7.35977943		48%		129.0		0.5519834572

				235.5377625647												23.6607713431
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switched

		Parallel system

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		6.9		12		0		5.1		5.1		0

		2		6.7		12		0		5.3		5.3		0

		3		6.9		13		0		6.1		6.1		0

		4		8.2		11		0		2.8		2.8		0

		5		10.9		9		15		13.1		13.1		0

		6		10.2		8		15		12.8		12.8		0

		7		6.5		5		0		-1.5		0.0		1.5

		8		3.7		3		0		-0.7		0		0.7

		9		4.0		2		0		-2.0		0		2.0

		10		4.2		0		0		-4.2		0		4.2

		11		4.8		0		0		-4.8		0		4.8

		12		5.2		0		0		-5.2		0		5.2

		13		4.9		0		0		-4.9		0		4.9

		14		4.3		0		0		-4.3		0		4.3

		15		4.1		0		0		-4.1		0		4.1

		16		4.5		0		0		-4.5		0		4.5

		17		5.5		0		0		-5.5		0		5.5

		18		7.1		0		0		-7.1		0		7.1

		19		15.5		0		15		-0.5		0		0.5

		20		17.2		0		15		-2.2		0.0		2.2

		21		15.6		0		15		-0.6		0.0		0.6

		22		12.2		4		15		6.8		6.8		0.0

		23		11.1		6		15		9.9		9.9		0.0

		24		8.3		6		0		-2.3		0		2.3

				188.4302100517		91		105		7.5697899483		62.0		54.422821168

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		-6.9039437619		12		0		-5.0960562381		5.0960562381		0

		2		-6.6598812037		12		0		-5.3401187963		5.3401187963		0

		3		-6.8768972515		13		0		-6.1231027485		6.1231027485		0

		4		-8.2		11		0		-2.8		2.8		0

		5		-10.9		9		15		-13.1		13.1		0

		6		-10.2		8		15		-12.8		12.8		0

		7		-6.5		5		0		1.5		0		1.5

		8		-3.7053719248		3		0		0.7053719248		0		0.7053719248

		9		-3.9681094544		2		0		1.9681094544		0		1.9681094544

		10		-4.2424383456		0		0		4.2424383456		0		4.2424383456

		11		-4.8426132907		0		0		4.8426132907		0		4.8426132907

		12		-5.1633076283		0		0		5.1633076283		0		5.1633076283

		13		-4.8773873755		0		0		4.8773873755		0		4.8773873755

		14		-4.3100546216		0		0		4.3100546216		0		4.3100546216

		15		-4.1020540773		0		0		4.1020540773		0		4.1020540773

		16		-4.5000241589		0		0		4.5000241589		0		4.5000241589

		17		-5.4814261077		0		0		5.4814261077		0		5.4814261077

		18		-7.1422106392		0		0		7.1422106392		0		7.1422106392

		19		-15.5		0		15		0.5		0		0.5

		20		-17.2		0		15		2.2		0		2.2

		21		-15.6		0		15		0.6		0		0.6

		22		-12.2		4		15		-6.8		6.8		0

		23		-11.0666666667		6		15		-9.9333333333		9.9333333333		0

		24		-8.287823544		6		0		2.287823544		0		2.287823544

		Hour		Load		Wind		Diesel		Battery		Storage

		1		6.9039437619		12		0		5.0960562381		62%

		2		6.6598812037		12		0		5.3401187963		64%

		3		6.8768972515		13		0		6.1231027485		67%

		4		8.2		11		0		2.8		68%

		5		10.9		9		15		13.1		73%

		6		10.2		8		15		12.8		78%

		7		6.5		5		0		-1.5		78%

		8		3.7053719248		3		0		-0.7053719248		77%

		9		3.9681094544		2		0		-1.9681094544		76%

		10		4.2424383456		0		0		-4.2424383456		75%

		11		4.8426132907		0		0		-4.8426132907		73%

		12		5.1633076283		0		0		-5.1633076283		71%

		13		4.8773873755		0		0		-4.8773873755		69%

		14		4.3100546216		0		0		-4.3100546216		67%

		15		4.1020540773		0		0		-4.1020540773		65%

		16		4.5000241589		0		0		-4.5000241589		64%

		17		5.4814261077		0		0		-5.4814261077		61%

		18		7.1422106392		0		0		-7.1422106392		59%

		19		15.5		0		15		-0.5		58%

		20		17.2		0		15		-2.2		57%

		21		15.6		0		15		-0.6		57%

		22		12.2		4		15		6.8		60%

		23		11.0666666667		6		15		9.9333333333		64%

		24		8.287823544		6		0		-2.287823544		63%

				188.4302100517
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Hour of Day
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		Series system

		10 kW inverter

		20 kW Generator

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		6.9		12		0		5.1		5.1		0

		2		6.7		12		0		5.3		5.3		0

		3		6.9		13		0		6.1		6.1		0

		4		8.2		11		0		2.8		2.8		0

		5		10.9		9		11.9		10.0		10.0		1.9				11.9

		6		10.2		8		12.2		10.0		10.0		2.2				12.2

		7		6.5		5		0		-1.5		0.0		1.5

		8		3.7		3		0		-0.7		0		0.7

		9		4.0		2		0		-2.0		0		2.0

		10		4.2		0		0		-4.2		0		4.2

		11		4.8		0		0		-4.8		0		4.8

		12		5.2		0		0		-5.2		0		5.2

		13		4.9		0		0		-4.9		0		4.9

		14		4.3		0		0		-4.3		0		4.3

		15		4.1		0		0		-4.1		0		4.1

		16		4.5		0		0		-4.5		0		4.5

		17		5.5		0		0		-5.5		0		5.5

		18		7.1		0		0		-7.1		0		7.1

		19		15.5		0		25		9.5		9.5		0				25.5

		20		17.2		0		25		7.8		7.8		0				27.2

		21		15.6		0		25		9.4		9.4		0				25.6

		22		12.2		4		18.2		10.0		10.0		0				18.2

		23		11.1		6		15.1		10.0		10.0		0				15.1

		24		8.3		6		0		-2.3		0		2.3

				188.4302100517		91		132.4				86.1		55.222821168

		Series system

		15 kW inverter

		20 kW Generator

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		6.9		12		0		5.1		5.1		0

		2		6.7		12		0		5.3		5.3		0

		3		6.9		13		0		6.1		6.1		0

		4		8.2		11		0		2.8		2.8		0

		5		10.9		9		0		-1.9		0		1.9

		6		10.2		8		0		-2.2		0		2.2

		7		6.5		5		0		-1.5		0		1.5

		8		3.7		3		0		-0.7		0		0.7

		9		4.0		2		0		-2.0		0		2.0

		10		4.2		0		0		-4.2		0		4.2

		11		4.8		0		0		-4.8		0		4.8

		12		5.2		0		0		-5.2		0		5.2

		13		4.9		0		0		-4.9		0		4.9

		14		4.3		0		0		-4.3		0		4.3

		15		4.1		0		0		-4.1		0		4.1

		16		4.5		0		0		-4.5		0		4.5

		17		5.5		0		0		-5.5		0		5.5

		18		7.1		0		0		-7.1		0		7.1

		19		15.5		0		25		9.5		9.5		0

		20		17.2		0		25		7.8		7.8		0

		21		15.6		0		25		9.4		9.4		0

		22		12.2		4		25		16.8		16.8		0.0

		23		11.1		6		0		-5.1		0.0		5.1

		24		8.3		6		0		-2.3		0		2.3

				188.4302100517		91		100		2.5697899483		62.9		60.2894878347

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		-6.9039437619		12		0		-5.0960562381		5.0960562381		0

		2		-6.6598812037		12		0		-5.3401187963		5.3401187963		0

		3		-6.8768972515		13		0		-6.1231027485		6.1231027485		0

		4		-8.2		11		0		-2.8		2.8		0

		5		-10.9		9		0		1.9		0		1.9

		6		-10.2		8		0		2.2		0		2.2

		7		-6.5		5		0		1.5		0		1.5

		8		-3.7053719248		3		0		0.7053719248		0		0.7053719248

		9		-3.9681094544		2		0		1.9681094544		0		1.9681094544

		10		-4.2424383456		0		0		4.2424383456		0		4.2424383456

		11		-4.8426132907		0		0		4.8426132907		0		4.8426132907

		12		-5.1633076283		0		0		5.1633076283		0		5.1633076283

		13		-4.8773873755		0		0		4.8773873755		0		4.8773873755

		14		-4.3100546216		0		0		4.3100546216		0		4.3100546216

		15		-4.1020540773		0		0		4.1020540773		0		4.1020540773

		16		-4.5000241589		0		0		4.5000241589		0		4.5000241589

		17		-5.4814261077		0		0		5.4814261077		0		5.4814261077

		18		-7.1422106392		0		0		7.1422106392		0		7.1422106392

		19		-15.5		0		25		-9.5		9.5		0

		20		-17.2		0		25		-7.8		7.8		0

		21		-15.6		0		25		-9.4		9.4		0

		22		-12.2		4		25		-16.8		16.8		0

		23		-11.0666666667		6		0		5.0666666667		0		5.0666666667

		24		-8.287823544		6		0		2.287823544		0		2.287823544

		Hour		Load		Wind		Diesel		Battery		Storage

		1		6.9039437619		12		0		5.0960562381		42%

		2		6.6598812037		12		0		5.3401187963		44%

		3		6.8768972515		13		0		6.1231027485		47%

		4		8.2		11		0		2.8		48%

		5		10.9		9		0		-1.9		47%

		6		10.2		8		0		-2.2		46%

		7		6.5		5		0		-1.5		46%

		8		3.7053719248		3		0		-0.7053719248		45%

		9		3.9681094544		2		0		-1.9681094544		44%

		10		4.2424383456		0		0		-4.2424383456		43%

		11		4.8426132907		0		0		-4.8426132907		41%

		12		5.1633076283		0		0		-5.1633076283		39%

		13		4.8773873755		0		0		-4.8773873755		37%

		14		4.3100546216		0		0		-4.3100546216		35%

		15		4.1020540773		0		0		-4.1020540773		33%

		16		4.5000241589		0		0		-4.5000241589		32%

		17		5.4814261077		0		0		-5.4814261077		29%

		18		7.1422106392		0		0		-7.1422106392		27%

		19		15.5		0		25		9.5		30%

		20		17.2		0		25		7.8		33%

		21		15.6		0		25		9.4		37%

		22		12.2		4		25		16.8		44%

		23		11.0666666667		6		0		-5.0666666667		42%

		24		8.287823544		6		0		-2.287823544		41%
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		Wind		Wind		Wind power		Wind power		Load		Power from Battery		Diesel power						Wind power		Load		Power from Battery		Diesel power

		7.92		7.92		5.74362832		114.8725664		87.5		-27.3725664		0						114.8725664		87.5		-27.3725664		0

		7.88		7.88		5.66807072		113.3614144		90		-23.3614144		0						113.3614144		90		-23.3614144		0

		8.11		8.11		6.11143298		122.2286596		91		-31.2286596		0						122.2286596		91		-31.2286596		0

		7.49		7.49		4.96556138		99.3112276		93		-6.3112276		0						99.3112276		93		-6.3112276		0

		8.52		8.52		6.95525152		139.1050304		93		-46.1050304		0						139.1050304		93		-46.1050304		0

		8.85		8.85		7.6841905		153.68381		92		-61.68381		0						153.68381		92		-61.68381		0

		9.36		9.36		8.89804048		177.9608096		93		-84.9608096		0						177.9608096		93		-84.9608096		0

		10.29		10.29		11.38446058		227.6892116		94		-133.6892116		0						227.6892116		94		-133.6892116		0

		10.01		10.01		10.59876938		211.9753876		93.5		-118.4753876		0						211.9753876		93.5		-118.4753876		0

		10.51		10.51		12.02420738		240.4841476		94.5		-145.9841476		0						240.4841476		94.5		-145.9841476		0

		11.52		10.5		11.9947		239.894		95		-144.894		0						239.894		95		-144.894		0

		11.38		10.56		12.17235568		243.4471136		96		-147.4471136		0						243.4471136		96		-147.4471136		0

		12.06		10.2		11.128432		222.56864		96.5		-126.06864		0						222.56864		96.5		-126.06864		0

		10.1		10.1		10.847828		216.95656		91		-125.95656		0						216.95656		91		-125.95656		0

		8.76		8.76		7.48098688		149.6197376		92.5		-57.1197376		0						149.6197376		92.5		-57.1197376		0

		8.29		8.29		6.47345258		129.4690516		94.5		-34.9690516		0						129.4690516		94.5		-34.9690516		0

		8.36		8.36		6.61780448		132.3560896		89		-43.3560896		0						132.3560896		89		-43.3560896		0

		8.63		8.63		7.19329922		143.8659844		88		-55.8659844		0						143.8659844		88		-55.8659844		0

		7.83		7.83		5.57454082		111.4908164		93		-18.4908164		0						111.4908164		93		-18.4908164		0

		7.27		7.27		4.59662402		91.9324804		94.5		2.5675196		0		1				91.9324804		94.5		2.5675196		0

		8.32		8.32		6.53507312		130.7014624		95		-35.7014624		0						130.7014624		95		-35.7014624		0

		8.95		8.95		7.9138445		158.27689		99		-59.27689		0						158.27689		99		-59.27689		0

		8.75		8.75		7.4586125		149.17225		98		-51.17225		0						149.17225		98		-51.17225		0

		8.49		8.49		6.89118538		137.8237076		98		-39.8237076		0						137.8237076		98		-39.8237076		0

		8.35		8.35		6.5970605		131.94121		96.5		-35.44121		0						131.94121		96.5		-35.44121		0

		7.25		7.25		4.5640625		91.28125		99.5		8.21875		0		1				91.28125		99.5		8.21875		0

		9.8		9.8		10.030472		200.60944		102.5		-98.10944		0						200.60944		102.5		-98.10944		0

		8.35		8.35		6.5970605		131.94121		104		-27.94121		0						131.94121		104		-27.94121		0

		8.27		8.27		6.43257602		128.6515204		104.5		-24.1515204		0						128.6515204		104.5		-24.1515204		0

		8.38		8.38		6.65941472		133.1882944		104		-29.1882944		0						133.1882944		104		-29.1882944		0

		7.5		7.5		4.9828		99.656		104.5		4.844		0		1				99.656		104.5		4.844		0

		8.22		8.22		6.33109792		126.6219584		105		-21.6219584		0						126.6219584		105		-21.6219584		0

		8.22		8.22		6.33109792		126.6219584		107.5		-19.1219584		0						126.6219584		107.5		-19.1219584		0

		8.87		8.87		7.72979522		154.5959044		109		-45.5959044		0						154.5959044		109		-45.5959044		0

		8.55		8.55		7.0196845		140.39369		109		-31.39369		0						140.39369		109		-31.39369		0

		8.03		8.03		5.95477442		119.0954884		112.5		-6.5954884		0						119.0954884		112.5		-6.5954884		0

		10.6		10.05		10.7090545		214.18109		113		-101.18109		0						214.18109		113		-101.18109		0

		8.33		8.33		6.55569482		131.1138964		114		-17.1138964		0						131.1138964		114		-17.1138964		0

		6.476		6.476		3.4291781888		68.583563776		114.5		45.916436224		0		1				68.583563776		114.5		45.916436224		0

		6.546		6.546		3.5217730408		70.435460816		117		46.564539184		0		2				70.435460816		117		46.564539184		0

		7.05		7.05		4.2474145		84.94829		118		33.05171		0		3				84.94829		118		33.05171		0

		7.83		7.83		5.57454082		111.4908164		117.5		6.0091836		0		4				111.4908164		117.5		6.0091836		0

		8.07		8.07		6.03277762		120.6555524		117		-3.6555524		0						120.6555524		117		-3.6555524		0

		5.634		5.634		2.4718932328		49.437864656		115		65.562135344		0		1				49.437864656		115		65.562135344		0

		6.872		6.872		3.9793102592		79.586205184		115.5		35.913794816		0		2				79.586205184		115.5		35.913794816		0

		6.434		6.434		3.3745799528		67.491599056		114.5		47.008400944		0		3				67.491599056		114.5		47.008400944		0

		6.46		6.46		3.40829408		68.1658816		114		45.8341184		0		4				68.1658816		114		45.8341184		0

		6.394		6.394		3.3232500968		66.465001936		112.5		46.034998064		0		5				66.465001936		112.5		46.034998064		0

		6.178		6.178		3.0573381992		61.146763984		115		53.853236016		0		6				61.146763984		115		53.853236016		0

		5.642		5.642		2.4796288232		49.592576464		115.5		65.907423536		0		7				49.592576464		115.5		65.907423536		0

		5.479		5.479		2.3271651758		46.543303516		114		67.456696484		67.456696484		8				46.543303516		114		-113.086607032		180.543303516

		5.759		5.759		2.5957424078		51.914848156		113		61.085151844		61.085151844		9				51.914848156		113		-123.829696312		184.914848156

		5.008		5.008		1.9474682432		38.949364864		112		73.050635136		73.050635136		10				38.949364864		112		-97.898729728		170.949364864

		5.969		5.969		2.8181463518		56.362927036		110.5		54.137072964		54.137072964		11				56.362927036		110.5		-132.725854072		186.862927036

		6.879		6.879		3.9896097358		79.792194716		109.5		29.707805284		29.707805284		12				79.792194716		109.5		-179.584389432		209.292194716

		6.359		6.359		3.2788714478		65.577428956		105		39.422571044		39.422571044		13				65.577428956		105		-151.154857912		190.577428956

		5.87		5.87		2.71105922		54.2211844		105		50.7788156		50.7788156		14				54.2211844		105		-128.4423688		179.2211844

		6.259		6.259		3.1548266078		63.096532156		107.5		44.403467844		44.403467844		15				63.096532156		107.5		-146.193064312		190.596532156

		5.9		5.9		2.743088		54.86176		107		52.13824		52.13824		16				54.86176		107		-129.72352		181.86176

		5.526		5.526		2.3700159688		47.400319376		112		64.599680624		64.599680624		17				47.400319376		112		-114.800638752		179.400319376

		5.281		5.281		2.1565311518		43.130623036		111.5		68.369376964		68.369376964		18				43.130623036		111.5		-106.261246072		174.630623036

		5.435		5.435		2.287865555		45.7573111		111.5		65.7426889		65.7426889		19				45.7573111		111.5		-111.5146222		177.2573111

		5.558		5.558		2.3997061832		47.994123664		112.5		64.505876336		64.505876336		20				47.994123664		112.5		-115.988247328		180.494123664

		5.747		6.747		3.7987537342		75.975074684		112		36.024925316		36.024925316		21				75.975074684		112		-171.950149368		207.975074684

		7.17		8.37		6.63858922		132.7717844		114		-18.7717844		10						132.7717844		114		-103.7717844		85

		7.27		8.47		6.84867842		136.9735684		115		-21.9735684		10						136.9735684		115		-106.9735684		85

		7.44		8.64		7.21518448		144.3036896		115		-29.3036896		10						144.3036896		115		-114.3036896		85

		7.49		8.69		7.32522218		146.5044436		117.5		-29.0044436		10						146.5044436		117.5		-114.0044436		85

		7.5		8.7		7.347352		146.94704		119		-27.94704		10						146.94704		119		-112.94704		85

		7.45		8.65		7.2371105		144.74221		119.5		-25.24221		0						144.74221		119.5		-25.24221		0

		7.45		8.65		7.2371105		144.74221		117		-27.74221		0						144.74221		117		-27.74221		0

		6.55		6.55		3.5271245		70.54249		111.5		40.95751		0		1				70.54249		111.5		40.95751		0

		6.568		6.568		3.5512867712		71.025735424		110.5		39.474264576		0		2				71.025735424		110.5		39.474264576		0

		5.963		5.963		2.8115425022		56.230850044		109		52.769149956		0		3				56.230850044		109		52.769149956		0

		5.989		5.989		2.8402651598		56.805303196		107.5		50.694696804		0		4				56.805303196		107.5		50.694696804		0

		6.813		6.813		3.8932939822		77.865879644		106		28.134120356		0		5				77.865879644		106		28.134120356		0

		6.275		6.275		3.174399875		63.4879975		102		38.5120025		0		6				63.4879975		102		38.5120025		0

		6.584		6.584		3.5728752128		71.457504256		101.5		30.042495744		0		7				71.457504256		101.5		30.042495744		0

		6.704		6.704		3.7381145408		74.762290816		96		21.237709184		21.237709184		8				74.762290816		96		-169.524581632		190.762290816

		7.19		7.19		4.46735618		89.3471236		90		0.6528764		10		9				89.3471236		90		-198.6942472		199.3471236

		6.858		6.858		3.9587712232		79.175424464		89.5		10.324575536		10.324575536		10				79.175424464		89.5		-178.350848928		188.675424464

		6.631		6.631		3.6368947118		72.737894236		89		16.262105764		16.262105764		11				72.737894236		89		-165.475788472		181.737894236

		6.854		6.854		3.9529176008		79.058352016		88.5		9.441647984		10		12				79.058352016		88.5		-178.116704032		187.558352016

		6.688		6.688		3.7157435072		74.314870144		90		15.685129856		15.685129856		13				74.314870144		90		-168.629740288		184.314870144

		6.892		6.892		4.0087903232		80.175806464		90		9.824193536		10		14				80.175806464		90		-180.351612928		190.175806464

		6.536		6.536		3.5084229248		70.168458496		87.5		17.331541504		17.331541504		15				70.168458496		87.5		-160.336916992		177.668458496

		6.482		6.482		3.4370366312		68.740732624		87.5		18.759267376		18.759267376		16				68.740732624		87.5		-157.481465248		176.240732624

		7.01		7.01		4.18604138		83.7208276		87		3.2791724		10		17				83.7208276		87		-187.4416552		190.7208276

		6.995		6.995		4.163194595		83.2638919		86.5		3.2361081		10		18				83.2638919		86.5		-186.5277838		189.7638919

		7.55		7.55		5.0696045		101.39209		86		-15.39209		10						101.39209		86		-100.39209		85

		6.71		8.25		6.3918625		127.83725		85.5		-42.33725		10						127.83725		85.5		-127.33725		85

		7.57		7.57		5.10461162		102.0922324		85		-17.0922324		10						102.0922324		85		-102.0922324		85

		7.28		7.28		4.61296592		92.2593184		84.5		-7.7593184		10						92.2593184		84.5		-92.7593184		85

		7.03		7.03		4.21664642		84.3329284		84		-0.3329284		10						84.3329284		84		-85.3329284		85

		6.487		6.487		3.4435965422		68.871930844		83.5		14.628069156		0		1				68.871930844		83.5		14.628069156		0

		6.486		6.486		3.4422837448		68.845674896		89		20.154325104		0		2				68.845674896		89		20.154325104		0

		5.676		5.676		2.5127961088		50.255922176		90		39.744077824		0		3				50.255922176		90		39.744077824		0

		6.973		6.973		4.1298518702		82.597037404		92.5		9.902962596		0		4				82.597037404		92.5		9.902962596		0

		6.324		7.4		4.812248		96.24496		93		-3.24496		0						96.24496		93		-3.24496		0

		6.952		7.8		5.518912		110.37824		94.5		-15.87824		0						110.37824		94.5		-15.87824		0

		6.93		8.1		6.091708		121.83416		91.5		-30.33416		0						121.83416		91.5		-30.33416		0

		7.22		8.2		6.290792		125.81584		88.5		-37.31584		0						125.81584		88.5		-37.31584		0

		6.564		8.4		6.701188		134.02376		87		-47.02376		0						134.02376		87		-47.02376		0

		7.41		7.6		5.157428		103.14856		89		-14.14856		0						103.14856		89		-14.14856		0

		7.13		7.3		4.645772		92.91544		87.5		-5.41544		0						92.91544		87.5		-5.41544		0

		6.037		7.1		4.325048		86.50096		90		3.49904		0		1				86.50096		90		3.49904		0

		7.04		7.04		4.23201008		84.6402016		90		5.3597984		0		2				84.6402016		90		5.3597984		0

		7.18		7.18		4.45138112		89.0276224		91		1.9723776		0		3				89.0276224		91		1.9723776		0

		7.87		7.87		5.64928322		112.9856644		93		-19.9856644		0						112.9856644		93		-19.9856644		0

		7.25		7.25		4.5640625		91.28125		93		1.71875		0		1				91.28125		93		1.71875		0

		8		8		5.8967		117.934		95		-22.934		0						117.934		95		-22.934		0

		8.14		8.14		6.17085248		123.4170496		95		-28.4170496		0						123.4170496		95		-28.4170496		0

		7.35		7.35		4.7285005		94.57001		99		4.42999		0		1				94.57001		99		4.42999		0

		7.47		7.47		4.93120642		98.6241284		94.5		-4.1241284		0						98.6241284		94.5		-4.1241284		0

		7.57		7.57		5.10461162		102.0922324		99.5		-2.5922324		0						102.0922324		99.5		-2.5922324		0

		8.47		8.47		6.84867842		136.9735684		102.5		-34.4735684		0						136.9735684		102.5		-34.4735684		0

		8.7		8.7		7.347352		146.94704		102.5		-44.44704		0						146.94704		102.5		-44.44704		0

		8.45		8.45		6.8063345		136.12669		104.5		-31.62669		0						136.12669		104.5		-31.62669		0

		9.3		9.3		8.749732		174.99464		105		-69.99464		0						174.99464		105		-69.99464		0

		9.25		9.25		8.6272625		172.54525		107.5		-65.04525		0						172.54525		107.5		-65.04525		0

		9.01		9.01		8.05359338		161.0718676		109		-52.0718676		0						161.0718676		109		-52.0718676		0

		8.96		8.96		7.93703408		158.7406816		108		-50.7406816		0						158.7406816		108		-50.7406816		0

		9.4		9.4		8.997728		179.95456		104.5		-75.45456		0						179.95456		104.5		-75.45456		0

		9.14		9.14		8.36141648		167.2283296		102		-65.2283296		0						167.2283296		102		-65.2283296		0

		9		9		8.0302		160.604		103		-57.604		0						160.604		103		-57.604		0

		7.7		7.7		5.336132		106.72264		103.5		-3.22264		0						106.72264		103.5		-3.22264		0

		9.06		9.06		8.17117168		163.4234336		105		-58.4234336		0						163.4234336		105		-58.4234336		0

		8.84		8.84		7.66144928		153.2289856		105.5		-47.7289856		0						153.2289856		105.5		-47.7289856		0

		7.13		7.13		4.37211722		87.4423444		106		18.5576556		0		1				87.4423444		106		18.5576556		0

		6.079		6.079		2.9418174158		58.836348316		106.5		47.663651684		0		2				58.836348316		106.5		47.663651684		0

		5.716		5.716		2.5524196928		51.048393856		107		55.951606144		0		3				51.048393856		107		55.951606144		0

		6.188		6.188		3.0692291072		61.384582144		107.5		46.115417856		0		4				61.384582144		107.5		46.115417856		0

		6.549		6.549		3.5257860238		70.515720476		108		37.484279524		0		5				70.515720476		108		37.484279524		0

		4.975		4.975		1.924254875		38.4850975		108.5		70.0149025		0		6				38.4850975		108.5		70.0149025		0

		3.572		3.572		1.3479324992		26.958649984		109		82.041350016		0		7				26.958649984		109		82.041350016		0

		3.724		3.724		1.3716178688		27.432357376		109.5		82.067642624		82.067642624		8				27.432357376		109.5		-74.864714752		156.932357376

		4.262		4.262		1.5311062472		30.622124944		110		79.377875056		79.377875056		9				30.622124944		110		-81.244249888		160.622124944

		4.598		4.598		1.6905610952		33.811221904		109		75.188778096		75.188778096		10				33.811221904		109		-87.622443808		162.811221904

		5.058		5.058		1.9834857832		39.669715664		108		68.330284336		68.330284336		11				39.669715664		108		-99.339431328		167.669715664

		5.174		5.174		2.0709708488		41.419416976		107		65.580583024		65.580583024		12				41.419416976		107		-102.838833952		168.419416976

		5.611		5.611		2.4497987198		48.995974396		106		57.004025604		57.004025604		13				48.995974396		106		-117.991948792		174.995974396

		4.27		4.27		1.53436802		30.6873604		105		74.3126396		74.3126396		14				30.6873604		105		-81.3747208		155.6873604

		4.132		4.132		1.4817586112		29.635172224		104		74.364827776		74.364827776		15				29.635172224		104		-79.270344448		153.635172224

		4.254		4.254		1.5278705608		30.557411216		103		72.442588784		72.442588784		16				30.557411216		103		-81.114822432		153.557411216

		4.903		4.903		1.8751482542		37.502965084		102		64.497034916		64.497034916		17				37.502965084		102		-95.005930168		159.502965084

		4.734		4.734		1.7681846728		35.363693456		101		65.636306544		65.636306544		18				35.363693456		101		-90.727386912		156.363693456

		5.067		5.067		1.9900771582		39.801543164		100		60.198456836		60.198456836						39.801543164		100		-99.603086328		159.801543164

		4.442		4.442		1.6108057832		32.216115664		99		66.783884336		66.783884336						32.216115664		99		-84.432231328		151.216115664

		4.645		4.645		1.716534395		34.3306879		98		63.6693121		63.6693121						34.3306879		98		-88.6613758		152.3306879

		4.939		4.939		1.8994374398		37.988748796		97		59.011251204		59.011251204						37.988748796		97		-95.977497592		154.988748796

		4.812		4.812		1.8161059072		36.322118144		96		59.677881856		59.677881856						36.322118144		96		-92.644236288		152.322118144

		4.415		4.415		1.598008955		31.9601791		95		63.0398209		63.0398209						31.9601791		95		-83.9203582		146.9601791

		4.434		4.434		1.6069831528		32.139663056		96		63.860336944		63.860336944						32.139663056		96		-84.279326112		148.139663056

		4.96		4.96		1.91385008		38.2770016		97.5		59.2229984		59.2229984						38.2770016		97.5		-96.5540032		155.7770016

		4.964		4.964		1.9166157248		38.332314496		97.5		59.167685504		59.167685504						38.332314496		97.5		-94.309316096		153.4770016

		5.005		5.005		1.945339595		38.9067919		98		59.0932081		59.0932081						38.9067919		98		-92.0837935		151.1770016

		5.039		5.039		1.9696790798		39.393581596		99		59.606418404		59.606418404						39.393581596		99		-89.270583196		148.8770016

		5.122		5.122		2.0310751592		40.621503184		99		58.378496816		58.378496816						40.621503184		99		-88.198504784		146.5770016

		5.266		5.266		2.1442554728		42.885109456		97.5		54.614890544		54.614890544						42.885109456		97.5		-89.662111056		144.2770016

		5.801		5.801		2.6387851838		52.775703676		97.5		44.724296324		44.724296324						52.775703676		97.5		-97.252705276		141.9770016

		6.302		6.302		3.2076663752		64.153327504		98		33.846672496		33.846672496						64.153327504		98		-105.830329104		139.6770016

		6.024		6.024		2.8793653888		57.587307776		97		39.412692224		39.412692224						57.587307776		97		-97.964309376		137.3770016

		5.848		5.848		2.6878045952		53.756091904		97		43.243908096		43.243908096						53.756091904		97		-91.833093504		135.0770016

		5.948		5.948		2.7950970752		55.901941504		96.5		40.598058496		40.598058496						55.901941504		96.5		-92.178943104		132.7770016

		6.102		6.102		2.9682993352		59.365986704		96.5		37.134013296		37.134013296						59.365986704		96.5		-93.342988304		130.4770016

		5.787		5.787		2.6243577022		52.487154044		99		46.512845956		46.512845956						52.487154044		99		-81.664155644		128.1770016

		6.539		6.539		3.5124236798		70.248473596		99		28.751526404		28.751526404						70.248473596		99		-97.125475196		125.8770016

		7.25		7.25		4.5640625		91.28125		102		10.71875		10.71875						91.28125		102		-112.8582516		123.5770016

		6.518		6.518		3.4844954312		69.689908624		102		32.310091376		32.310091376						69.689908624		102		-88.966910224		121.2770016

		6.554		6.554		3.5324824808		70.649649616		104		33.350350384		33.350350384						70.649649616		104		-85.626651216		118.9770016

		5.533		5.533		2.3764750382		47.529500764		104.5		56.970499236		56.970499236						47.529500764		104.5		-59.706502364		116.6770016

		6.412		6.412		3.3462678272		66.925356544		104		37.074643456		37.074643456						66.925356544		104		-77.302358144		114.3770016

		6.235		6.235		3.125662355		62.5132471		104		41.4867529		41.4867529						62.5132471		104		-70.5902487		112.0770016

		5.855		5.855		2.695182395		53.9036479		107.5		53.5963521		53.5963521						53.9036479		107.5		-56.1806495		109.7770016

		4.876		4.876		1.8572780288		37.145560576		112.5		75.354439424		75.354439424						37.145560576		112.5		-32.122562176		107.4770016

		5.573		5.573		2.4137671502		48.275343004		112.5		64.224656996		64.224656996						48.275343004		112.5		-40.952344604		105.1770016

		5.468		5.468		2.3172662912		46.345325824		110		63.654674176		63.654674176						46.345325824		110		-39.222327424		102.8770016

		5.777		5.777		2.6141012702		52.282025404		109.5		57.217974596		57.217974596						52.282025404		109.5		-43.359027004		100.5770016

		6.553		6.553		3.5311423742		70.622847484		109.5		38.877152516		38.877152516						70.622847484		109.5		-59.399849084		98.2770016

		6.645		6.645		3.656138395		73.1227679		106.5		33.3772321		33.3772321						73.1227679		106.5		-62.5997695		95.9770016

		6.257		6.257		3.1523872862		63.047745724		108		44.952254276		44.952254276						63.047745724		108		-48.724747324		93.6770016

		6.041		6.041		2.8985370878		57.970741756		109		51.029258244		51.029258244						57.970741756		109		-40.347743356		91.3770016

		5.723		5.723		2.5594208702		51.188417404		111.5		60.311582596		60.311582596						51.188417404		111.5		-28.765419004		89.0770016

		4.839		4.839		1.8332717998		36.665435996		115		78.334564004		78.334564004						36.665435996		115		-8.442437596		86.7770016

		5.102		5.102		2.0160241352		40.320482704		115		74.679517296		74.679517296						40.320482704		115		-10.320482704		85

		4.627		4.627		1.7064807902		34.129615804		112.5		78.370384196		78.370384196						34.129615804		112.5		-6.629615804		85

		4.758		4.758		1.7826655432		35.653310864		111.5		75.846689136		75.846689136						35.653310864		111.5		-9.153310864		85

		4.644		4.644		1.7159723968		34.319447936		111.5		77.180552064		77.180552064						34.319447936		111.5		-7.819447936		85

		4.844		4.844		1.8364832768		36.729665536		111.5		74.770334464		74.770334464						36.729665536		111.5		-10.229665536		85

		4.692		4.692		1.7434080832		34.868161664		107.5		72.631838336		72.631838336						34.868161664		107.5		-12.368161664		85

		3.775		3.775		1.381674875		27.6334975		107		79.3665025		79.3665025						27.6334975		107		-5.6334975		85

		3.822		3.822		1.3918817992		27.837635984		106.5		78.662364016		78.662364016						27.837635984		106.5		-6.337635984		85

		3.763		3.763		1.3792131422		27.584262844		106		78.415737156		78.415737156						27.584262844		106		-6.584262844		85

		4.1		4.1		1.470668		29.41336		105.5		76.08664		76.08664						29.41336		105.5		-8.91336		85

		3.916		3.916		1.4149968128		28.299936256		105		76.700063744		76.700063744						28.299936256		105		-8.299936256		85

		3.571		3.571		1.3478078558		26.956157116		104.5		77.543842884		77.543842884						26.956157116		104.5		-7.456157116		85

		4.185		4.185		1.501045555		30.0209111		104		73.9790889		73.9790889						30.0209111		104		-11.0209111		85

		2.928		2.928		1.3520540992		27.041081984		103		75.958918016		75.958918016						27.041081984		103		-9.041081984		85

		3.224		3.224		1.3291666688		26.583333376		102		75.416666624		75.416666624						26.583333376		102		-9.583333376		85

		3.198		3.198		1.3297463752		26.594927504		101		74.405072496		74.405072496						26.594927504		101		-10.594927504		85

																										83.7168778864
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Time, minutes

Diesel power, kW



														wind speed		Power

								200		325		525		5		40		20

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power		netload		6		60

		1		207.1		260		80		0		-53		7		80

		2		199.8		260		80		0		-60		7.6		100

		3		206.3		260		80		0		-54		8.2		120

		4		246.0		240		80		0		6		9		160

		5		261.0		220		81		0		41		9.3		180

		6		306.0		180		146		0		126		10		220

		7		318.0		180		138		0		138		10.4		240

		8		303.0		120		183		0		183		11		260

		9		288.0		100		188		0		188		12		260

		10		285.0		80		0		205		205		13		260

		11		306.0		60		0		246		246

		12		318.0		20		0		298		298

		13		342.0		0		200		142		342

		14		336.0		0		200		136		336

		15		339.0		0		200		139		339

		16		342.0		0		200		142		342

		17		354.0		0		200		154		354

		18		396.0		0		200		196		396

		19		465.0		0		200		265		465

		20		486.0		0		200		286		486

		21		468.0		80		200		188		388

		22		366.0		120		0		246		246

		23		332.0		160		0		172		172

		24		248.6		160		129		0		89

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power

		1		-207.118312856		260		80		0

		2		-199.796436112		260		80		0

		3		-206.306917544		260		80		0

		4		-246		240		80		0

		5		-261		220		81		0

		6		-306		180		146		0

		7		-318		180		138		0

		8		-303		120		183		0

		9		-288		100		188		0

		10		-285		80		0		205

		11		-306		60		0		246

		12		-318		20		0		298

		13		-342		0		200		142

		14		-336		0		200		136

		15		-339		0		200		139

		16		-342		0		200		142

		17		-354		0		200		154

		18		-396		0		200		196

		19		-465		0		200		265

		20		-486		0		200		286

		21		-468		80		200		188

		22		-366		120		0		246

		23		-332		160		0		172

		24		-248.63470632		160		129		0

								Hybrid								Dsl only				Dsl only

												Fuel				600		900		Fuel

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power		Dsl#1		Dsl #2		Dsl #1Power		Dsl #2 Power		Dsl#1		Dsl #2

		1		-621		312		309		0		126.504		0		0		621		0		228.496

		2		-621.354938568		312		309.354938568		0		126.5913148877		0		0		621.354938568		0		228.5833148877

		3		-599.389308336		312		287.389308336		0		121.1877698507		0		0		599.389308336		0		223.1797698507

		4		-618.920752632		288		330.920752632		0		131.8965051475		0		0		618.920752632		0		227.9845051475

		5		-738		264		474		0		167.094		0		0		738		0		257.278

		6		-783		216		567		0		189.972		0		0		783		0		268.348

		7		-918		216		0		702		0		248.422		400		518		148.89		203.158

		8		-954		144		0		810		0		274.99		400		554		148.89		212.014

		9		-909		120		0		789		0		269.824		400		509		148.89		200.944

		10		-864		96		0		768		0		264.658		400		464		148.89		189.874

		11		-855		72		0		783		0		268.348		400		455		148.89		187.66

		12		-918		24		0		894		0		295.654		400		518		148.89		203.158

		13		-954		0		500		454		173.49		187.414		400		554		148.89		212.014

		14		-1026		0		500		526		173.49		205.126		500		526		173.49		205.126

		15		-1008		0		500		508		173.49		200.698		500		508		173.49		200.698

		16		-1017		0		500		517		173.49		202.912		500		517		173.49		202.912

		17		-1026		0		500		526		173.49		205.126		500		526		173.49		205.126

		18		-1062		0		500		562		173.49		213.982		500		562		173.49		213.982

		19		-1188		0		500		688		173.49		244.978		500		688		173.49		244.978

		20		-1395		0		500		895		173.49		295.9		500		895		173.49		295.9

		21		-1458		96		500		862		173.49		287.782		500		958		173.49		311.398

		22		-1404		144		500		760		173.49		262.69		500		904		173.49		298.114

		23		-1098		192		500		406		173.49		175.606		500		598		173.49		222.838

		24		-996		192		0		804		0		273.514		500		496		173.49		197.746

		0		-22410.664999536		0		Hybrid				2771.6355898859		4377.624						2950.62		5441.5095898858

										Total				7149.2595898859								8392.1295898858

										Difference				1242.87		0.8519005234
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		Wind/load

																5		2

		Hour		Load, kW		Wind speed, m/s										6		3

		1		6.9		10.4				12						7		4

		2		6.7		10.4				12						7.6		5

		3		6.9		11				13						8.2		6

		4		8.2		10				11						9		8

		5		10.9		9.3				9						9.3		9

		6		10.2		9				8						10		11

		7		6.5		7				4						10.4		12

		8		3.7		6				3						11		13

		9		4.0		5				2

		10		4.2		0

		11		4.8		0

		12		5.2		0

		13		4.9		0

		14		4.3		0

		15		4.1		0
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		17		5.5		0
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		Renewable only system

		Hour		Load		Wind		PV		Battery		Battery in		Battery out

		1		1.1		2.550		0		1.4		1.4		0				0.9

		2		1.1		2.500		0		1.4		1.4		0				0.9

		3		1.1		2.150		0		1.1		1.1		0				0.9

		4		1.3		1.500		0		0.2		0.2		0				1.1

		5		1.7		1.100		0.1		-0.5		-0.5		0.6				1.5

		6		1.6		0.750		0.15		-0.7		-0.7		0.9				1.4

		7		1.0		0.070		0.2		-0.8		0.0		1.0				0.9

		8		0.6		0.000		0.3		-0.3		0		0.6				0.5

		9		0.6		0.000		0.6		-0.0		0		0.6				0.5

		10		0.7		0.000		1		0.3		0		0.7				0.6

		11		0.8		0.000		1.4		0.6		0		0.8				0.7

		12		0.8		0.000		1.6		0.8		0		0.8				0.7

		13		0.8		0.000		1.5		0.7		0		0.8				0.7

		14		0.7		0.000		1.2		0.5		0		0.7				0.6

		15		0.7		0.000		0.9		0.2		0		0.7				0.6

		16		0.7		0.000		0.6		-0.1		0		0.7				0.6

		17		0.9		0.000		0.3		-0.6		0		0.9				0.7

		18		1.1		0.000		0.2		-0.9		0		1.1				1.0

		19		2.5		0.000		0.1		-2.4		0		2.4				2.1

		20		2.7		1.000		0		-1.7		0.0		2.7				2.3

		21		2.5		1.500		0		-1.0		0.0		2.5				2.1

		22		1.9		1.750		0		-0.2		-0.2		0.0				1.7

		23		1.8		1.800		0		0.0		0.0		0.0				1.5

		24		1.3		2.250		0		0.9		0		-0.9				1.1

				30.031064727		18.92		10.15		-0.961064727		2.7		17.4883246237

		Hour		Load		Wind		PV		Battery

		1		-1.100316037		2.55		0		-1.449683963

		2		-1.0614185668		2.5		0		-1.4385814332

		3		-1.0960054995		2.15		0		-1.0539945005

		4		-1.306875		1.5		0		-0.193125

		5		-1.7371875		1.1		0.1		0.5371875

		6		-1.625625		0.75		0.15		0.725625

		7		-1.0359375		0.07		0.2		0.7659375

		8		-0.5905436505		0		0.3		0.2905436505

		9		-0.6324174443		0		0.6		0.0324174443

		10		-0.6761386113		0		1		-0.3238613887

		11		-0.7717914932		0		1.4		-0.6282085068

		12		-0.8229021533		0		1.6		-0.7770978467

		13		-0.777333613		0		1.5		-0.722666387

		14		-0.6869149553		0		1.2		-0.5130850447

		15		-0.6537648686		0		0.9		-0.2462351314

		16		-0.7171913503		0		0.6		0.1171913503

		17		-0.8736022859		0		0.3		0.5736022859

		18		-1.1382898206		0		0.2		0.9382898206

		19		-2.4703125		0		0.1		2.3703125

		20		-2.74125		1		0		1.74125

		21		-2.48625		1.5		0		0.98625

		22		-1.944375		1.75		0		0.194375

		23		-1.76375		1.8		0		-0.03625

		24		-1.3208718773		2.25		0		-0.9291281227

				Load		Wind		PV		Battery		Storage

		1		0		0.17		0		0.170		1.220		58.0952380952

		2		0		0.1666666667		0		0.167		1.387		66.0317460317

		3		0		0.1433333333		0		0.143		1.530		72.8571428571

		4		0.02		0.1		0		0.080		1.610		76.6666666667

		5		0.06		0.0733333333		0.003125		0.016		1.626		77.4503968254

		6		0.08		0.05		0.0046875		-0.025		1.601		76.2450396825

		7		0.06		0.0046666667		0.00625		-0.049		1.552		73.9077380952

		8		0.04		0		0.009375		-0.031		1.521		72.4494047619

		9		0.04		0		0.01875		-0.021		1.500		71.4375

		10		0.04		0		0.03125		-0.009		1.491		71.0208333333

		11		0.06		0		0.04375		-0.016		1.475		70.2470238095

		12		0.08		0		0.05		-0.030		1.445		68.818452381

		13		0.08		0		0.046875		-0.033		1.412		67.2410714286

		14		0.06		0		0.0375		-0.023		1.390		66.1696428571

		15		0.04		0		0.028125		-0.012		1.378		65.6041666667

		16		0.04		0		0.01875		-0.021		1.356		64.5922619048

		17		0.06		0		0.009375		-0.051		1.306		62.181547619

		18		0.1		0		0.00625		-0.094		1.212		57.7172619048

		19		0.16		0		0.003125		-0.157		1.055		50.2470238095

		20		0.16		0.0666666667		0		-0.093		0.962		45.8025793651

		21		0.13		0.1		0		-0.030		0.932		44.3740079365

		22		0.12		0.1166666667		0		-0.003		0.929		44.2152777778

		23		0.04		0.12		0		0.080		1.009		48.0248015873

		24		0		0.15		0		0.150		1.159		55.1676587302
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Diesel power, kW



Cyclecharge

		

		Wind/load

								power

		Hour		Load, kW		Wind speed, m/s		1 turb

		1		6.9		10.4		12

		2		6.7		10.4		12

		3		6.9		11		13

		4		8.2		10		11

		5		10.9		9.3		9

		6		10.2		9		8

		7		6.5		7		4

		8		3.7		6		3

		9		4.0		5		2

		10		4.2		0		0

		11		4.8		0		0

		12		5.2		0		0

		13		4.9		0		0

		14		4.3		0		0

		15		4.1		0		0

		16		4.5		0		0

		17		5.5		0		0

		18		7.1		0		0

		19		15.5		0		0

		20		17.2		0		0

		21		15.6		0		0

		22		12.2		7		4

		23		11.1		8.2		6

		24		8.3		8.2		6

												Battery

		Hour		Load		Wind Pow		Diesel power				SOC

		1		8.6		6		0		2.6299297023		61%		97.4

		2		8.3		6		0		2.3248515047		60%		99.7

		3		8.6		6.5		0		2.0961215643		59%		101.8

		4		10.3		5.5		0		4.75		57%		106.5

		5		13.6		4.5		0		9.125		54%		115.7

		6		12.8		4		0		8.75		50%		124.4

		7		8.1		2		0		6.125		48%		130.5

		8		4.6		1.5		0		3.131714906		47%		133.7

		9		5.0		1		0		3.960136818		45%		137.6

		10		5.3		0		0		5.303047932		43%		142.9

		11		6.1		0		0		6.0532666133		40%		149.0

		12		6.5		0		25		-18.5458654647		48%		130.4		2.7818798197

		13		6.1		0		25		-18.9032657807		55%		111.5		2.8354898671

		14		5.4		0		25		-19.612431723		63%		91.9		2.9418647584

		15		5.1		0		24.2		-19.0724324033		71%		72.9		2.8608648605

		16		5.6		0		23.5		-17.8749698013		78%		55.0		2.6812454702

		17		6.9		0		22.6		-15.7482173653		84%		39.2		2.3622326048

		18		8.9		0		11		-2.072236701		85%		37.2		0.3108355052

		19		19.4		0		0		19.375		77%		56.5		1.453125

		20		21.5		0		0		21.5		69%		78.0		1.6125

		21		19.5		0		0		19.5		61%		97.5		1.4625

		22		15.3		2		0		13.25		56%		110.8		0.99375

		23		13.8		3		0		10.8333333333		51%		121.6		0.8125

		24		10.4		3		0		7.35977943		48%		129.0		0.5519834572

				235.5377625647												23.6607713431
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switched

		Parallel system

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		6.9		12		0		5.1		5.1		0

		2		6.7		12		0		5.3		5.3		0

		3		6.9		13		0		6.1		6.1		0

		4		8.2		11		0		2.8		2.8		0

		5		10.9		9		15		13.1		13.1		0

		6		10.2		8		15		12.8		12.8		0

		7		6.5		5		0		-1.5		0.0		1.5

		8		3.7		3		0		-0.7		0		0.7

		9		4.0		2		0		-2.0		0		2.0

		10		4.2		0		0		-4.2		0		4.2

		11		4.8		0		0		-4.8		0		4.8

		12		5.2		0		0		-5.2		0		5.2

		13		4.9		0		0		-4.9		0		4.9

		14		4.3		0		0		-4.3		0		4.3

		15		4.1		0		0		-4.1		0		4.1

		16		4.5		0		0		-4.5		0		4.5

		17		5.5		0		0		-5.5		0		5.5

		18		7.1		0		0		-7.1		0		7.1

		19		15.5		0		15		-0.5		0		0.5

		20		17.2		0		15		-2.2		0.0		2.2

		21		15.6		0		15		-0.6		0.0		0.6

		22		12.2		4		15		6.8		6.8		0.0

		23		11.1		6		15		9.9		9.9		0.0

		24		8.3		6		0		-2.3		0		2.3

				188.4302100517		91		105		7.5697899483		62.0		54.422821168

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		-6.9039437619		12		0		-5.0960562381		5.0960562381		0

		2		-6.6598812037		12		0		-5.3401187963		5.3401187963		0

		3		-6.8768972515		13		0		-6.1231027485		6.1231027485		0

		4		-8.2		11		0		-2.8		2.8		0

		5		-10.9		9		15		-13.1		13.1		0

		6		-10.2		8		15		-12.8		12.8		0

		7		-6.5		5		0		1.5		0		1.5

		8		-3.7053719248		3		0		0.7053719248		0		0.7053719248

		9		-3.9681094544		2		0		1.9681094544		0		1.9681094544

		10		-4.2424383456		0		0		4.2424383456		0		4.2424383456

		11		-4.8426132907		0		0		4.8426132907		0		4.8426132907

		12		-5.1633076283		0		0		5.1633076283		0		5.1633076283

		13		-4.8773873755		0		0		4.8773873755		0		4.8773873755

		14		-4.3100546216		0		0		4.3100546216		0		4.3100546216

		15		-4.1020540773		0		0		4.1020540773		0		4.1020540773

		16		-4.5000241589		0		0		4.5000241589		0		4.5000241589

		17		-5.4814261077		0		0		5.4814261077		0		5.4814261077

		18		-7.1422106392		0		0		7.1422106392		0		7.1422106392

		19		-15.5		0		15		0.5		0		0.5

		20		-17.2		0		15		2.2		0		2.2

		21		-15.6		0		15		0.6		0		0.6

		22		-12.2		4		15		-6.8		6.8		0

		23		-11.0666666667		6		15		-9.9333333333		9.9333333333		0

		24		-8.287823544		6		0		2.287823544		0		2.287823544

		Hour		Load		Wind		Diesel		Battery		Storage

		1		6.9039437619		12		0		5.0960562381		62%

		2		6.6598812037		12		0		5.3401187963		64%

		3		6.8768972515		13		0		6.1231027485		67%

		4		8.2		11		0		2.8		68%

		5		10.9		9		15		13.1		73%

		6		10.2		8		15		12.8		78%

		7		6.5		5		0		-1.5		78%

		8		3.7053719248		3		0		-0.7053719248		77%

		9		3.9681094544		2		0		-1.9681094544		76%

		10		4.2424383456		0		0		-4.2424383456		75%

		11		4.8426132907		0		0		-4.8426132907		73%

		12		5.1633076283		0		0		-5.1633076283		71%

		13		4.8773873755		0		0		-4.8773873755		69%

		14		4.3100546216		0		0		-4.3100546216		67%

		15		4.1020540773		0		0		-4.1020540773		65%

		16		4.5000241589		0		0		-4.5000241589		64%

		17		5.4814261077		0		0		-5.4814261077		61%

		18		7.1422106392		0		0		-7.1422106392		59%

		19		15.5		0		15		-0.5		58%

		20		17.2		0		15		-2.2		57%

		21		15.6		0		15		-0.6		57%

		22		12.2		4		15		6.8		60%

		23		11.0666666667		6		15		9.9333333333		64%

		24		8.287823544		6		0		-2.287823544		63%

				188.4302100517
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		Series system

		10 kW inverter

		20 kW Generator

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		6.9		12		0		5.1		5.1		0

		2		6.7		12		0		5.3		5.3		0

		3		6.9		13		0		6.1		6.1		0

		4		8.2		11		0		2.8		2.8		0

		5		10.9		9		11.9		10.0		10.0		1.9				11.9

		6		10.2		8		12.2		10.0		10.0		2.2				12.2

		7		6.5		5		0		-1.5		0.0		1.5

		8		3.7		3		0		-0.7		0		0.7

		9		4.0		2		0		-2.0		0		2.0

		10		4.2		0		0		-4.2		0		4.2

		11		4.8		0		0		-4.8		0		4.8

		12		5.2		0		0		-5.2		0		5.2

		13		4.9		0		0		-4.9		0		4.9

		14		4.3		0		0		-4.3		0		4.3

		15		4.1		0		0		-4.1		0		4.1

		16		4.5		0		0		-4.5		0		4.5

		17		5.5		0		0		-5.5		0		5.5

		18		7.1		0		0		-7.1		0		7.1

		19		15.5		0		25		9.5		9.5		0				25.5

		20		17.2		0		25		7.8		7.8		0				27.2

		21		15.6		0		25		9.4		9.4		0				25.6

		22		12.2		4		18.2		10.0		10.0		0				18.2

		23		11.1		6		15.1		10.0		10.0		0				15.1

		24		8.3		6		0		-2.3		0		2.3

				188.4302100517		91		132.4				86.1		55.222821168

		Series system

		15 kW inverter

		20 kW Generator

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		6.9		12		0		5.1		5.1		0

		2		6.7		12		0		5.3		5.3		0

		3		6.9		13		0		6.1		6.1		0

		4		8.2		11		0		2.8		2.8		0

		5		10.9		9		0		-1.9		0		1.9

		6		10.2		8		0		-2.2		0		2.2

		7		6.5		5		0		-1.5		0		1.5

		8		3.7		3		0		-0.7		0		0.7

		9		4.0		2		0		-2.0		0		2.0

		10		4.2		0		0		-4.2		0		4.2

		11		4.8		0		0		-4.8		0		4.8

		12		5.2		0		0		-5.2		0		5.2

		13		4.9		0		0		-4.9		0		4.9

		14		4.3		0		0		-4.3		0		4.3

		15		4.1		0		0		-4.1		0		4.1

		16		4.5		0		0		-4.5		0		4.5

		17		5.5		0		0		-5.5		0		5.5

		18		7.1		0		0		-7.1		0		7.1

		19		15.5		0		25		9.5		9.5		0

		20		17.2		0		25		7.8		7.8		0

		21		15.6		0		25		9.4		9.4		0

		22		12.2		4		25		16.8		16.8		0.0

		23		11.1		6		0		-5.1		0.0		5.1

		24		8.3		6		0		-2.3		0		2.3

				188.4302100517		91		100		2.5697899483		62.9		60.2894878347

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		-6.9039437619		12		0		-5.0960562381		5.0960562381		0

		2		-6.6598812037		12		0		-5.3401187963		5.3401187963		0

		3		-6.8768972515		13		0		-6.1231027485		6.1231027485		0

		4		-8.2		11		0		-2.8		2.8		0

		5		-10.9		9		0		1.9		0		1.9

		6		-10.2		8		0		2.2		0		2.2

		7		-6.5		5		0		1.5		0		1.5

		8		-3.7053719248		3		0		0.7053719248		0		0.7053719248

		9		-3.9681094544		2		0		1.9681094544		0		1.9681094544

		10		-4.2424383456		0		0		4.2424383456		0		4.2424383456

		11		-4.8426132907		0		0		4.8426132907		0		4.8426132907

		12		-5.1633076283		0		0		5.1633076283		0		5.1633076283

		13		-4.8773873755		0		0		4.8773873755		0		4.8773873755

		14		-4.3100546216		0		0		4.3100546216		0		4.3100546216

		15		-4.1020540773		0		0		4.1020540773		0		4.1020540773

		16		-4.5000241589		0		0		4.5000241589		0		4.5000241589

		17		-5.4814261077		0		0		5.4814261077		0		5.4814261077

		18		-7.1422106392		0		0		7.1422106392		0		7.1422106392

		19		-15.5		0		25		-9.5		9.5		0

		20		-17.2		0		25		-7.8		7.8		0

		21		-15.6		0		25		-9.4		9.4		0

		22		-12.2		4		25		-16.8		16.8		0

		23		-11.0666666667		6		0		5.0666666667		0		5.0666666667

		24		-8.287823544		6		0		2.287823544		0		2.287823544

		Hour		Load		Wind		Diesel		Battery		Storage

		1		6.9039437619		12		0		5.0960562381		42%

		2		6.6598812037		12		0		5.3401187963		44%

		3		6.8768972515		13		0		6.1231027485		47%

		4		8.2		11		0		2.8		48%

		5		10.9		9		0		-1.9		47%

		6		10.2		8		0		-2.2		46%

		7		6.5		5		0		-1.5		46%

		8		3.7053719248		3		0		-0.7053719248		45%

		9		3.9681094544		2		0		-1.9681094544		44%

		10		4.2424383456		0		0		-4.2424383456		43%

		11		4.8426132907		0		0		-4.8426132907		41%

		12		5.1633076283		0		0		-5.1633076283		39%

		13		4.8773873755		0		0		-4.8773873755		37%

		14		4.3100546216		0		0		-4.3100546216		35%

		15		4.1020540773		0		0		-4.1020540773		33%

		16		4.5000241589		0		0		-4.5000241589		32%

		17		5.4814261077		0		0		-5.4814261077		29%

		18		7.1422106392		0		0		-7.1422106392		27%

		19		15.5		0		25		9.5		30%

		20		17.2		0		25		7.8		33%

		21		15.6		0		25		9.4		37%

		22		12.2		4		25		16.8		44%

		23		11.0666666667		6		0		-5.0666666667		42%

		24		8.287823544		6		0		-2.287823544		41%
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		Wind		Wind		Wind power		Wind power		Load		Power from Battery		Diesel power						Wind power		Load		Power from Battery		Diesel power

		7.92		7.92		5.74362832		114.8725664		87.5		-27.3725664		0						114.8725664		87.5		-27.3725664		0

		7.88		7.88		5.66807072		113.3614144		90		-23.3614144		0						113.3614144		90		-23.3614144		0

		8.11		8.11		6.11143298		122.2286596		91		-31.2286596		0						122.2286596		91		-31.2286596		0

		7.49		7.49		4.96556138		99.3112276		93		-6.3112276		0						99.3112276		93		-6.3112276		0

		8.52		8.52		6.95525152		139.1050304		93		-46.1050304		0						139.1050304		93		-46.1050304		0

		8.85		8.85		7.6841905		153.68381		92		-61.68381		0						153.68381		92		-61.68381		0

		9.36		9.36		8.89804048		177.9608096		93		-84.9608096		0						177.9608096		93		-84.9608096		0

		10.29		10.29		11.38446058		227.6892116		94		-133.6892116		0						227.6892116		94		-133.6892116		0

		10.01		10.01		10.59876938		211.9753876		93.5		-118.4753876		0						211.9753876		93.5		-118.4753876		0

		10.51		10.51		12.02420738		240.4841476		94.5		-145.9841476		0						240.4841476		94.5		-145.9841476		0

		11.52		10.5		11.9947		239.894		95		-144.894		0						239.894		95		-144.894		0

		11.38		10.56		12.17235568		243.4471136		96		-147.4471136		0						243.4471136		96		-147.4471136		0

		12.06		10.2		11.128432		222.56864		96.5		-126.06864		0						222.56864		96.5		-126.06864		0

		10.1		10.1		10.847828		216.95656		91		-125.95656		0						216.95656		91		-125.95656		0

		8.76		8.76		7.48098688		149.6197376		92.5		-57.1197376		0						149.6197376		92.5		-57.1197376		0

		8.29		8.29		6.47345258		129.4690516		94.5		-34.9690516		0						129.4690516		94.5		-34.9690516		0

		8.36		8.36		6.61780448		132.3560896		89		-43.3560896		0						132.3560896		89		-43.3560896		0

		8.63		8.63		7.19329922		143.8659844		88		-55.8659844		0						143.8659844		88		-55.8659844		0

		7.83		7.83		5.57454082		111.4908164		93		-18.4908164		0						111.4908164		93		-18.4908164		0

		7.27		7.27		4.59662402		91.9324804		94.5		2.5675196		0		1				91.9324804		94.5		2.5675196		0

		8.32		8.32		6.53507312		130.7014624		95		-35.7014624		0						130.7014624		95		-35.7014624		0

		8.95		8.95		7.9138445		158.27689		99		-59.27689		0						158.27689		99		-59.27689		0

		8.75		8.75		7.4586125		149.17225		98		-51.17225		0						149.17225		98		-51.17225		0

		8.49		8.49		6.89118538		137.8237076		98		-39.8237076		0						137.8237076		98		-39.8237076		0

		8.35		8.35		6.5970605		131.94121		96.5		-35.44121		0						131.94121		96.5		-35.44121		0

		7.25		7.25		4.5640625		91.28125		99.5		8.21875		0		1				91.28125		99.5		8.21875		0

		9.8		9.8		10.030472		200.60944		102.5		-98.10944		0						200.60944		102.5		-98.10944		0

		8.35		8.35		6.5970605		131.94121		104		-27.94121		0						131.94121		104		-27.94121		0

		8.27		8.27		6.43257602		128.6515204		104.5		-24.1515204		0						128.6515204		104.5		-24.1515204		0

		8.38		8.38		6.65941472		133.1882944		104		-29.1882944		0						133.1882944		104		-29.1882944		0

		7.5		7.5		4.9828		99.656		104.5		4.844		0		1				99.656		104.5		4.844		0

		8.22		8.22		6.33109792		126.6219584		105		-21.6219584		0						126.6219584		105		-21.6219584		0

		8.22		8.22		6.33109792		126.6219584		107.5		-19.1219584		0						126.6219584		107.5		-19.1219584		0

		8.87		8.87		7.72979522		154.5959044		109		-45.5959044		0						154.5959044		109		-45.5959044		0

		8.55		8.55		7.0196845		140.39369		109		-31.39369		0						140.39369		109		-31.39369		0

		8.03		8.03		5.95477442		119.0954884		112.5		-6.5954884		0						119.0954884		112.5		-6.5954884		0

		10.6		10.05		10.7090545		214.18109		113		-101.18109		0						214.18109		113		-101.18109		0

		8.33		8.33		6.55569482		131.1138964		114		-17.1138964		0						131.1138964		114		-17.1138964		0

		6.476		6.476		3.4291781888		68.583563776		114.5		45.916436224		0		1				68.583563776		114.5		45.916436224		0

		6.546		6.546		3.5217730408		70.435460816		117		46.564539184		0		2				70.435460816		117		46.564539184		0

		7.05		7.05		4.2474145		84.94829		118		33.05171		0		3				84.94829		118		33.05171		0

		7.83		7.83		5.57454082		111.4908164		117.5		6.0091836		0		4				111.4908164		117.5		6.0091836		0

		8.07		8.07		6.03277762		120.6555524		117		-3.6555524		0						120.6555524		117		-3.6555524		0

		5.634		5.634		2.4718932328		49.437864656		115		65.562135344		0		1				49.437864656		115		65.562135344		0

		6.872		6.872		3.9793102592		79.586205184		115.5		35.913794816		0		2				79.586205184		115.5		35.913794816		0

		6.434		6.434		3.3745799528		67.491599056		114.5		47.008400944		0		3				67.491599056		114.5		47.008400944		0

		6.46		6.46		3.40829408		68.1658816		114		45.8341184		0		4				68.1658816		114		45.8341184		0

		6.394		6.394		3.3232500968		66.465001936		112.5		46.034998064		0		5				66.465001936		112.5		46.034998064		0

		6.178		6.178		3.0573381992		61.146763984		115		53.853236016		0		6				61.146763984		115		53.853236016		0

		5.642		5.642		2.4796288232		49.592576464		115.5		65.907423536		0		7				49.592576464		115.5		65.907423536		0

		5.479		5.479		2.3271651758		46.543303516		114		67.456696484		67.456696484		8				46.543303516		114		-113.086607032		180.543303516

		5.759		5.759		2.5957424078		51.914848156		113		61.085151844		61.085151844		9				51.914848156		113		-123.829696312		184.914848156

		5.008		5.008		1.9474682432		38.949364864		112		73.050635136		73.050635136		10				38.949364864		112		-97.898729728		170.949364864

		5.969		5.969		2.8181463518		56.362927036		110.5		54.137072964		54.137072964		11				56.362927036		110.5		-132.725854072		186.862927036

		6.879		6.879		3.9896097358		79.792194716		109.5		29.707805284		29.707805284		12				79.792194716		109.5		-179.584389432		209.292194716

		6.359		6.359		3.2788714478		65.577428956		105		39.422571044		39.422571044		13				65.577428956		105		-151.154857912		190.577428956

		5.87		5.87		2.71105922		54.2211844		105		50.7788156		50.7788156		14				54.2211844		105		-128.4423688		179.2211844

		6.259		6.259		3.1548266078		63.096532156		107.5		44.403467844		44.403467844		15				63.096532156		107.5		-146.193064312		190.596532156

		5.9		5.9		2.743088		54.86176		107		52.13824		52.13824		16				54.86176		107		-129.72352		181.86176

		5.526		5.526		2.3700159688		47.400319376		112		64.599680624		64.599680624		17				47.400319376		112		-114.800638752		179.400319376

		5.281		5.281		2.1565311518		43.130623036		111.5		68.369376964		68.369376964		18				43.130623036		111.5		-106.261246072		174.630623036

		5.435		5.435		2.287865555		45.7573111		111.5		65.7426889		65.7426889		19				45.7573111		111.5		-111.5146222		177.2573111

		5.558		5.558		2.3997061832		47.994123664		112.5		64.505876336		64.505876336		20				47.994123664		112.5		-115.988247328		180.494123664

		5.747		6.747		3.7987537342		75.975074684		112		36.024925316		36.024925316		21				75.975074684		112		-171.950149368		207.975074684

		7.17		8.37		6.63858922		132.7717844		114		-18.7717844		10						132.7717844		114		-103.7717844		85

		7.27		8.47		6.84867842		136.9735684		115		-21.9735684		10						136.9735684		115		-106.9735684		85

		7.44		8.64		7.21518448		144.3036896		115		-29.3036896		10						144.3036896		115		-114.3036896		85

		7.49		8.69		7.32522218		146.5044436		117.5		-29.0044436		10						146.5044436		117.5		-114.0044436		85

		7.5		8.7		7.347352		146.94704		119		-27.94704		10						146.94704		119		-112.94704		85

		7.45		8.65		7.2371105		144.74221		119.5		-25.24221		0						144.74221		119.5		-25.24221		0

		7.45		8.65		7.2371105		144.74221		117		-27.74221		0						144.74221		117		-27.74221		0

		6.55		6.55		3.5271245		70.54249		111.5		40.95751		0		1				70.54249		111.5		40.95751		0

		6.568		6.568		3.5512867712		71.025735424		110.5		39.474264576		0		2				71.025735424		110.5		39.474264576		0

		5.963		5.963		2.8115425022		56.230850044		109		52.769149956		0		3				56.230850044		109		52.769149956		0

		5.989		5.989		2.8402651598		56.805303196		107.5		50.694696804		0		4				56.805303196		107.5		50.694696804		0

		6.813		6.813		3.8932939822		77.865879644		106		28.134120356		0		5				77.865879644		106		28.134120356		0

		6.275		6.275		3.174399875		63.4879975		102		38.5120025		0		6				63.4879975		102		38.5120025		0

		6.584		6.584		3.5728752128		71.457504256		101.5		30.042495744		0		7				71.457504256		101.5		30.042495744		0

		6.704		6.704		3.7381145408		74.762290816		96		21.237709184		21.237709184		8				74.762290816		96		-169.524581632		190.762290816

		7.19		7.19		4.46735618		89.3471236		90		0.6528764		10		9				89.3471236		90		-198.6942472		199.3471236

		6.858		6.858		3.9587712232		79.175424464		89.5		10.324575536		10.324575536		10				79.175424464		89.5		-178.350848928		188.675424464

		6.631		6.631		3.6368947118		72.737894236		89		16.262105764		16.262105764		11				72.737894236		89		-165.475788472		181.737894236

		6.854		6.854		3.9529176008		79.058352016		88.5		9.441647984		10		12				79.058352016		88.5		-178.116704032		187.558352016

		6.688		6.688		3.7157435072		74.314870144		90		15.685129856		15.685129856		13				74.314870144		90		-168.629740288		184.314870144

		6.892		6.892		4.0087903232		80.175806464		90		9.824193536		10		14				80.175806464		90		-180.351612928		190.175806464

		6.536		6.536		3.5084229248		70.168458496		87.5		17.331541504		17.331541504		15				70.168458496		87.5		-160.336916992		177.668458496

		6.482		6.482		3.4370366312		68.740732624		87.5		18.759267376		18.759267376		16				68.740732624		87.5		-157.481465248		176.240732624

		7.01		7.01		4.18604138		83.7208276		87		3.2791724		10		17				83.7208276		87		-187.4416552		190.7208276

		6.995		6.995		4.163194595		83.2638919		86.5		3.2361081		10		18				83.2638919		86.5		-186.5277838		189.7638919

		7.55		7.55		5.0696045		101.39209		86		-15.39209		10						101.39209		86		-100.39209		85

		6.71		8.25		6.3918625		127.83725		85.5		-42.33725		10						127.83725		85.5		-127.33725		85

		7.57		7.57		5.10461162		102.0922324		85		-17.0922324		10						102.0922324		85		-102.0922324		85

		7.28		7.28		4.61296592		92.2593184		84.5		-7.7593184		10						92.2593184		84.5		-92.7593184		85

		7.03		7.03		4.21664642		84.3329284		84		-0.3329284		10						84.3329284		84		-85.3329284		85

		6.487		6.487		3.4435965422		68.871930844		83.5		14.628069156		0		1				68.871930844		83.5		14.628069156		0

		6.486		6.486		3.4422837448		68.845674896		89		20.154325104		0		2				68.845674896		89		20.154325104		0

		5.676		5.676		2.5127961088		50.255922176		90		39.744077824		0		3				50.255922176		90		39.744077824		0

		6.973		6.973		4.1298518702		82.597037404		92.5		9.902962596		0		4				82.597037404		92.5		9.902962596		0

		6.324		7.4		4.812248		96.24496		93		-3.24496		0						96.24496		93		-3.24496		0

		6.952		7.8		5.518912		110.37824		94.5		-15.87824		0						110.37824		94.5		-15.87824		0

		6.93		8.1		6.091708		121.83416		91.5		-30.33416		0						121.83416		91.5		-30.33416		0

		7.22		8.2		6.290792		125.81584		88.5		-37.31584		0						125.81584		88.5		-37.31584		0

		6.564		8.4		6.701188		134.02376		87		-47.02376		0						134.02376		87		-47.02376		0

		7.41		7.6		5.157428		103.14856		89		-14.14856		0						103.14856		89		-14.14856		0

		7.13		7.3		4.645772		92.91544		87.5		-5.41544		0						92.91544		87.5		-5.41544		0

		6.037		7.1		4.325048		86.50096		90		3.49904		0		1				86.50096		90		3.49904		0

		7.04		7.04		4.23201008		84.6402016		90		5.3597984		0		2				84.6402016		90		5.3597984		0

		7.18		7.18		4.45138112		89.0276224		91		1.9723776		0		3				89.0276224		91		1.9723776		0

		7.87		7.87		5.64928322		112.9856644		93		-19.9856644		0						112.9856644		93		-19.9856644		0

		7.25		7.25		4.5640625		91.28125		93		1.71875		0		1				91.28125		93		1.71875		0

		8		8		5.8967		117.934		95		-22.934		0						117.934		95		-22.934		0

		8.14		8.14		6.17085248		123.4170496		95		-28.4170496		0						123.4170496		95		-28.4170496		0

		7.35		7.35		4.7285005		94.57001		99		4.42999		0		1				94.57001		99		4.42999		0

		7.47		7.47		4.93120642		98.6241284		94.5		-4.1241284		0						98.6241284		94.5		-4.1241284		0

		7.57		7.57		5.10461162		102.0922324		99.5		-2.5922324		0						102.0922324		99.5		-2.5922324		0

		8.47		8.47		6.84867842		136.9735684		102.5		-34.4735684		0						136.9735684		102.5		-34.4735684		0

		8.7		8.7		7.347352		146.94704		102.5		-44.44704		0						146.94704		102.5		-44.44704		0

		8.45		8.45		6.8063345		136.12669		104.5		-31.62669		0						136.12669		104.5		-31.62669		0

		9.3		9.3		8.749732		174.99464		105		-69.99464		0						174.99464		105		-69.99464		0

		9.25		9.25		8.6272625		172.54525		107.5		-65.04525		0						172.54525		107.5		-65.04525		0

		9.01		9.01		8.05359338		161.0718676		109		-52.0718676		0						161.0718676		109		-52.0718676		0

		8.96		8.96		7.93703408		158.7406816		108		-50.7406816		0						158.7406816		108		-50.7406816		0

		9.4		9.4		8.997728		179.95456		104.5		-75.45456		0						179.95456		104.5		-75.45456		0

		9.14		9.14		8.36141648		167.2283296		102		-65.2283296		0						167.2283296		102		-65.2283296		0

		9		9		8.0302		160.604		103		-57.604		0						160.604		103		-57.604		0

		7.7		7.7		5.336132		106.72264		103.5		-3.22264		0						106.72264		103.5		-3.22264		0

		9.06		9.06		8.17117168		163.4234336		105		-58.4234336		0						163.4234336		105		-58.4234336		0

		8.84		8.84		7.66144928		153.2289856		105.5		-47.7289856		0						153.2289856		105.5		-47.7289856		0

		7.13		7.13		4.37211722		87.4423444		106		18.5576556		0		1				87.4423444		106		18.5576556		0

		6.079		6.079		2.9418174158		58.836348316		106.5		47.663651684		0		2				58.836348316		106.5		47.663651684		0

		5.716		5.716		2.5524196928		51.048393856		107		55.951606144		0		3				51.048393856		107		55.951606144		0

		6.188		6.188		3.0692291072		61.384582144		107.5		46.115417856		0		4				61.384582144		107.5		46.115417856		0

		6.549		6.549		3.5257860238		70.515720476		108		37.484279524		0		5				70.515720476		108		37.484279524		0

		4.975		4.975		1.924254875		38.4850975		108.5		70.0149025		0		6				38.4850975		108.5		70.0149025		0

		3.572		3.572		1.3479324992		26.958649984		109		82.041350016		0		7				26.958649984		109		82.041350016		0

		3.724		3.724		1.3716178688		27.432357376		109.5		82.067642624		82.067642624		8				27.432357376		109.5		-74.864714752		156.932357376

		4.262		4.262		1.5311062472		30.622124944		110		79.377875056		79.377875056		9				30.622124944		110		-81.244249888		160.622124944

		4.598		4.598		1.6905610952		33.811221904		109		75.188778096		75.188778096		10				33.811221904		109		-87.622443808		162.811221904

		5.058		5.058		1.9834857832		39.669715664		108		68.330284336		68.330284336		11				39.669715664		108		-99.339431328		167.669715664

		5.174		5.174		2.0709708488		41.419416976		107		65.580583024		65.580583024		12				41.419416976		107		-102.838833952		168.419416976

		5.611		5.611		2.4497987198		48.995974396		106		57.004025604		57.004025604		13				48.995974396		106		-117.991948792		174.995974396

		4.27		4.27		1.53436802		30.6873604		105		74.3126396		74.3126396		14				30.6873604		105		-81.3747208		155.6873604

		4.132		4.132		1.4817586112		29.635172224		104		74.364827776		74.364827776		15				29.635172224		104		-79.270344448		153.635172224

		4.254		4.254		1.5278705608		30.557411216		103		72.442588784		72.442588784		16				30.557411216		103		-81.114822432		153.557411216

		4.903		4.903		1.8751482542		37.502965084		102		64.497034916		64.497034916		17				37.502965084		102		-95.005930168		159.502965084

		4.734		4.734		1.7681846728		35.363693456		101		65.636306544		65.636306544		18				35.363693456		101		-90.727386912		156.363693456

		5.067		5.067		1.9900771582		39.801543164		100		60.198456836		60.198456836						39.801543164		100		-99.603086328		159.801543164

		4.442		4.442		1.6108057832		32.216115664		99		66.783884336		66.783884336						32.216115664		99		-84.432231328		151.216115664

		4.645		4.645		1.716534395		34.3306879		98		63.6693121		63.6693121						34.3306879		98		-88.6613758		152.3306879

		4.939		4.939		1.8994374398		37.988748796		97		59.011251204		59.011251204						37.988748796		97		-95.977497592		154.988748796

		4.812		4.812		1.8161059072		36.322118144		96		59.677881856		59.677881856						36.322118144		96		-92.644236288		152.322118144

		4.415		4.415		1.598008955		31.9601791		95		63.0398209		63.0398209						31.9601791		95		-83.9203582		146.9601791

		4.434		4.434		1.6069831528		32.139663056		96		63.860336944		63.860336944						32.139663056		96		-84.279326112		148.139663056

		4.96		4.96		1.91385008		38.2770016		97.5		59.2229984		59.2229984						38.2770016		97.5		-96.5540032		155.7770016

		4.964		4.964		1.9166157248		38.332314496		97.5		59.167685504		59.167685504						38.332314496		97.5		-94.309316096		153.4770016

		5.005		5.005		1.945339595		38.9067919		98		59.0932081		59.0932081						38.9067919		98		-92.0837935		151.1770016

		5.039		5.039		1.9696790798		39.393581596		99		59.606418404		59.606418404						39.393581596		99		-89.270583196		148.8770016

		5.122		5.122		2.0310751592		40.621503184		99		58.378496816		58.378496816						40.621503184		99		-88.198504784		146.5770016

		5.266		5.266		2.1442554728		42.885109456		97.5		54.614890544		54.614890544						42.885109456		97.5		-89.662111056		144.2770016

		5.801		5.801		2.6387851838		52.775703676		97.5		44.724296324		44.724296324						52.775703676		97.5		-97.252705276		141.9770016

		6.302		6.302		3.2076663752		64.153327504		98		33.846672496		33.846672496						64.153327504		98		-105.830329104		139.6770016

		6.024		6.024		2.8793653888		57.587307776		97		39.412692224		39.412692224						57.587307776		97		-97.964309376		137.3770016

		5.848		5.848		2.6878045952		53.756091904		97		43.243908096		43.243908096						53.756091904		97		-91.833093504		135.0770016

		5.948		5.948		2.7950970752		55.901941504		96.5		40.598058496		40.598058496						55.901941504		96.5		-92.178943104		132.7770016

		6.102		6.102		2.9682993352		59.365986704		96.5		37.134013296		37.134013296						59.365986704		96.5		-93.342988304		130.4770016

		5.787		5.787		2.6243577022		52.487154044		99		46.512845956		46.512845956						52.487154044		99		-81.664155644		128.1770016

		6.539		6.539		3.5124236798		70.248473596		99		28.751526404		28.751526404						70.248473596		99		-97.125475196		125.8770016

		7.25		7.25		4.5640625		91.28125		102		10.71875		10.71875						91.28125		102		-112.8582516		123.5770016

		6.518		6.518		3.4844954312		69.689908624		102		32.310091376		32.310091376						69.689908624		102		-88.966910224		121.2770016

		6.554		6.554		3.5324824808		70.649649616		104		33.350350384		33.350350384						70.649649616		104		-85.626651216		118.9770016

		5.533		5.533		2.3764750382		47.529500764		104.5		56.970499236		56.970499236						47.529500764		104.5		-59.706502364		116.6770016

		6.412		6.412		3.3462678272		66.925356544		104		37.074643456		37.074643456						66.925356544		104		-77.302358144		114.3770016

		6.235		6.235		3.125662355		62.5132471		104		41.4867529		41.4867529						62.5132471		104		-70.5902487		112.0770016

		5.855		5.855		2.695182395		53.9036479		107.5		53.5963521		53.5963521						53.9036479		107.5		-56.1806495		109.7770016

		4.876		4.876		1.8572780288		37.145560576		112.5		75.354439424		75.354439424						37.145560576		112.5		-32.122562176		107.4770016

		5.573		5.573		2.4137671502		48.275343004		112.5		64.224656996		64.224656996						48.275343004		112.5		-40.952344604		105.1770016

		5.468		5.468		2.3172662912		46.345325824		110		63.654674176		63.654674176						46.345325824		110		-39.222327424		102.8770016

		5.777		5.777		2.6141012702		52.282025404		109.5		57.217974596		57.217974596						52.282025404		109.5		-43.359027004		100.5770016

		6.553		6.553		3.5311423742		70.622847484		109.5		38.877152516		38.877152516						70.622847484		109.5		-59.399849084		98.2770016

		6.645		6.645		3.656138395		73.1227679		106.5		33.3772321		33.3772321						73.1227679		106.5		-62.5997695		95.9770016

		6.257		6.257		3.1523872862		63.047745724		108		44.952254276		44.952254276						63.047745724		108		-48.724747324		93.6770016

		6.041		6.041		2.8985370878		57.970741756		109		51.029258244		51.029258244						57.970741756		109		-40.347743356		91.3770016

		5.723		5.723		2.5594208702		51.188417404		111.5		60.311582596		60.311582596						51.188417404		111.5		-28.765419004		89.0770016

		4.839		4.839		1.8332717998		36.665435996		115		78.334564004		78.334564004						36.665435996		115		-8.442437596		86.7770016

		5.102		5.102		2.0160241352		40.320482704		115		74.679517296		74.679517296						40.320482704		115		-10.320482704		85

		4.627		4.627		1.7064807902		34.129615804		112.5		78.370384196		78.370384196						34.129615804		112.5		-6.629615804		85

		4.758		4.758		1.7826655432		35.653310864		111.5		75.846689136		75.846689136						35.653310864		111.5		-9.153310864		85

		4.644		4.644		1.7159723968		34.319447936		111.5		77.180552064		77.180552064						34.319447936		111.5		-7.819447936		85

		4.844		4.844		1.8364832768		36.729665536		111.5		74.770334464		74.770334464						36.729665536		111.5		-10.229665536		85

		4.692		4.692		1.7434080832		34.868161664		107.5		72.631838336		72.631838336						34.868161664		107.5		-12.368161664		85

		3.775		3.775		1.381674875		27.6334975		107		79.3665025		79.3665025						27.6334975		107		-5.6334975		85

		3.822		3.822		1.3918817992		27.837635984		106.5		78.662364016		78.662364016						27.837635984		106.5		-6.337635984		85

		3.763		3.763		1.3792131422		27.584262844		106		78.415737156		78.415737156						27.584262844		106		-6.584262844		85

		4.1		4.1		1.470668		29.41336		105.5		76.08664		76.08664						29.41336		105.5		-8.91336		85

		3.916		3.916		1.4149968128		28.299936256		105		76.700063744		76.700063744						28.299936256		105		-8.299936256		85

		3.571		3.571		1.3478078558		26.956157116		104.5		77.543842884		77.543842884						26.956157116		104.5		-7.456157116		85

		4.185		4.185		1.501045555		30.0209111		104		73.9790889		73.9790889						30.0209111		104		-11.0209111		85

		2.928		2.928		1.3520540992		27.041081984		103		75.958918016		75.958918016						27.041081984		103		-9.041081984		85

		3.224		3.224		1.3291666688		26.583333376		102		75.416666624		75.416666624						26.583333376		102		-9.583333376		85

		3.198		3.198		1.3297463752		26.594927504		101		74.405072496		74.405072496						26.594927504		101		-10.594927504		85

																										83.7168778864
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Time, minutes

Diesel power, kW



														wind speed		Power

								200		325		525		5		40		20

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power		netload		6		60

		1		207.1		260		80		0		-53		7		80

		2		199.8		260		80		0		-60		7.6		100

		3		206.3		260		80		0		-54		8.2		120

		4		246.0		240		80		0		6		9		160

		5		261.0		220		81		0		41		9.3		180

		6		306.0		180		146		0		126		10		220

		7		318.0		180		138		0		138		10.4		240

		8		303.0		120		183		0		183		11		260

		9		288.0		100		188		0		188		12		260

		10		285.0		80		0		205		205		13		260

		11		306.0		60		0		246		246

		12		318.0		20		0		298		298

		13		342.0		0		200		142		342

		14		336.0		0		200		136		336

		15		339.0		0		200		139		339

		16		342.0		0		200		142		342

		17		354.0		0		200		154		354

		18		396.0		0		200		196		396

		19		465.0		0		200		265		465

		20		486.0		0		200		286		486

		21		468.0		80		200		188		388

		22		366.0		120		0		246		246

		23		332.0		160		0		172		172

		24		248.6		160		129		0		89

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power

		1		-207.118312856		260		80		0

		2		-199.796436112		260		80		0

		3		-206.306917544		260		80		0

		4		-246		240		80		0

		5		-261		220		81		0

		6		-306		180		146		0

		7		-318		180		138		0

		8		-303		120		183		0

		9		-288		100		188		0

		10		-285		80		0		205

		11		-306		60		0		246

		12		-318		20		0		298

		13		-342		0		200		142

		14		-336		0		200		136

		15		-339		0		200		139

		16		-342		0		200		142

		17		-354		0		200		154

		18		-396		0		200		196

		19		-465		0		200		265

		20		-486		0		200		286

		21		-468		80		200		188

		22		-366		120		0		246

		23		-332		160		0		172

		24		-248.63470632		160		129		0

								Hybrid								Dsl only				Dsl only

												Fuel				600		900		Fuel

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power		Dsl#1		Dsl #2		Dsl #1Power		Dsl #2 Power		Dsl#1		Dsl #2

		1		-621		312		309		0		126.504		0		0		621		0		228.496

		2		-621.354938568		312		309.354938568		0		126.5913148877		0		0		621.354938568		0		228.5833148877

		3		-599.389308336		312		287.389308336		0		121.1877698507		0		0		599.389308336		0		223.1797698507

		4		-618.920752632		288		330.920752632		0		131.8965051475		0		0		618.920752632		0		227.9845051475

		5		-738		264		474		0		167.094		0		0		738		0		257.278

		6		-783		216		567		0		189.972		0		0		783		0		268.348

		7		-918		216		0		702		0		248.422		400		518		148.89		203.158

		8		-954		144		0		810		0		274.99		400		554		148.89		212.014

		9		-909		120		0		789		0		269.824		400		509		148.89		200.944

		10		-864		96		0		768		0		264.658		400		464		148.89		189.874

		11		-855		72		0		783		0		268.348		400		455		148.89		187.66

		12		-918		24		0		894		0		295.654		400		518		148.89		203.158

		13		-954		0		500		454		173.49		187.414		400		554		148.89		212.014

		14		-1026		0		500		526		173.49		205.126		500		526		173.49		205.126

		15		-1008		0		500		508		173.49		200.698		500		508		173.49		200.698

		16		-1017		0		500		517		173.49		202.912		500		517		173.49		202.912

		17		-1026		0		500		526		173.49		205.126		500		526		173.49		205.126

		18		-1062		0		500		562		173.49		213.982		500		562		173.49		213.982

		19		-1188		0		500		688		173.49		244.978		500		688		173.49		244.978

		20		-1395		0		500		895		173.49		295.9		500		895		173.49		295.9

		21		-1458		96		500		862		173.49		287.782		500		958		173.49		311.398

		22		-1404		144		500		760		173.49		262.69		500		904		173.49		298.114

		23		-1098		192		500		406		173.49		175.606		500		598		173.49		222.838

		24		-996		192		0		804		0		273.514		500		496		173.49		197.746

		0		-22410.664999536		0		Hybrid				2771.6355898859		4377.624						2950.62		5441.5095898858

										Total				7149.2595898859								8392.1295898858

										Difference				1242.87		0.8519005234
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Load, kW

Wind power

Dsl #1Power

Dsl #2 Power

Hour of Day

Power Sinks Power Sources



		Wind/load

																5		2

		Hour		Load, kW		Wind speed, m/s										6		3

		1		6.9		10.4				12						7		4

		2		6.7		10.4				12						7.6		5

		3		6.9		11				13						8.2		6

		4		8.2		10				11						9		8

		5		10.9		9.3				9						9.3		9

		6		10.2		9				8						10		11

		7		6.5		7				4						10.4		12

		8		3.7		6				3						11		13

		9		4.0		5				2

		10		4.2		0

		11		4.8		0

		12		5.2		0

		13		4.9		0

		14		4.3		0

		15		4.1		0

		16		4.5		0

		17		5.5		0

		18		7.1		0

		19		15.5		0

		20		17.2		0

		21		15.6		0

		22		12.2		7				4

		23		11.1		8.2				6

		24		8.3		8.2				6
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		Renewable only system

		Hour		Load		Wind		PV		Battery		Battery in		Battery out

		1		1.1		2.550		0		1.4		1.4		0				0.9

		2		1.1		2.500		0		1.4		1.4		0				0.9

		3		1.1		2.150		0		1.1		1.1		0				0.9

		4		1.3		1.500		0		0.2		0.2		0				1.1

		5		1.7		1.100		0.1		-0.5		-0.5		0.6				1.5

		6		1.6		0.750		0.15		-0.7		-0.7		0.9				1.4

		7		1.0		0.070		0.2		-0.8		0.0		1.0				0.9

		8		0.6		0.000		0.3		-0.3		0		0.6				0.5

		9		0.6		0.000		0.6		-0.0		0		0.6				0.5

		10		0.7		0.000		1		0.3		0		0.7				0.6

		11		0.8		0.000		1.4		0.6		0		0.8				0.7

		12		0.8		0.000		1.6		0.8		0		0.8				0.7

		13		0.8		0.000		1.5		0.7		0		0.8				0.7

		14		0.7		0.000		1.2		0.5		0		0.7				0.6

		15		0.7		0.000		0.9		0.2		0		0.7				0.6

		16		0.7		0.000		0.6		-0.1		0		0.7				0.6

		17		0.9		0.000		0.3		-0.6		0		0.9				0.7

		18		1.1		0.000		0.2		-0.9		0		1.1				1.0

		19		2.5		0.000		0.1		-2.4		0		2.4				2.1

		20		2.7		1.000		0		-1.7		0.0		2.7				2.3

		21		2.5		1.500		0		-1.0		0.0		2.5				2.1

		22		1.9		1.750		0		-0.2		-0.2		0.0				1.7

		23		1.8		1.800		0		0.0		0.0		0.0				1.5

		24		1.3		2.250		0		0.9		0		-0.9				1.1

				30.031064727		18.92		10.15		-0.961064727		2.7		17.4883246237

		Hour		Load		Wind		PV		Battery

		1		-1.100316037		2.55		0		-1.449683963

		2		-1.0614185668		2.5		0		-1.4385814332

		3		-1.0960054995		2.15		0		-1.0539945005

		4		-1.306875		1.5		0		-0.193125

		5		-1.7371875		1.1		0.1		0.5371875

		6		-1.625625		0.75		0.15		0.725625

		7		-1.0359375		0.07		0.2		0.7659375

		8		-0.5905436505		0		0.3		0.2905436505

		9		-0.6324174443		0		0.6		0.0324174443

		10		-0.6761386113		0		1		-0.3238613887

		11		-0.7717914932		0		1.4		-0.6282085068

		12		-0.8229021533		0		1.6		-0.7770978467

		13		-0.777333613		0		1.5		-0.722666387

		14		-0.6869149553		0		1.2		-0.5130850447

		15		-0.6537648686		0		0.9		-0.2462351314

		16		-0.7171913503		0		0.6		0.1171913503

		17		-0.8736022859		0		0.3		0.5736022859

		18		-1.1382898206		0		0.2		0.9382898206

		19		-2.4703125		0		0.1		2.3703125

		20		-2.74125		1		0		1.74125

		21		-2.48625		1.5		0		0.98625

		22		-1.944375		1.75		0		0.194375

		23		-1.76375		1.8		0		-0.03625

		24		-1.3208718773		2.25		0		-0.9291281227

				Load		Wind		PV		Battery		Storage

		1		0		0.17		0		0.170		1.220		58.0952380952

		2		0		0.1666666667		0		0.167		1.387		66.0317460317

		3		0		0.1433333333		0		0.143		1.530		72.8571428571

		4		0.02		0.1		0		0.080		1.610		76.6666666667

		5		0.06		0.0733333333		0.003125		0.016		1.626		77.4503968254

		6		0.08		0.05		0.0046875		-0.025		1.601		76.2450396825

		7		0.06		0.0046666667		0.00625		-0.049		1.552		73.9077380952

		8		0.04		0		0.009375		-0.031		1.521		72.4494047619

		9		0.04		0		0.01875		-0.021		1.500		71.4375

		10		0.04		0		0.03125		-0.009		1.491		71.0208333333

		11		0.06		0		0.04375		-0.016		1.475		70.2470238095

		12		0.08		0		0.05		-0.030		1.445		68.818452381

		13		0.08		0		0.046875		-0.033		1.412		67.2410714286

		14		0.06		0		0.0375		-0.023		1.390		66.1696428571

		15		0.04		0		0.028125		-0.012		1.378		65.6041666667

		16		0.04		0		0.01875		-0.021		1.356		64.5922619048

		17		0.06		0		0.009375		-0.051		1.306		62.181547619

		18		0.1		0		0.00625		-0.094		1.212		57.7172619048

		19		0.16		0		0.003125		-0.157		1.055		50.2470238095

		20		0.16		0.0666666667		0		-0.093		0.962		45.8025793651

		21		0.13		0.1		0		-0.030		0.932		44.3740079365

		22		0.12		0.1166666667		0		-0.003		0.929		44.2152777778

		23		0.04		0.12		0		0.080		1.009		48.0248015873

		24		0		0.15		0		0.150		1.159		55.1676587302

		1		0

		2		0

		3		0

		4		10

		5		30

		6		40

		7		30

		8		20

		9		20

		10		20

		11		30

		12		40

		13		40

		14		30

		15		20

		16		20

		17		30

		18		50

		19		80

		20		80

		21		65

		22		60

		23		20

		24		0





		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Load

Wind

PV

Hour of Day

Power, kW

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Load

Wind

PV

Battery

Hour of Day

Power Sinks   Power Sources

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Wind

Load

Solar

Load

Wind

PV

Hour of the day

Power sources and sinks, kW

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Hour of day

Battery SOC, %

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




_963413963.xls
Chart3

		1

		2

		3

		4

		5

		6

		7

		8

		9

		10

		11

		12

		13

		14

		15

		16

		17

		18

		19

		20

		21

		22

		23

		24



Hour of day

Battery SOC, %

0.6105197188

0.6012203128

0.5928358265

0.5738358265

0.5373358265

0.5023358265

0.4778358265

0.4653089669

0.4494684196

0.4282562279

0.4040431615

0.4782266233

0.5538396864

0.6322894133

0.7085791429

0.7800790221

0.8430718916

0.8513608384

0.7738608384

0.6878608384

0.6098608384

0.5568608384

0.5135275051

0.4840883874



Cyclecharge

		

		Wind/load

								power

		Hour		Load, kW		Wind speed, m/s		1 turb

		1		6.9		10.4		12

		2		6.7		10.4		12

		3		6.9		11		13

		4		8.2		10		11

		5		10.9		9.3		9

		6		10.2		9		8

		7		6.5		7		4

		8		3.7		6		3

		9		4.0		5		2

		10		4.2		0		0

		11		4.8		0		0

		12		5.2		0		0

		13		4.9		0		0

		14		4.3		0		0

		15		4.1		0		0

		16		4.5		0		0

		17		5.5		0		0

		18		7.1		0		0

		19		15.5		0		0

		20		17.2		0		0

		21		15.6		0		0

		22		12.2		7		4

		23		11.1		8.2		6

		24		8.3		8.2		6

												Battery

		Hour		Load		Wind Pow		Diesel power				SOC

		1		8.6		6		0		2.6299297023		61%		97.4

		2		8.3		6		0		2.3248515047		60%		99.7

		3		8.6		6.5		0		2.0961215643		59%		101.8

		4		10.3		5.5		0		4.75		57%		106.5

		5		13.6		4.5		0		9.125		54%		115.7

		6		12.8		4		0		8.75		50%		124.4

		7		8.1		2		0		6.125		48%		130.5

		8		4.6		1.5		0		3.131714906		47%		133.7

		9		5.0		1		0		3.960136818		45%		137.6

		10		5.3		0		0		5.303047932		43%		142.9

		11		6.1		0		0		6.0532666133		40%		149.0

		12		6.5		0		25		-18.5458654647		48%		130.4

		13		6.1		0		25		-18.9032657807		55%		111.5

		14		5.4		0		25		-19.612431723		63%		91.9

		15		5.1		0		24.2		-19.0724324033		71%		72.9

		16		5.6		0		23.5		-17.8749698013		78%		55.0

		17		6.9		0		22.6		-15.7482173653		84%		39.2

		18		8.9		0		11		-2.072236701		85%		37.2

		19		19.4		0		0		19.375		77%		56.5

		20		21.5		0		0		21.5		69%		78.0

		21		19.5		0		0		19.5		61%		97.5

		22		15.3		2		0		13.25		56%		110.8

		23		13.8		3		0		10.8333333333		51%		121.6

		24		10.4		3		0		7.35977943		48%		129.0

				235.5377625647





Cyclecharge

		



Hour of day

Power, kW



Parallel

		



Hour of day

Battery SOC, %



switched

		Parallel system

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		6.9		12		0		5.1		5.1		0

		2		6.7		12		0		5.3		5.3		0

		3		6.9		13		0		6.1		6.1		0

		4		8.2		11		0		2.8		2.8		0

		5		10.9		9		15		13.1		13.1		0

		6		10.2		8		15		12.8		12.8		0

		7		6.5		5		0		-1.5		0.0		1.5

		8		3.7		3		0		-0.7		0		0.7

		9		4.0		2		0		-2.0		0		2.0

		10		4.2		0		0		-4.2		0		4.2

		11		4.8		0		0		-4.8		0		4.8

		12		5.2		0		0		-5.2		0		5.2

		13		4.9		0		0		-4.9		0		4.9

		14		4.3		0		0		-4.3		0		4.3

		15		4.1		0		0		-4.1		0		4.1

		16		4.5		0		0		-4.5		0		4.5

		17		5.5		0		0		-5.5		0		5.5

		18		7.1		0		0		-7.1		0		7.1

		19		15.5		0		15		-0.5		0		0.5

		20		17.2		0		15		-2.2		0.0		2.2

		21		15.6		0		15		-0.6		0.0		0.6

		22		12.2		4		15		6.8		6.8		0.0

		23		11.1		6		15		9.9		9.9		0.0

		24		8.3		6		0		-2.3		0		2.3

				188.4302100517		91		105		7.5697899483		62.0		54.422821168

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		-6.9039437619		12		0		-5.0960562381		5.0960562381		0

		2		-6.6598812037		12		0		-5.3401187963		5.3401187963		0

		3		-6.8768972515		13		0		-6.1231027485		6.1231027485		0

		4		-8.2		11		0		-2.8		2.8		0

		5		-10.9		9		15		-13.1		13.1		0

		6		-10.2		8		15		-12.8		12.8		0

		7		-6.5		5		0		1.5		0		1.5

		8		-3.7053719248		3		0		0.7053719248		0		0.7053719248

		9		-3.9681094544		2		0		1.9681094544		0		1.9681094544

		10		-4.2424383456		0		0		4.2424383456		0		4.2424383456

		11		-4.8426132907		0		0		4.8426132907		0		4.8426132907

		12		-5.1633076283		0		0		5.1633076283		0		5.1633076283

		13		-4.8773873755		0		0		4.8773873755		0		4.8773873755

		14		-4.3100546216		0		0		4.3100546216		0		4.3100546216

		15		-4.1020540773		0		0		4.1020540773		0		4.1020540773

		16		-4.5000241589		0		0		4.5000241589		0		4.5000241589

		17		-5.4814261077		0		0		5.4814261077		0		5.4814261077

		18		-7.1422106392		0		0		7.1422106392		0		7.1422106392

		19		-15.5		0		15		0.5		0		0.5

		20		-17.2		0		15		2.2		0		2.2

		21		-15.6		0		15		0.6		0		0.6

		22		-12.2		4		15		-6.8		6.8		0

		23		-11.0666666667		6		15		-9.9333333333		9.9333333333		0

		24		-8.287823544		6		0		2.287823544		0		2.287823544

		Hour		Load		Wind		Diesel		Battery		Storage

		1		6.9039437619		12		0		5.0960562381		62%

		2		6.6598812037		12		0		5.3401187963		64%

		3		6.8768972515		13		0		6.1231027485		67%

		4		8.2		11		0		2.8		68%

		5		10.9		9		15		13.1		73%

		6		10.2		8		15		12.8		78%

		7		6.5		5		0		-1.5		78%

		8		3.7053719248		3		0		-0.7053719248		77%

		9		3.9681094544		2		0		-1.9681094544		76%

		10		4.2424383456		0		0		-4.2424383456		75%

		11		4.8426132907		0		0		-4.8426132907		73%

		12		5.1633076283		0		0		-5.1633076283		71%

		13		4.8773873755		0		0		-4.8773873755		69%

		14		4.3100546216		0		0		-4.3100546216		67%

		15		4.1020540773		0		0		-4.1020540773		65%

		16		4.5000241589		0		0		-4.5000241589		64%

		17		5.4814261077		0		0		-5.4814261077		61%

		18		7.1422106392		0		0		-7.1422106392		59%

		19		15.5		0		15		-0.5		58%

		20		17.2		0		15		-2.2		57%

		21		15.6		0		15		-0.6		57%

		22		12.2		4		15		6.8		60%

		23		11.0666666667		6		15		9.9333333333		64%

		24		8.287823544		6		0		-2.287823544		63%

				188.4302100517
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windload

		



Wind

Diesel

Load

Hour of day

Power, kW



Renewable only

		



Hour of Day

Battery SOC, %



		Series system

		10 kW inverter

		20 kW Generator

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		6.9		12		0		5.1		5.1		0

		2		6.7		12		0		5.3		5.3		0

		3		6.9		13		0		6.1		6.1		0

		4		8.2		11		0		2.8		2.8		0

		5		10.9		9		11.9		10.0		10.0		1.9				11.9

		6		10.2		8		12.2		10.0		10.0		2.2				12.2

		7		6.5		5		0		-1.5		0.0		1.5

		8		3.7		3		0		-0.7		0		0.7

		9		4.0		2		0		-2.0		0		2.0

		10		4.2		0		0		-4.2		0		4.2

		11		4.8		0		0		-4.8		0		4.8

		12		5.2		0		0		-5.2		0		5.2

		13		4.9		0		0		-4.9		0		4.9

		14		4.3		0		0		-4.3		0		4.3

		15		4.1		0		0		-4.1		0		4.1

		16		4.5		0		0		-4.5		0		4.5

		17		5.5		0		0		-5.5		0		5.5

		18		7.1		0		0		-7.1		0		7.1

		19		15.5		0		25		9.5		9.5		0				25.5

		20		17.2		0		25		7.8		7.8		0				27.2

		21		15.6		0		25		9.4		9.4		0				25.6

		22		12.2		4		18.2		10.0		10.0		0				18.2

		23		11.1		6		15.1		10.0		10.0		0				15.1

		24		8.3		6		0		-2.3		0		2.3

				188.4302100517		91		132.4				86.1		55.222821168

		Series system

		15 kW inverter

		20 kW Generator

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		6.9		12		0		5.1		5.1		0

		2		6.7		12		0		5.3		5.3		0

		3		6.9		13		0		6.1		6.1		0

		4		8.2		11		0		2.8		2.8		0

		5		10.9		9		0		-1.9		0		1.9

		6		10.2		8		0		-2.2		0		2.2

		7		6.5		5		0		-1.5		0		1.5

		8		3.7		3		0		-0.7		0		0.7

		9		4.0		2		0		-2.0		0		2.0

		10		4.2		0		0		-4.2		0		4.2

		11		4.8		0		0		-4.8		0		4.8

		12		5.2		0		0		-5.2		0		5.2

		13		4.9		0		0		-4.9		0		4.9

		14		4.3		0		0		-4.3		0		4.3

		15		4.1		0		0		-4.1		0		4.1

		16		4.5		0		0		-4.5		0		4.5

		17		5.5		0		0		-5.5		0		5.5

		18		7.1		0		0		-7.1		0		7.1

		19		15.5		0		25		9.5		9.5		0

		20		17.2		0		25		7.8		7.8		0

		21		15.6		0		25		9.4		9.4		0

		22		12.2		4		25		16.8		16.8		0.0

		23		11.1		6		0		-5.1		0.0		5.1

		24		8.3		6		0		-2.3		0		2.3

				188.4302100517		91		100		2.5697899483		62.9		60.2894878347

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		-6.9039437619		12		0		-5.0960562381		5.0960562381		0

		2		-6.6598812037		12		0		-5.3401187963		5.3401187963		0

		3		-6.8768972515		13		0		-6.1231027485		6.1231027485		0

		4		-8.2		11		0		-2.8		2.8		0

		5		-10.9		9		0		1.9		0		1.9

		6		-10.2		8		0		2.2		0		2.2

		7		-6.5		5		0		1.5		0		1.5

		8		-3.7053719248		3		0		0.7053719248		0		0.7053719248

		9		-3.9681094544		2		0		1.9681094544		0		1.9681094544

		10		-4.2424383456		0		0		4.2424383456		0		4.2424383456

		11		-4.8426132907		0		0		4.8426132907		0		4.8426132907

		12		-5.1633076283		0		0		5.1633076283		0		5.1633076283

		13		-4.8773873755		0		0		4.8773873755		0		4.8773873755

		14		-4.3100546216		0		0		4.3100546216		0		4.3100546216

		15		-4.1020540773		0		0		4.1020540773		0		4.1020540773

		16		-4.5000241589		0		0		4.5000241589		0		4.5000241589

		17		-5.4814261077		0		0		5.4814261077		0		5.4814261077

		18		-7.1422106392		0		0		7.1422106392		0		7.1422106392

		19		-15.5		0		25		-9.5		9.5		0

		20		-17.2		0		25		-7.8		7.8		0

		21		-15.6		0		25		-9.4		9.4		0

		22		-12.2		4		25		-16.8		16.8		0

		23		-11.0666666667		6		0		5.0666666667		0		5.0666666667

		24		-8.287823544		6		0		2.287823544		0		2.287823544

		Hour		Load		Wind		Diesel		Battery		Storage

		1		6.9039437619		12		0		5.0960562381		42%

		2		6.6598812037		12		0		5.3401187963		44%

		3		6.8768972515		13		0		6.1231027485		47%

		4		8.2		11		0		2.8		48%

		5		10.9		9		0		-1.9		47%

		6		10.2		8		0		-2.2		46%

		7		6.5		5		0		-1.5		46%

		8		3.7053719248		3		0		-0.7053719248		45%

		9		3.9681094544		2		0		-1.9681094544		44%

		10		4.2424383456		0		0		-4.2424383456		43%

		11		4.8426132907		0		0		-4.8426132907		41%

		12		5.1633076283		0		0		-5.1633076283		39%

		13		4.8773873755		0		0		-4.8773873755		37%

		14		4.3100546216		0		0		-4.3100546216		35%

		15		4.1020540773		0		0		-4.1020540773		33%

		16		4.5000241589		0		0		-4.5000241589		32%

		17		5.4814261077		0		0		-5.4814261077		29%

		18		7.1422106392		0		0		-7.1422106392		27%

		19		15.5		0		25		9.5		30%

		20		17.2		0		25		7.8		33%

		21		15.6		0		25		9.4		37%

		22		12.2		4		25		16.8		44%

		23		11.0666666667		6		0		-5.0666666667		42%

		24		8.287823544		6		0		-2.287823544		41%
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Load

Hour of day

Power, kW



		1
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		9
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		12

		13

		14
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		16
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		21

		22

		23

		24



c

Hour of Day

Battery SOC, %



		Wind		Wind		Wind power		Wind power		Load		Power from Battery		Diesel power						Wind power		Load		Power from Battery		Diesel power

		7.92		7.92		5.74362832		114.8725664		87.5		-27.3725664		0						114.8725664		-87.5		-27.3725664		0

		7.88		7.88		5.66807072		113.3614144		90		-23.3614144		0						113.3614144		-90		-23.3614144		0

		8.11		8.11		6.11143298		122.2286596		91		-31.2286596		0						122.2286596		-91		-31.2286596		0

		7.49		7.49		4.96556138		99.3112276		93		-6.3112276		0						99.3112276		-93		-6.3112276		0

		8.52		8.52		6.95525152		139.1050304		93		-46.1050304		0						139.1050304		-93		-46.1050304		0

		8.85		8.85		7.6841905		153.68381		92		-61.68381		0						153.68381		-92		-61.68381		0

		9.36		9.36		8.89804048		177.9608096		93		-84.9608096		0						177.9608096		-93		-84.9608096		0

		10.29		10.29		11.38446058		227.6892116		94		-133.6892116		0						227.6892116		-94		-133.6892116		0

		10.01		10.01		10.59876938		211.9753876		93.5		-118.4753876		0						211.9753876		-93.5		-118.4753876		0

		10.51		10.51		12.02420738		240.4841476		94.5		-145.9841476		0						240.4841476		-94.5		-145.9841476		0

		11.52		10.5		11.9947		239.894		95		-144.894		0						239.894		-95		-144.894		0

		11.38		10.56		12.17235568		243.4471136		96		-147.4471136		0						243.4471136		-96		-147.4471136		0

		12.06		10.2		11.128432		222.56864		96.5		-126.06864		0						222.56864		-96.5		-126.06864		0

		10.1		10.1		10.847828		216.95656		91		-125.95656		0						216.95656		-91		-125.95656		0

		8.76		8.76		7.48098688		149.6197376		92.5		-57.1197376		0						149.6197376		-92.5		-57.1197376		0

		8.29		8.29		6.47345258		129.4690516		94.5		-34.9690516		0						129.4690516		-94.5		-34.9690516		0

		8.36		8.36		6.61780448		132.3560896		89		-43.3560896		0						132.3560896		-89		-43.3560896		0

		8.63		8.63		7.19329922		143.8659844		88		-55.8659844		0						143.8659844		-88		-55.8659844		0

		7.83		7.83		5.57454082		111.4908164		93		-18.4908164		0						111.4908164		-93		-18.4908164		0

		7.27		7.27		4.59662402		91.9324804		94.5		2.5675196		0		1				91.9324804		-94.5		2.5675196		0

		8.32		8.32		6.53507312		130.7014624		95		-35.7014624		0						130.7014624		-95		-35.7014624		0

		8.95		8.95		7.9138445		158.27689		99		-59.27689		0						158.27689		-99		-59.27689		0

		8.75		8.75		7.4586125		149.17225		98		-51.17225		0						149.17225		-98		-51.17225		0

		8.49		8.49		6.89118538		137.8237076		98		-39.8237076		0						137.8237076		-98		-39.8237076		0

		8.35		8.35		6.5970605		131.94121		96.5		-35.44121		0						131.94121		-96.5		-35.44121		0

		7.25		7.25		4.5640625		91.28125		99.5		8.21875		0		1				91.28125		-99.5		8.21875		0

		9.8		9.8		10.030472		200.60944		102.5		-98.10944		0						200.60944		-102.5		-98.10944		0

		8.35		8.35		6.5970605		131.94121		104		-27.94121		0						131.94121		-104		-27.94121		0

		8.27		8.27		6.43257602		128.6515204		104.5		-24.1515204		0						128.6515204		-104.5		-24.1515204		0

		8.38		8.38		6.65941472		133.1882944		104		-29.1882944		0						133.1882944		-104		-29.1882944		0

		7.5		7.5		4.9828		99.656		104.5		4.844		0		1				99.656		-104.5		4.844		0

		8.22		8.22		6.33109792		126.6219584		105		-21.6219584		0						126.6219584		-105		-21.6219584		0

		8.22		8.22		6.33109792		126.6219584		107.5		-19.1219584		0						126.6219584		-107.5		-19.1219584		0

		8.87		8.87		7.72979522		154.5959044		109		-45.5959044		0						154.5959044		-109		-45.5959044		0

		8.55		8.55		7.0196845		140.39369		109		-31.39369		0						140.39369		-109		-31.39369		0

		8.03		8.03		5.95477442		119.0954884		112.5		-6.5954884		0						119.0954884		-112.5		-6.5954884		0

		10.6		10.05		10.7090545		214.18109		113		-101.18109		0						214.18109		-113		-101.18109		0

		8.33		8.33		6.55569482		131.1138964		114		-17.1138964		0						131.1138964		-114		-17.1138964		0

		6.476		6.476		3.4291781888		68.583563776		114.5		45.916436224		0		1				68.583563776		-114.5		45.916436224		0

		6.546		6.546		3.5217730408		70.435460816		117		46.564539184		0		2				70.435460816		-117		46.564539184		0

		7.05		7.05		4.2474145		84.94829		118		33.05171		0		3				84.94829		-118		33.05171		0

		7.83		7.83		5.57454082		111.4908164		117.5		6.0091836		0		4				111.4908164		-117.5		6.0091836		0

		8.07		8.07		6.03277762		120.6555524		117		-3.6555524		0						120.6555524		-117		-3.6555524		0

		5.634		5.634		2.4718932328		49.437864656		115		65.562135344		0		1				49.437864656		-115		65.562135344		0

		6.872		6.872		3.9793102592		79.586205184		115.5		35.913794816		0		2				79.586205184		-115.5		35.913794816		0

		6.434		6.434		3.3745799528		67.491599056		114.5		47.008400944		0		3				67.491599056		-114.5		47.008400944		0

		6.46		6.46		3.40829408		68.1658816		114		45.8341184		0		4				68.1658816		-114		45.8341184		0

		6.394		6.394		3.3232500968		66.465001936		112.5		46.034998064		0		5				66.465001936		-112.5		46.034998064		0

		6.178		6.178		3.0573381992		61.146763984		115		53.853236016		0		6				61.146763984		-115		53.853236016		0

		5.642		5.642		2.4796288232		49.592576464		115.5		65.907423536		0		7				49.592576464		-115.5		65.907423536		0

		5.479		5.479		2.3271651758		46.543303516		114		67.456696484		67.456696484		8				46.543303516		-114		-20		87.456696484

		5.759		5.759		2.5957424078		51.914848156		113		61.085151844		61.085151844		9				51.914848156		-113		-20		81.085151844

		5.008		5.008		1.9474682432		38.949364864		112		73.050635136		73.050635136		10				38.949364864		-112		-20		93.050635136

		5.969		5.969		2.8181463518		56.362927036		110.5		54.137072964		54.137072964		11				56.362927036		-110.5		-20		74.137072964

		6.879		6.879		3.9896097358		79.792194716		109.5		29.707805284		29.707805284		12				79.792194716		-109.5		-20		49.707805284

		6.359		6.359		3.2788714478		65.577428956		105		39.422571044		39.422571044		13				65.577428956		-105		-20		59.422571044

		5.87		5.87		2.71105922		54.2211844		105		50.7788156		50.7788156		14				54.2211844		-105		-20		70.7788156

		6.259		6.259		3.1548266078		63.096532156		107.5		44.403467844		44.403467844		15				63.096532156		-107.5		-20		64.403467844

		5.9		5.9		2.743088		54.86176		107		52.13824		52.13824		16				54.86176		-107		-20		72.13824

		5.526		5.526		2.3700159688		47.400319376		112		64.599680624		64.599680624		17				47.400319376		-112		-20		84.599680624

		5.281		5.281		2.1565311518		43.130623036		111.5		68.369376964		68.369376964		18				43.130623036		-111.5		-20		88.369376964

		5.435		5.435		2.287865555		45.7573111		111.5		65.7426889		65.7426889		19				45.7573111		-111.5		-20		85.7426889

		5.558		5.558		2.3997061832		47.994123664		112.5		64.505876336		64.505876336		20				47.994123664		-112.5		-20		84.505876336

		5.747		6.747		3.7987537342		75.975074684		112		36.024925316		36.024925316		21				75.975074684		-112		-20		56.024925316

		7.17		8.37		6.63858922		132.7717844		114		-18.7717844		10						132.7717844		-114		-38.7717844		20

		7.27		8.47		6.84867842		136.9735684		115		-21.9735684		10						136.9735684		-115		-41.9735684		20

		7.44		8.64		7.21518448		144.3036896		115		-29.3036896		10						144.3036896		-115		-49.3036896		20

		7.49		8.69		7.32522218		146.5044436		117.5		-29.0044436		10						146.5044436		-117.5		-49.0044436		20

		7.5		8.7		7.347352		146.94704		119		-27.94704		10						146.94704		-119		-47.94704		20

		7.45		8.65		7.2371105		144.74221		119.5		-25.24221		0						144.74221		-119.5		-25.24221		0

		7.45		8.65		7.2371105		144.74221		117		-27.74221		0						144.74221		-117		-27.74221		0

		6.55		6.55		3.5271245		70.54249		111.5		40.95751		0		1				70.54249		-111.5		40.95751		0

		6.568		6.568		3.5512867712		71.025735424		110.5		39.474264576		0		2				71.025735424		-110.5		39.474264576		0

		5.963		5.963		2.8115425022		56.230850044		109		52.769149956		0		3				56.230850044		-109		52.769149956		0

		5.989		5.989		2.8402651598		56.805303196		107.5		50.694696804		0		4				56.805303196		-107.5		50.694696804		0

		6.813		6.813		3.8932939822		77.865879644		106		28.134120356		0		5				77.865879644		-106		28.134120356		0

		6.275		6.275		3.174399875		63.4879975		102		38.5120025		0		6				63.4879975		-102		38.5120025		0

		6.584		6.584		3.5728752128		71.457504256		101.5		30.042495744		0		7				71.457504256		-101.5		30.042495744		0

		6.704		6.704		3.7381145408		74.762290816		96		21.237709184		21.237709184		8				74.762290816		-96		-20		41.237709184

		7.19		7.19		4.46735618		89.3471236		90		0.6528764		10		9				89.3471236		-90		-20		20.6528764

		6.858		6.858		3.9587712232		79.175424464		89.5		10.324575536		10.324575536		10				79.175424464		-89.5		-20		30.324575536

		6.631		6.631		3.6368947118		72.737894236		89		16.262105764		16.262105764		11				72.737894236		-89		-20		36.262105764

		6.854		6.854		3.9529176008		79.058352016		88.5		9.441647984		10		12				79.058352016		-88.5		-20		29.441647984

		6.688		6.688		3.7157435072		74.314870144		90		15.685129856		15.685129856		13				74.314870144		-90		-20		35.685129856

		6.892		6.892		4.0087903232		80.175806464		90		9.824193536		10		14				80.175806464		-90		-20		29.824193536

		6.536		6.536		3.5084229248		70.168458496		87.5		17.331541504		17.331541504		15				70.168458496		-87.5		-20		37.331541504

		6.482		6.482		3.4370366312		68.740732624		87.5		18.759267376		18.759267376		16				68.740732624		-87.5		-20		38.759267376

		7.01		7.01		4.18604138		83.7208276		87		3.2791724		10		17				83.7208276		-87		-20		23.2791724

		6.995		6.995		4.163194595		83.2638919		86.5		3.2361081		10		18				83.2638919		-86.5		-20		23.2361081

		7.55		7.55		5.0696045		101.39209		86		-15.39209		10						101.39209		-86		-35.39209		20

		6.71		8.25		6.3918625		127.83725		85.5		-42.33725		10						127.83725		-85.5		-62.33725		20

		7.57		7.57		5.10461162		102.0922324		85		-17.0922324		10						102.0922324		-85		-37.0922324		20

		7.28		7.28		4.61296592		92.2593184		84.5		-7.7593184		10						92.2593184		-84.5		-27.7593184		20

		7.03		7.03		4.21664642		84.3329284		84		-0.3329284		10						84.3329284		-84		-20.3329284		20

		6.487		6.487		3.4435965422		68.871930844		83.5		14.628069156		0		1				68.871930844		-83.5		14.628069156		0

		6.486		6.486		3.4422837448		68.845674896		89		20.154325104		0		2				68.845674896		-89		20.154325104		0

		5.676		5.676		2.5127961088		50.255922176		90		39.744077824		0		3				50.255922176		-90		39.744077824		0

		6.973		6.973		4.1298518702		82.597037404		92.5		9.902962596		0		4				82.597037404		-92.5		9.902962596		0

		6.324		7.4		4.812248		96.24496		93		-3.24496		0						96.24496		-93		-3.24496		0

		6.952		7.8		5.518912		110.37824		94.5		-15.87824		0						110.37824		-94.5		-15.87824		0

		6.93		8.1		6.091708		121.83416		91.5		-30.33416		0						121.83416		-91.5		-30.33416		0

		7.22		8.2		6.290792		125.81584		88.5		-37.31584		0						125.81584		-88.5		-37.31584		0

		6.564		8.4		6.701188		134.02376		87		-47.02376		0						134.02376		-87		-47.02376		0

		7.41		7.6		5.157428		103.14856		89		-14.14856		0						103.14856		-89		-14.14856		0

		7.13		7.3		4.645772		92.91544		87.5		-5.41544		0						92.91544		-87.5		-5.41544		0

		6.037		7.1		4.325048		86.50096		90		3.49904		0		1				86.50096		-90		3.49904		0

		7.04		7.04		4.23201008		84.6402016		90		5.3597984		0		2				84.6402016		-90		5.3597984		0

		7.18		7.18		4.45138112		89.0276224		91		1.9723776		0		3				89.0276224		-91		1.9723776		0

		7.87		7.87		5.64928322		112.9856644		93		-19.9856644		0						112.9856644		-93		-19.9856644		0

		7.25		7.25		4.5640625		91.28125		93		1.71875		0		1				91.28125		-93		1.71875		0

		8		8		5.8967		117.934		95		-22.934		0						117.934		-95		-22.934		0

		8.14		8.14		6.17085248		123.4170496		95		-28.4170496		0						123.4170496		-95		-28.4170496		0

		7.35		7.35		4.7285005		94.57001		99		4.42999		0		1				94.57001		-99		4.42999		0

		7.47		7.47		4.93120642		98.6241284		94.5		-4.1241284		0						98.6241284		-94.5		-4.1241284		0

		7.57		7.57		5.10461162		102.0922324		99.5		-2.5922324		0						102.0922324		-99.5		-2.5922324		0

		8.47		8.47		6.84867842		136.9735684		102.5		-34.4735684		0						136.9735684		-102.5		-34.4735684		0

		8.7		8.7		7.347352		146.94704		102.5		-44.44704		0						146.94704		-102.5		-44.44704		0

		8.45		8.45		6.8063345		136.12669		104.5		-31.62669		0						136.12669		-104.5		-31.62669		0

		9.3		9.3		8.749732		174.99464		105		-69.99464		0						174.99464		-105		-69.99464		0

		9.25		9.25		8.6272625		172.54525		107.5		-65.04525		0						172.54525		-107.5		-65.04525		0

		9.01		9.01		8.05359338		161.0718676		109		-52.0718676		0						161.0718676		-109		-52.0718676		0

		8.96		8.96		7.93703408		158.7406816		108		-50.7406816		0						158.7406816		-108		-50.7406816		0

		9.4		9.4		8.997728		179.95456		104.5		-75.45456		0						179.95456		-104.5		-75.45456		0

		9.14		9.14		8.36141648		167.2283296		102		-65.2283296		0						167.2283296		-102		-65.2283296		0

		9		9		8.0302		160.604		103		-57.604		0						160.604		-103		-57.604		0

		7.7		7.7		5.336132		106.72264		103.5		-3.22264		0						106.72264		-103.5		-3.22264		0

		9.06		9.06		8.17117168		163.4234336		105		-58.4234336		0						163.4234336		-105		-58.4234336		0

		8.84		8.84		7.66144928		153.2289856		105.5		-47.7289856		0						153.2289856		-105.5		-47.7289856		0

		7.13		7.13		4.37211722		87.4423444		106		18.5576556		0		1				87.4423444		-106		18.5576556		0

		6.079		6.079		2.9418174158		58.836348316		106.5		47.663651684		0		2				58.836348316		-106.5		47.663651684		0

		5.716		5.716		2.5524196928		51.048393856		107		55.951606144		0		3				51.048393856		-107		55.951606144		0

		6.188		6.188		3.0692291072		61.384582144		107.5		46.115417856		0		4				61.384582144		-107.5		46.115417856		0

		6.549		6.549		3.5257860238		70.515720476		108		37.484279524		0		5				70.515720476		-108		37.484279524		0

		4.975		4.975		1.924254875		38.4850975		108.5		70.0149025		0		6				38.4850975		-108.5		70.0149025		0

		3.572		3.572		1.3479324992		26.958649984		109		82.041350016		0		7				26.958649984		-109		82.041350016		0

		3.724		3.724		1.3716178688		27.432357376		109.5		82.067642624		82.067642624		8				27.432357376		-109.5		-20		102.067642624

		4.262		4.262		1.5311062472		30.622124944		110		79.377875056		79.377875056		9				30.622124944		-110		-20		99.377875056

		4.598		4.598		1.6905610952		33.811221904		109		75.188778096		75.188778096		10				33.811221904		-109		-20		95.188778096

		5.058		5.058		1.9834857832		39.669715664		108		68.330284336		68.330284336		11				39.669715664		-108		-20		88.330284336

		5.174		5.174		2.0709708488		41.419416976		107		65.580583024		65.580583024		12				41.419416976		-107		-20		85.580583024

		5.611		5.611		2.4497987198		48.995974396		106		57.004025604		57.004025604		13				48.995974396		-106		-20		77.004025604

		4.27		4.27		1.53436802		30.6873604		105		74.3126396		74.3126396		14				30.6873604		-105		-20		94.3126396

		4.132		4.132		1.4817586112		29.635172224		104		74.364827776		74.364827776		15				29.635172224		-104		-20		94.364827776

		4.254		4.254		1.5278705608		30.557411216		103		72.442588784		72.442588784		16				30.557411216		-103		-20		92.442588784

		4.903		4.903		1.8751482542		37.502965084		102		64.497034916		64.497034916		17				37.502965084		-102		-20		84.497034916

		4.734		4.734		1.7681846728		35.363693456		101		65.636306544		65.636306544		18				35.363693456		-101		-20		85.636306544

		5.067		5.067		1.9900771582		39.801543164		100		60.198456836		60.198456836						39.801543164		-100		-20		80.198456836

		4.442		4.442		1.6108057832		32.216115664		99		66.783884336		66.783884336						32.216115664		-99		-20		86.783884336

		4.645		4.645		1.716534395		34.3306879		98		63.6693121		63.6693121						34.3306879		-98		-20		83.6693121

		4.939		4.939		1.8994374398		37.988748796		97		59.011251204		59.011251204						37.988748796		-97		-20		79.011251204

		4.812		4.812		1.8161059072		36.322118144		96		59.677881856		59.677881856						36.322118144		-96		-20		79.677881856

		4.415		4.415		1.598008955		31.9601791		95		63.0398209		63.0398209						31.9601791		-95		-20		83.0398209

		4.434		4.434		1.6069831528		32.139663056		96		63.860336944		63.860336944						32.139663056		-96		-20		83.860336944

		4.96		4.96		1.91385008		38.2770016		97.5		59.2229984		59.2229984						38.2770016		-97.5		-20		79.2229984

		4.964		4.964		1.9166157248		38.332314496		97.5		59.167685504		59.167685504						38.332314496		-97.5		-20		79.167685504

		5.005		5.005		1.945339595		38.9067919		98		59.0932081		59.0932081						38.9067919		-98		-20		79.0932081

		5.039		5.039		1.9696790798		39.393581596		99		59.606418404		59.606418404						39.393581596		-99		-20		79.606418404

		5.122		5.122		2.0310751592		40.621503184		99		58.378496816		58.378496816						40.621503184		-99		-20		78.378496816

		5.266		5.266		2.1442554728		42.885109456		97.5		54.614890544		54.614890544						42.885109456		-97.5		-20		74.614890544

		5.801		5.801		2.6387851838		52.775703676		97.5		44.724296324		44.724296324						52.775703676		-97.5		-20		64.724296324

		6.302		6.302		3.2076663752		64.153327504		98		33.846672496		33.846672496						64.153327504		-98		-20		53.846672496

		6.024		6.024		2.8793653888		57.587307776		97		39.412692224		39.412692224						57.587307776		-97		-20		59.412692224

		5.848		5.848		2.6878045952		53.756091904		97		43.243908096		43.243908096						53.756091904		-97		-20		63.243908096

		5.948		5.948		2.7950970752		55.901941504		96.5		40.598058496		40.598058496						55.901941504		-96.5		-20		60.598058496

		6.102		6.102		2.9682993352		59.365986704		96.5		37.134013296		37.134013296						59.365986704		-96.5		-20		57.134013296

		5.787		5.787		2.6243577022		52.487154044		99		46.512845956		46.512845956						52.487154044		-99		-20		66.512845956

		6.539		6.539		3.5124236798		70.248473596		99		28.751526404		28.751526404						70.248473596		-99		0		28.751526404

		7.25		7.25		4.5640625		91.28125		102		10.71875		10.71875						91.28125		-102		0		10.71875

		6.518		6.518		3.4844954312		69.689908624		102		32.310091376		32.310091376						69.689908624		-102		0		32.310091376

		6.554		6.554		3.5324824808		70.649649616		104		33.350350384		33.350350384						70.649649616		-104		0		33.350350384

		5.533		5.533		2.3764750382		47.529500764		104.5		56.970499236		56.970499236						47.529500764		-104.5		0		56.970499236

		6.412		6.412		3.3462678272		66.925356544		104		37.074643456		37.074643456						66.925356544		-104		0		37.074643456

		6.235		6.235		3.125662355		62.5132471		104		41.4867529		41.4867529						62.5132471		-104		0		41.4867529

		5.855		5.855		2.695182395		53.9036479		107.5		53.5963521		53.5963521						53.9036479		-107.5		0		53.5963521

		4.876		4.876		1.8572780288		37.145560576		112.5		75.354439424		75.354439424						37.145560576		-112.5		0		75.354439424

		5.573		5.573		2.4137671502		48.275343004		112.5		64.224656996		64.224656996						48.275343004		-112.5		0		64.224656996

		5.468		5.468		2.3172662912		46.345325824		110		63.654674176		63.654674176						46.345325824		-110		0		63.654674176

		5.777		5.777		2.6141012702		52.282025404		109.5		57.217974596		57.217974596						52.282025404		-109.5		0		57.217974596

		6.553		6.553		3.5311423742		70.622847484		109.5		38.877152516		38.877152516						70.622847484		-109.5		0		38.877152516

		6.645		6.645		3.656138395		73.1227679		106.5		33.3772321		33.3772321						73.1227679		-106.5		0		33.3772321

		6.257		6.257		3.1523872862		63.047745724		108		44.952254276		44.952254276						63.047745724		-108		0		44.952254276

		6.041		6.041		2.8985370878		57.970741756		109		51.029258244		51.029258244						57.970741756		-109		0		51.029258244

		5.723		5.723		2.5594208702		51.188417404		111.5		60.311582596		60.311582596						51.188417404		-111.5		0		60.311582596

		4.839		4.839		1.8332717998		36.665435996		115		78.334564004		78.334564004						36.665435996		-115		0		78.334564004

		5.102		5.102		2.0160241352		40.320482704		115		74.679517296		74.679517296						40.320482704		-115		0		74.679517296

		4.627		4.627		1.7064807902		34.129615804		112.5		78.370384196		78.370384196						34.129615804		-112.5		0		78.370384196

		4.758		4.758		1.7826655432		35.653310864		111.5		75.846689136		75.846689136						35.653310864		-111.5		0		75.846689136

		4.644		4.644		1.7159723968		34.319447936		111.5		77.180552064		77.180552064						34.319447936		-111.5		0		77.180552064

		4.844		4.844		1.8364832768		36.729665536		111.5		74.770334464		74.770334464						36.729665536		-111.5		0		74.770334464

		4.692		4.692		1.7434080832		34.868161664		107.5		72.631838336		72.631838336						34.868161664		-107.5		0		72.631838336

		3.775		3.775		1.381674875		27.6334975		107		79.3665025		79.3665025						27.6334975		-107		0		79.3665025

		3.822		3.822		1.3918817992		27.837635984		106.5		78.662364016		78.662364016						27.837635984		-106.5		0		78.662364016

		3.763		3.763		1.3792131422		27.584262844		106		78.415737156		78.415737156						27.584262844		-106		0		78.415737156

		4.1		4.1		1.470668		29.41336		105.5		76.08664		76.08664						29.41336		-105.5		0		76.08664

		3.916		3.916		1.4149968128		28.299936256		105		76.700063744		76.700063744						28.299936256		-105		0		76.700063744

		3.571		3.571		1.3478078558		26.956157116		104.5		77.543842884		77.543842884						26.956157116		-104.5		0		77.543842884

		4.185		4.185		1.501045555		30.0209111		104		73.9790889		73.9790889						30.0209111		-104		0		73.9790889

		2.928		2.928		1.3520540992		27.041081984		103		75.958918016		75.958918016						27.041081984		-103		0		75.958918016

		3.224		3.224		1.3291666688		26.583333376		102		75.416666624		75.416666624						26.583333376		-102		0		75.416666624

		3.198		3.198		1.3297463752		26.594927504		101		74.405072496		74.405072496						26.594927504		-101		0		74.405072496





		114.8725664		87.5		-27.3725664		0

		113.3614144		90		-23.3614144		0

		122.2286596		91		-31.2286596		0

		99.3112276		93		-6.3112276		0

		139.1050304		93		-46.1050304		0

		153.68381		92		-61.68381		0

		177.9608096		93		-84.9608096		0

		227.6892116		94		-133.6892116		0

		211.9753876		93.5		-118.4753876		0

		240.4841476		94.5		-145.9841476		0

		239.894		95		-144.894		0

		243.4471136		96		-147.4471136		0

		222.56864		96.5		-126.06864		0

		216.95656		91		-125.95656		0

		149.6197376		92.5		-57.1197376		0

		129.4690516		94.5		-34.9690516		0

		132.3560896		89		-43.3560896		0

		143.8659844		88		-55.8659844		0

		111.4908164		93		-18.4908164		0

		91.9324804		94.5		2.5675196		0

		130.7014624		95		-35.7014624		0

		158.27689		99		-59.27689		0

		149.17225		98		-51.17225		0

		137.8237076		98		-39.8237076		0

		131.94121		96.5		-35.44121		0

		91.28125		99.5		8.21875		0

		200.60944		102.5		-98.10944		0

		131.94121		104		-27.94121		0

		128.6515204		104.5		-24.1515204		0

		133.1882944		104		-29.1882944		0

		99.656		104.5		4.844		0

		126.6219584		105		-21.6219584		0

		126.6219584		107.5		-19.1219584		0

		154.5959044		109		-45.5959044		0

		140.39369		109		-31.39369		0

		119.0954884		112.5		-6.5954884		0

		214.18109		113		-101.18109		0

		131.1138964		114		-17.1138964		0

		68.583563776		114.5		45.916436224		0

		70.435460816		117		46.564539184		0

		84.94829		118		33.05171		0

		111.4908164		117.5		6.0091836		0

		120.6555524		117		-3.6555524		0

		49.437864656		115		65.562135344		0

		79.586205184		115.5		35.913794816		0

		67.491599056		114.5		47.008400944		0

		68.1658816		114		45.8341184		0

		66.465001936		112.5		46.034998064		0

		61.146763984		115		53.853236016		0

		49.592576464		115.5		65.907423536		0

		46.543303516		114		67.456696484		67.456696484

		51.914848156		113		61.085151844		61.085151844

		38.949364864		112		73.050635136		73.050635136

		56.362927036		110.5		54.137072964		54.137072964

		79.792194716		109.5		29.707805284		29.707805284

		65.577428956		105		39.422571044		39.422571044

		54.2211844		105		50.7788156		50.7788156

		63.096532156		107.5		44.403467844		44.403467844

		54.86176		107		52.13824		52.13824

		47.400319376		112		64.599680624		64.599680624

		43.130623036		111.5		68.369376964		68.369376964

		45.7573111		111.5		65.7426889		65.7426889

		47.994123664		112.5		64.505876336		64.505876336

		75.975074684		112		36.024925316		36.024925316

		132.7717844		114		-18.7717844		10

		136.9735684		115		-21.9735684		10

		144.3036896		115		-29.3036896		10

		146.5044436		117.5		-29.0044436		10

		146.94704		119		-27.94704		10

		144.74221		119.5		-25.24221		0

		144.74221		117		-27.74221		0

		70.54249		111.5		40.95751		0

		71.025735424		110.5		39.474264576		0

		56.230850044		109		52.769149956		0

		56.805303196		107.5		50.694696804		0

		77.865879644		106		28.134120356		0

		63.4879975		102		38.5120025		0

		71.457504256		101.5		30.042495744		0

		74.762290816		96		21.237709184		21.237709184

		89.3471236		90		0.6528764		10

		79.175424464		89.5		10.324575536		10.324575536

		72.737894236		89		16.262105764		16.262105764

		79.058352016		88.5		9.441647984		10

		74.314870144		90		15.685129856		15.685129856

		80.175806464		90		9.824193536		10

		70.168458496		87.5		17.331541504		17.331541504

		68.740732624		87.5		18.759267376		18.759267376

		83.7208276		87		3.2791724		10

		83.2638919		86.5		3.2361081		10

		101.39209		86		-15.39209		10

		127.83725		85.5		-42.33725		10

		102.0922324		85		-17.0922324		10

		92.2593184		84.5		-7.7593184		10

		84.3329284		84		-0.3329284		10

		68.871930844		83.5		14.628069156		0

		68.845674896		89		20.154325104		0

		50.255922176		90		39.744077824		0

		82.597037404		92.5		9.902962596		0

		96.24496		93		-3.24496		0

		110.37824		94.5		-15.87824		0

		121.83416		91.5		-30.33416		0

		125.81584		88.5		-37.31584		0

		134.02376		87		-47.02376		0

		103.14856		89		-14.14856		0

		92.91544		87.5		-5.41544		0

		86.50096		90		3.49904		0

		84.6402016		90		5.3597984		0

		89.0276224		91		1.9723776		0

		112.9856644		93		-19.9856644		0

		91.28125		93		1.71875		0

		117.934		95		-22.934		0

		123.4170496		95		-28.4170496		0

		94.57001		99		4.42999		0

		98.6241284		94.5		-4.1241284		0

		102.0922324		99.5		-2.5922324		0

		136.9735684		102.5		-34.4735684		0

		146.94704		102.5		-44.44704		0

		136.12669		104.5		-31.62669		0

		174.99464		105		-69.99464		0

		172.54525		107.5		-65.04525		0

		161.0718676		109		-52.0718676		0

		158.7406816		108		-50.7406816		0

		179.95456		104.5		-75.45456		0

		167.2283296		102		-65.2283296		0

		160.604		103		-57.604		0

		106.72264		103.5		-3.22264		0

		163.4234336		105		-58.4234336		0

		153.2289856		105.5		-47.7289856		0

		87.4423444		106		18.5576556		0

		58.836348316		106.5		47.663651684		0

		51.048393856		107		55.951606144		0

		61.384582144		107.5		46.115417856		0

		70.515720476		108		37.484279524		0

		38.4850975		108.5		70.0149025		0

		26.958649984		109		82.041350016		0

		27.432357376		109.5		82.067642624		82.067642624

		30.622124944		110		79.377875056		79.377875056

		33.811221904		109		75.188778096		75.188778096

		39.669715664		108		68.330284336		68.330284336

		41.419416976		107		65.580583024		65.580583024

		48.995974396		106		57.004025604		57.004025604

		30.6873604		105		74.3126396		74.3126396

		29.635172224		104		74.364827776		74.364827776

		30.557411216		103		72.442588784		72.442588784

		37.502965084		102		64.497034916		64.497034916

		35.363693456		101		65.636306544		65.636306544

		39.801543164		100		60.198456836		60.198456836

		32.216115664		99		66.783884336		66.783884336

		34.3306879		98		63.6693121		63.6693121

		37.988748796		97		59.011251204		59.011251204

		36.322118144		96		59.677881856		59.677881856

		31.9601791		95		63.0398209		63.0398209

		32.139663056		96		63.860336944		63.860336944

		38.2770016		97.5		59.2229984		59.2229984

		38.332314496		97.5		59.167685504		59.167685504

		38.9067919		98		59.0932081		59.0932081

		39.393581596		99		59.606418404		59.606418404

		40.621503184		99		58.378496816		58.378496816

		42.885109456		97.5		54.614890544		54.614890544

		52.775703676		97.5		44.724296324		44.724296324

		64.153327504		98		33.846672496		33.846672496

		57.587307776		97		39.412692224		39.412692224

		53.756091904		97		43.243908096		43.243908096

		55.901941504		96.5		40.598058496		40.598058496

		59.365986704		96.5		37.134013296		37.134013296

		52.487154044		99		46.512845956		46.512845956

		70.248473596		99		28.751526404		28.751526404

		91.28125		102		10.71875		10.71875

		69.689908624		102		32.310091376		32.310091376

		70.649649616		104		33.350350384		33.350350384

		47.529500764		104.5		56.970499236		56.970499236

		66.925356544		104		37.074643456		37.074643456

		62.5132471		104		41.4867529		41.4867529

		53.9036479		107.5		53.5963521		53.5963521

		37.145560576		112.5		75.354439424		75.354439424

		48.275343004		112.5		64.224656996		64.224656996

		46.345325824		110		63.654674176		63.654674176

		52.282025404		109.5		57.217974596		57.217974596

		70.622847484		109.5		38.877152516		38.877152516

		73.1227679		106.5		33.3772321		33.3772321

		63.047745724		108		44.952254276		44.952254276

		57.970741756		109		51.029258244		51.029258244

		51.188417404		111.5		60.311582596		60.311582596

		36.665435996		115		78.334564004		78.334564004

		40.320482704		115		74.679517296		74.679517296

		34.129615804		112.5		78.370384196		78.370384196

		35.653310864		111.5		75.846689136		75.846689136

		34.319447936		111.5		77.180552064		77.180552064

		36.729665536		111.5		74.770334464		74.770334464

		34.868161664		107.5		72.631838336		72.631838336

		27.6334975		107		79.3665025		79.3665025

		27.837635984		106.5		78.662364016		78.662364016

		27.584262844		106		78.415737156		78.415737156

		29.41336		105.5		76.08664		76.08664

		28.299936256		105		76.700063744		76.700063744

		26.956157116		104.5		77.543842884		77.543842884

		30.0209111		104		73.9790889		73.9790889

		27.041081984		103		75.958918016		75.958918016

		26.583333376		102		75.416666624		75.416666624

		26.594927504		101		74.405072496		74.405072496
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														wind speed		Power

								200		325		525		5		40		20

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power		netload		6		60

		1		207.1		260		80		0		-53		7		80

		2		199.8		260		80		0		-60		7.6		100

		3		206.3		260		80		0		-54		8.2		120

		4		246.0		240		80		0		6		9		160

		5		261.0		220		81		0		41		9.3		180

		6		306.0		180		146		0		126		10		220

		7		318.0		180		138		0		138		10.4		240

		8		303.0		120		183		0		183		11		260

		9		288.0		100		188		0		188		12		260

		10		285.0		80		0		205		205		13		260

		11		306.0		60		0		246		246

		12		318.0		20		0		298		298

		13		342.0		0		200		142		342

		14		336.0		0		200		136		336

		15		339.0		0		200		139		339

		16		342.0		0		200		142		342

		17		354.0		0		200		154		354

		18		396.0		0		200		196		396

		19		465.0		0		200		265		465

		20		486.0		0		200		286		486

		21		468.0		80		200		188		388

		22		366.0		120		0		246		246

		23		332.0		160		0		172		172

		24		248.6		160		129		0		89

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power

		1		-207.118312856		260		80		0

		2		-199.796436112		260		80		0

		3		-206.306917544		260		80		0

		4		-246		240		80		0

		5		-261		220		81		0

		6		-306		180		146		0

		7		-318		180		138		0

		8		-303		120		183		0

		9		-288		100		188		0

		10		-285		80		0		205

		11		-306		60		0		246

		12		-318		20		0		298

		13		-342		0		200		142

		14		-336		0		200		136

		15		-339		0		200		139

		16		-342		0		200		142

		17		-354		0		200		154

		18		-396		0		200		196

		19		-465		0		200		265

		20		-486		0		200		286

		21		-468		80		200		188

		22		-366		120		0		246

		23		-332		160		0		172

		24		-248.63470632		160		129		0

								Hybrid								Dsl only				Dsl only

												Fuel				600		900		Fuel

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power		Dsl#1		Dsl #2		Dsl #1Power		Dsl #2 Power		Dsl#1		Dsl #2

		1		-621		312		309		0		126.504		0		0		621		0		228.496

		2		-621.354938568		312		309.354938568		0		126.5913148877		0		0		621.354938568		0		228.5833148877

		3		-599.389308336		312		287.389308336		0		121.1877698507		0		0		599.389308336		0		223.1797698507

		4		-618.920752632		288		330.920752632		0		131.8965051475		0		0		618.920752632		0		227.9845051475

		5		-738		264		474		0		167.094		0		0		738		0		257.278

		6		-783		216		567		0		189.972		0		0		783		0		268.348

		7		-918		216		0		702		0		248.422		400		518		148.89		203.158

		8		-954		144		0		810		0		274.99		400		554		148.89		212.014

		9		-909		120		0		789		0		269.824		400		509		148.89		200.944

		10		-864		96		0		768		0		264.658		400		464		148.89		189.874

		11		-855		72		0		783		0		268.348		400		455		148.89		187.66

		12		-918		24		0		894		0		295.654		400		518		148.89		203.158

		13		-954		0		500		454		173.49		187.414		400		554		148.89		212.014

		14		-1026		0		500		526		173.49		205.126		500		526		173.49		205.126

		15		-1008		0		500		508		173.49		200.698		500		508		173.49		200.698

		16		-1017		0		500		517		173.49		202.912		500		517		173.49		202.912

		17		-1026		0		500		526		173.49		205.126		500		526		173.49		205.126

		18		-1062		0		500		562		173.49		213.982		500		562		173.49		213.982

		19		-1188		0		500		688		173.49		244.978		500		688		173.49		244.978

		20		-1395		0		500		895		173.49		295.9		500		895		173.49		295.9

		21		-1458		96		500		862		173.49		287.782		500		958		173.49		311.398

		22		-1404		144		500		760		173.49		262.69		500		904		173.49		298.114

		23		-1098		192		500		406		173.49		175.606		500		598		173.49		222.838

		24		-996		192		0		804		0		273.514		500		496		173.49		197.746

		0		-22410.664999536		0		Hybrid				2771.6355898859		4377.624						2950.62		5441.5095898858

										Total				7149.2595898859								8392.1295898858

										Difference				1242.87		0.8519005234
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Load, kW

Wind power

Dsl #1Power

Dsl #2 Power

Hour of Day

Power Sinks Power Sources



		Wind/load

																5		2

		Hour		Load, kW		Wind speed, m/s										6		3

		1		6.9		10.4				12						7		4

		2		6.7		10.4				12						7.6		5

		3		6.9		11				13						8.2		6

		4		8.2		10				11						9		8

		5		10.9		9.3				9						9.3		9

		6		10.2		9				8						10		11

		7		6.5		7				4						10.4		12

		8		3.7		6				3						11		13

		9		4.0		5				2

		10		4.2		0

		11		4.8		0

		12		5.2		0

		13		4.9		0

		14		4.3		0

		15		4.1		0

		16		4.5		0

		17		5.5		0

		18		7.1		0

		19		15.5		0

		20		17.2		0

		21		15.6		0

		22		12.2		7				4

		23		11.1		8.2				6

		24		8.3		8.2				6





		





		



Load, kW

Wind speed, m/s

Hour of day



		Renewable only system

		Hour		Load		Wind		PV		Battery		Battery in		Battery out

		1		1.1		2.550		0		1.4		1.4		0				0.9

		2		1.1		2.500		0		1.4		1.4		0				0.9

		3		1.1		2.150		0		1.1		1.1		0				0.9

		4		1.3		1.500		0		0.2		0.2		0				1.1

		5		1.7		1.100		0.1		-0.5		-0.5		0.6				1.5

		6		1.6		0.750		0.15		-0.7		-0.7		0.9				1.4

		7		1.0		0.070		0.2		-0.8		0.0		1.0				0.9

		8		0.6		0.000		0.3		-0.3		0		0.6				0.5

		9		0.6		0.000		0.6		-0.0		0		0.6				0.5

		10		0.7		0.000		1		0.3		0		0.7				0.6

		11		0.8		0.000		1.4		0.6		0		0.8				0.7

		12		0.8		0.000		1.6		0.8		0		0.8				0.7

		13		0.8		0.000		1.5		0.7		0		0.8				0.7

		14		0.7		0.000		1.2		0.5		0		0.7				0.6

		15		0.7		0.000		0.9		0.2		0		0.7				0.6

		16		0.7		0.000		0.6		-0.1		0		0.7				0.6

		17		0.9		0.000		0.3		-0.6		0		0.9				0.7

		18		1.1		0.000		0.2		-0.9		0		1.1				1.0

		19		2.5		0.000		0.1		-2.4		0		2.4				2.1

		20		2.7		1.000		0		-1.7		0.0		2.7				2.3

		21		2.5		1.500		0		-1.0		0.0		2.5				2.1

		22		1.9		1.750		0		-0.2		-0.2		0.0				1.7

		23		1.8		1.800		0		0.0		0.0		0.0				1.5

		24		1.3		2.250		0		0.9		0		-0.9				1.1

				30.031064727		18.92		10.15		-0.961064727		2.7		17.4883246237

		Hour		Load		Wind		PV		Battery

		1		-1.100316037		2.55		0		-1.449683963

		2		-1.0614185668		2.5		0		-1.4385814332

		3		-1.0960054995		2.15		0		-1.0539945005

		4		-1.306875		1.5		0		-0.193125

		5		-1.7371875		1.1		0.1		0.5371875

		6		-1.625625		0.75		0.15		0.725625

		7		-1.0359375		0.07		0.2		0.7659375

		8		-0.5905436505		0		0.3		0.2905436505

		9		-0.6324174443		0		0.6		0.0324174443

		10		-0.6761386113		0		1		-0.3238613887

		11		-0.7717914932		0		1.4		-0.6282085068

		12		-0.8229021533		0		1.6		-0.7770978467

		13		-0.777333613		0		1.5		-0.722666387

		14		-0.6869149553		0		1.2		-0.5130850447

		15		-0.6537648686		0		0.9		-0.2462351314

		16		-0.7171913503		0		0.6		0.1171913503

		17		-0.8736022859		0		0.3		0.5736022859

		18		-1.1382898206		0		0.2		0.9382898206

		19		-2.4703125		0		0.1		2.3703125

		20		-2.74125		1		0		1.74125

		21		-2.48625		1.5		0		0.98625

		22		-1.944375		1.75		0		0.194375

		23		-1.76375		1.8		0		-0.03625

		24		-1.3208718773		2.25		0		-0.9291281227

				Load		Wind		PV		Battery		Storage

		1		0		0.17		0		0.170		1.220		58.0952380952

		2		0		0.1666666667		0		0.167		1.387		66.0317460317

		3		0		0.1433333333		0		0.143		1.530		72.8571428571

		4		0.02		0.1		0		0.080		1.610		76.6666666667

		5		0.06		0.0733333333		0.003125		0.016		1.626		77.4503968254

		6		0.08		0.05		0.0046875		-0.025		1.601		76.2450396825

		7		0.06		0.0046666667		0.00625		-0.049		1.552		73.9077380952

		8		0.04		0		0.009375		-0.031		1.521		72.4494047619

		9		0.04		0		0.01875		-0.021		1.500		71.4375

		10		0.04		0		0.03125		-0.009		1.491		71.0208333333

		11		0.06		0		0.04375		-0.016		1.475		70.2470238095

		12		0.08		0		0.05		-0.030		1.445		68.818452381

		13		0.08		0		0.046875		-0.033		1.412		67.2410714286

		14		0.06		0		0.0375		-0.023		1.390		66.1696428571

		15		0.04		0		0.028125		-0.012		1.378		65.6041666667

		16		0.04		0		0.01875		-0.021		1.356		64.5922619048

		17		0.06		0		0.009375		-0.051		1.306		62.181547619

		18		0.1		0		0.00625		-0.094		1.212		57.7172619048

		19		0.16		0		0.003125		-0.157		1.055		50.2470238095

		20		0.16		0.0666666667		0		-0.093		0.962		45.8025793651

		21		0.13		0.1		0		-0.030		0.932		44.3740079365

		22		0.12		0.1166666667		0		-0.003		0.929		44.2152777778

		23		0.04		0.12		0		0.080		1.009		48.0248015873

		24		0		0.15		0		0.150		1.159		55.1676587302
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		-618.920752632		288		330.920752632		0

		-738		264		474		0

		-783		216		567		0

		-918		216		0		702

		-954		144		0		810

		-909		120		0		789

		-864		96		0		768

		-855		72		0		783

		-918		24		0		894

		-954		0		500		454

		-1026		0		500		526

		-1008		0		500		508

		-1017		0		500		517

		-1026		0		500		526

		-1062		0		500		562

		-1188		0		500		688

		-1395		0		500		895

		-1458		96		500		862

		-1404		144		500		760

		-1098		192		500		406

		-996		192		0		804



Load, kW

Wind power

Dsl #1Power

Dsl #2 Power

Hour of Day

Power Sinks Power Sources



Parallel

		Parallel system

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		6.9		12		0		5.1		5.1		0

		2		6.7		12		0		5.3		5.3		0

		3		6.9		13		0		6.1		6.1		0

		4		8.2		11		0		2.8		2.8		0

		5		10.9		9		15		13.1		13.1		0

		6		10.2		8		15		12.8		12.8		0

		7		6.5		5		0		-1.5		0.0		1.5

		8		3.7		3		0		-0.7		0		0.7

		9		4.0		2		0		-2.0		0		2.0

		10		4.2		0		0		-4.2		0		4.2

		11		4.8		0		0		-4.8		0		4.8

		12		5.2		0		0		-5.2		0		5.2

		13		4.9		0		0		-4.9		0		4.9

		14		4.3		0		0		-4.3		0		4.3

		15		4.1		0		0		-4.1		0		4.1

		16		4.5		0		0		-4.5		0		4.5

		17		5.5		0		0		-5.5		0		5.5

		18		7.1		0		0		-7.1		0		7.1

		19		15.5		0		15		-0.5		0		0.5

		20		17.2		0		15		-2.2		0.0		2.2

		21		15.6		0		15		-0.6		0.0		0.6

		22		12.2		4		15		6.8		6.8		0.0

		23		11.1		6		15		9.9		9.9		0.0

		24		8.3		6		0		-2.3		0		2.3

				188.4302100517		91		105		7.5697899483		62.0		54.422821168

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		-6.9039437619		12		0		-5.0960562381		5.0960562381		0

		2		-6.6598812037		12		0		-5.3401187963		5.3401187963		0

		3		-6.8768972515		13		0		-6.1231027485		6.1231027485		0

		4		-8.2		11		0		-2.8		2.8		0

		5		-10.9		9		15		-13.1		13.1		0

		6		-10.2		8		15		-12.8		12.8		0

		7		-6.5		5		0		1.5		0		1.5

		8		-3.7053719248		3		0		0.7053719248		0		0.7053719248

		9		-3.9681094544		2		0		1.9681094544		0		1.9681094544

		10		-4.2424383456		0		0		4.2424383456		0		4.2424383456

		11		-4.8426132907		0		0		4.8426132907		0		4.8426132907

		12		-5.1633076283		0		0		5.1633076283		0		5.1633076283

		13		-4.8773873755		0		0		4.8773873755		0		4.8773873755

		14		-4.3100546216		0		0		4.3100546216		0		4.3100546216

		15		-4.1020540773		0		0		4.1020540773		0		4.1020540773

		16		-4.5000241589		0		0		4.5000241589		0		4.5000241589

		17		-5.4814261077		0		0		5.4814261077		0		5.4814261077

		18		-7.1422106392		0		0		7.1422106392		0		7.1422106392

		19		-15.5		0		15		0.5		0		0.5

		20		-17.2		0		15		2.2		0		2.2

		21		-15.6		0		15		0.6		0		0.6

		22		-12.2		4		15		-6.8		6.8		0

		23		-11.0666666667		6		15		-9.9333333333		9.9333333333		0

		24		-8.287823544		6		0		2.287823544		0		2.287823544





Parallel

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0

		0		0		0		0		0



Load

Wind

Diesel

Battery in

Battery out

Hour of day

Power, kW

System operation w/ parallel inverter



Series

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Load

Wind

Diesel

Battery

Hour of day

Power, kW

System operation w/ Parellel inverter

0
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0
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0
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powerstor

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Load

Wind

Diesel

Battery

Hour of day

Power sinks   Power sources

0

0

0

0

0

0
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nostore

		Series system

		10 kW inverter

		20 kW Generator

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		6.9		12		0		5.1		5.1		0

		2		6.7		12		0		5.3		5.3		0

		3		6.9		13		0		6.1		6.1		0

		4		8.2		11		0		2.8		2.8		0

		5		10.9		9		11.9		10.0		10.0		1.9				11.9

		6		10.2		8		12.2		10.0		10.0		2.2				12.2

		7		6.5		5		0		-1.5		0.0		1.5

		8		3.7		3		0		-0.7		0		0.7

		9		4.0		2		0		-2.0		0		2.0

		10		4.2		0		0		-4.2		0		4.2

		11		4.8		0		0		-4.8		0		4.8

		12		5.2		0		0		-5.2		0		5.2

		13		4.9		0		0		-4.9		0		4.9

		14		4.3		0		0		-4.3		0		4.3

		15		4.1		0		0		-4.1		0		4.1

		16		4.5		0		0		-4.5		0		4.5

		17		5.5		0		0		-5.5		0		5.5

		18		7.1		0		0		-7.1		0		7.1

		19		15.5		0		25		9.5		9.5		0				25.5

		20		17.2		0		25		7.8		7.8		0				27.2

		21		15.6		0		25		9.4		9.4		0				25.6

		22		12.2		4		18.2		10.0		10.0		0				18.2

		23		11.1		6		15.1		10.0		10.0		0				15.1

		24		8.3		6		0		-2.3		0		2.3

				188.4302100517		91		132.4				86.1		55.222821168

		Series system

		15 kW inverter

		20 kW Generator

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		6.9		12		0		5.1		5.1		0

		2		6.7		12		0		5.3		5.3		0

		3		6.9		13		0		6.1		6.1		0

		4		8.2		11		0		2.8		2.8		0

		5		10.9		9		0		-1.9		0		1.9

		6		10.2		8		0		-2.2		0		2.2

		7		6.5		5		0		-1.5		0		1.5

		8		3.7		3		0		-0.7		0		0.7

		9		4.0		2		0		-2.0		0		2.0

		10		4.2		0		0		-4.2		0		4.2

		11		4.8		0		0		-4.8		0		4.8

		12		5.2		0		0		-5.2		0		5.2

		13		4.9		0		0		-4.9		0		4.9

		14		4.3		0		0		-4.3		0		4.3

		15		4.1		0		0		-4.1		0		4.1

		16		4.5		0		0		-4.5		0		4.5

		17		5.5		0		0		-5.5		0		5.5

		18		7.1		0		0		-7.1		0		7.1

		19		15.5		0		25		9.5		9.5		0

		20		17.2		0		25		7.8		7.8		0

		21		15.6		0		25		9.4		9.4		0

		22		12.2		4		25		16.8		16.8		0.0

		23		11.1		6		0		-5.1		0.0		5.1

		24		8.3		6		0		-2.3		0		2.3

				188.4302100517		91		100		2.5697899483		62.9		60.2894878347

		Hour		Load		Wind		Diesel		Battery		Battery in		Battery out

		1		-6.9039437619		12		0		-5.0960562381		5.0960562381		0

		2		-6.6598812037		12		0		-5.3401187963		5.3401187963		0

		3		-6.8768972515		13		0		-6.1231027485		6.1231027485		0

		4		-8.2		11		0		-2.8		2.8		0

		5		-10.9		9		0		1.9		0		1.9

		6		-10.2		8		0		2.2		0		2.2

		7		-6.5		5		0		1.5		0		1.5

		8		-3.7053719248		3		0		0.7053719248		0		0.7053719248

		9		-3.9681094544		2		0		1.9681094544		0		1.9681094544

		10		-4.2424383456		0		0		4.2424383456		0		4.2424383456

		11		-4.8426132907		0		0		4.8426132907		0		4.8426132907

		12		-5.1633076283		0		0		5.1633076283		0		5.1633076283

		13		-4.8773873755		0		0		4.8773873755		0		4.8773873755

		14		-4.3100546216		0		0		4.3100546216		0		4.3100546216

		15		-4.1020540773		0		0		4.1020540773		0		4.1020540773

		16		-4.5000241589		0		0		4.5000241589		0		4.5000241589

		17		-5.4814261077		0		0		5.4814261077		0		5.4814261077

		18		-7.1422106392		0		0		7.1422106392		0		7.1422106392

		19		-15.5		0		25		-9.5		9.5		0

		20		-17.2		0		25		-7.8		7.8		0

		21		-15.6		0		25		-9.4		9.4		0

		22		-12.2		4		25		-16.8		16.8		0

		23		-11.0666666667		6		0		5.0666666667		0		5.0666666667

		24		-8.287823544		6		0		2.287823544		0		2.287823544





nostore

		1		1		1		1

		2		2		2		2

		3		3		3		3

		4		4		4		4

		5		5		5		5

		6		6		6		6

		7		7		7		7

		8		8		8		8

		9		9		9		9

		10		10		10		10

		11		11		11		11

		12		12		12		12

		13		13		13		13

		14		14		14		14

		15		15		15		15

		16		16		16		16

		17		17		17		17

		18		18		18		18

		19		19		19		19

		20		20		20		20

		21		21		21		21

		22		22		22		22

		23		23		23		23

		24		24		24		24



Load

Wind

Diesel

Battery

Hour of day

Power, kW

System operation w/ 10 kW series converter

6.9039437619

12

0

5.0960562381

6.6598812037

12

0

5.3401187963

6.8768972515

13

0

6.1231027485

8.2

11

0

2.8

10.9

9

11.9

10

10.2

8

12.2

10

6.5

5

0

-1.5

3.7053719248

3

0

-0.7053719248

3.9681094544

2

0

-1.9681094544

4.2424383456

0

0

-4.2424383456

4.8426132907

0

0

-4.8426132907

5.1633076283

0

0

-5.1633076283

4.8773873755

0

0

-4.8773873755

4.3100546216

0

0

-4.3100546216

4.1020540773

0

0

-4.1020540773

4.5000241589

0

0

-4.5000241589

5.4814261077

0

0

-5.4814261077

7.1422106392

0

0

-7.1422106392

15.5

0

25

9.5

17.2

0

25

7.8

15.6

0

25

9.4

12.2

4

18.2

10

11.0666666667

6

15.1

10.0333333333

8.287823544

6

0

-2.287823544



windload

		1		1		1		1

		2		2		2		2

		3		3		3		3

		4		4		4		4

		5		5		5		5

		6		6		6		6

		7		7		7		7

		8		8		8		8

		9		9		9		9

		10		10		10		10

		11		11		11		11

		12		12		12		12

		13		13		13		13

		14		14		14		14

		15		15		15		15

		16		16		16		16

		17		17		17		17

		18		18		18		18

		19		19		19		19

		20		20		20		20

		21		21		21		21

		22		22		22		22

		23		23		23		23

		24		24		24		24



Load

Wind

Diesel

Battery

Hour of day

Power, kW

System operation w/ 15 kW series converter

6.9039437619

12

0

5.0960562381

6.6598812037

12

0

5.3401187963

6.8768972515

13

0

6.1231027485

8.2

11

0

2.8

10.9

9

0

-1.9

10.2

8

0

-2.2

6.5

5

0

-1.5

3.7053719248

3

0

-0.7053719248

3.9681094544

2

0

-1.9681094544

4.2424383456

0

0

-4.2424383456

4.8426132907

0

0

-4.8426132907

5.1633076283

0

0

-5.1633076283

4.8773873755

0

0

-4.8773873755

4.3100546216

0

0

-4.3100546216

4.1020540773

0

0

-4.1020540773

4.5000241589

0

0

-4.5000241589

5.4814261077

0

0

-5.4814261077

7.1422106392

0

0

-7.1422106392

15.5

0

25

9.5

17.2

0

25

7.8

15.6

0

25

9.4

12.2

4

25

16.8

11.0666666667

6

0

-5.0666666667

8.287823544

6

0

-2.287823544



Renewable only

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0
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		Wind		Wind		Wind power		Wind power		Load		Power from Battery		Diesel power						Wind power		Load		Power from Battery		Diesel power

		7.92		7.92		5.74362832		114.8725664		87.5		-27.3725664		0						114.8725664		-87.5		-27.3725664		0

		7.88		7.88		5.66807072		113.3614144		90		-23.3614144		0						113.3614144		-90		-23.3614144		0

		8.11		8.11		6.11143298		122.2286596		91		-31.2286596		0						122.2286596		-91		-31.2286596		0

		7.49		7.49		4.96556138		99.3112276		93		-6.3112276		0						99.3112276		-93		-6.3112276		0

		8.52		8.52		6.95525152		139.1050304		93		-46.1050304		0						139.1050304		-93		-46.1050304		0

		8.85		8.85		7.6841905		153.68381		92		-61.68381		0						153.68381		-92		-61.68381		0

		9.36		9.36		8.89804048		177.9608096		93		-84.9608096		0						177.9608096		-93		-84.9608096		0

		10.29		10.29		11.38446058		227.6892116		94		-133.6892116		0						227.6892116		-94		-133.6892116		0

		10.01		10.01		10.59876938		211.9753876		93.5		-118.4753876		0						211.9753876		-93.5		-118.4753876		0

		10.51		10.51		12.02420738		240.4841476		94.5		-145.9841476		0						240.4841476		-94.5		-145.9841476		0

		11.52		10.5		11.9947		239.894		95		-144.894		0						239.894		-95		-144.894		0

		11.38		10.56		12.17235568		243.4471136		96		-147.4471136		0						243.4471136		-96		-147.4471136		0

		12.06		10.2		11.128432		222.56864		96.5		-126.06864		0						222.56864		-96.5		-126.06864		0

		10.1		10.1		10.847828		216.95656		91		-125.95656		0						216.95656		-91		-125.95656		0

		8.76		8.76		7.48098688		149.6197376		92.5		-57.1197376		0						149.6197376		-92.5		-57.1197376		0

		8.29		8.29		6.47345258		129.4690516		94.5		-34.9690516		0						129.4690516		-94.5		-34.9690516		0

		8.36		8.36		6.61780448		132.3560896		89		-43.3560896		0						132.3560896		-89		-43.3560896		0

		8.63		8.63		7.19329922		143.8659844		88		-55.8659844		0						143.8659844		-88		-55.8659844		0

		7.83		7.83		5.57454082		111.4908164		93		-18.4908164		0						111.4908164		-93		-18.4908164		0

		7.27		7.27		4.59662402		91.9324804		94.5		2.5675196		0		1				91.9324804		-94.5		2.5675196		0

		8.32		8.32		6.53507312		130.7014624		95		-35.7014624		0						130.7014624		-95		-35.7014624		0

		8.95		8.95		7.9138445		158.27689		99		-59.27689		0						158.27689		-99		-59.27689		0

		8.75		8.75		7.4586125		149.17225		98		-51.17225		0						149.17225		-98		-51.17225		0

		8.49		8.49		6.89118538		137.8237076		98		-39.8237076		0						137.8237076		-98		-39.8237076		0

		8.35		8.35		6.5970605		131.94121		96.5		-35.44121		0						131.94121		-96.5		-35.44121		0

		7.25		7.25		4.5640625		91.28125		99.5		8.21875		0		1				91.28125		-99.5		8.21875		0

		9.8		9.8		10.030472		200.60944		102.5		-98.10944		0						200.60944		-102.5		-98.10944		0

		8.35		8.35		6.5970605		131.94121		104		-27.94121		0						131.94121		-104		-27.94121		0

		8.27		8.27		6.43257602		128.6515204		104.5		-24.1515204		0						128.6515204		-104.5		-24.1515204		0

		8.38		8.38		6.65941472		133.1882944		104		-29.1882944		0						133.1882944		-104		-29.1882944		0

		7.5		7.5		4.9828		99.656		104.5		4.844		0		1				99.656		-104.5		4.844		0

		8.22		8.22		6.33109792		126.6219584		105		-21.6219584		0						126.6219584		-105		-21.6219584		0

		8.22		8.22		6.33109792		126.6219584		107.5		-19.1219584		0						126.6219584		-107.5		-19.1219584		0

		8.87		8.87		7.72979522		154.5959044		109		-45.5959044		0						154.5959044		-109		-45.5959044		0

		8.55		8.55		7.0196845		140.39369		109		-31.39369		0						140.39369		-109		-31.39369		0

		8.03		8.03		5.95477442		119.0954884		112.5		-6.5954884		0						119.0954884		-112.5		-6.5954884		0

		10.6		10.05		10.7090545		214.18109		113		-101.18109		0						214.18109		-113		-101.18109		0

		8.33		8.33		6.55569482		131.1138964		114		-17.1138964		0						131.1138964		-114		-17.1138964		0

		6.476		6.476		3.4291781888		68.583563776		114.5		45.916436224		0		1				68.583563776		-114.5		45.916436224		0

		6.546		6.546		3.5217730408		70.435460816		117		46.564539184		0		2				70.435460816		-117		46.564539184		0

		7.05		7.05		4.2474145		84.94829		118		33.05171		0		3				84.94829		-118		33.05171		0

		7.83		7.83		5.57454082		111.4908164		117.5		6.0091836		0		4				111.4908164		-117.5		6.0091836		0

		8.07		8.07		6.03277762		120.6555524		117		-3.6555524		0						120.6555524		-117		-3.6555524		0

		5.634		5.634		2.4718932328		49.437864656		115		65.562135344		0		1				49.437864656		-115		65.562135344		0

		6.872		6.872		3.9793102592		79.586205184		115.5		35.913794816		0		2				79.586205184		-115.5		35.913794816		0

		6.434		6.434		3.3745799528		67.491599056		114.5		47.008400944		0		3				67.491599056		-114.5		47.008400944		0

		6.46		6.46		3.40829408		68.1658816		114		45.8341184		0		4				68.1658816		-114		45.8341184		0

		6.394		6.394		3.3232500968		66.465001936		112.5		46.034998064		0		5				66.465001936		-112.5		46.034998064		0

		6.178		6.178		3.0573381992		61.146763984		115		53.853236016		0		6				61.146763984		-115		53.853236016		0

		5.642		5.642		2.4796288232		49.592576464		115.5		65.907423536		0		7				49.592576464		-115.5		65.907423536		0

		5.479		5.479		2.3271651758		46.543303516		114		67.456696484		67.456696484		8				46.543303516		-114		-20		87.456696484

		5.759		5.759		2.5957424078		51.914848156		113		61.085151844		61.085151844		9				51.914848156		-113		-20		81.085151844

		5.008		5.008		1.9474682432		38.949364864		112		73.050635136		73.050635136		10				38.949364864		-112		-20		93.050635136

		5.969		5.969		2.8181463518		56.362927036		110.5		54.137072964		54.137072964		11				56.362927036		-110.5		-20		74.137072964

		6.879		6.879		3.9896097358		79.792194716		109.5		29.707805284		29.707805284		12				79.792194716		-109.5		-20		49.707805284

		6.359		6.359		3.2788714478		65.577428956		105		39.422571044		39.422571044		13				65.577428956		-105		-20		59.422571044

		5.87		5.87		2.71105922		54.2211844		105		50.7788156		50.7788156		14				54.2211844		-105		-20		70.7788156

		6.259		6.259		3.1548266078		63.096532156		107.5		44.403467844		44.403467844		15				63.096532156		-107.5		-20		64.403467844

		5.9		5.9		2.743088		54.86176		107		52.13824		52.13824		16				54.86176		-107		-20		72.13824

		5.526		5.526		2.3700159688		47.400319376		112		64.599680624		64.599680624		17				47.400319376		-112		-20		84.599680624

		5.281		5.281		2.1565311518		43.130623036		111.5		68.369376964		68.369376964		18				43.130623036		-111.5		-20		88.369376964

		5.435		5.435		2.287865555		45.7573111		111.5		65.7426889		65.7426889		19				45.7573111		-111.5		-20		85.7426889

		5.558		5.558		2.3997061832		47.994123664		112.5		64.505876336		64.505876336		20				47.994123664		-112.5		-20		84.505876336

		5.747		6.747		3.7987537342		75.975074684		112		36.024925316		36.024925316		21				75.975074684		-112		-20		56.024925316

		7.17		8.37		6.63858922		132.7717844		114		-18.7717844		10						132.7717844		-114		-38.7717844		20

		7.27		8.47		6.84867842		136.9735684		115		-21.9735684		10						136.9735684		-115		-41.9735684		20

		7.44		8.64		7.21518448		144.3036896		115		-29.3036896		10						144.3036896		-115		-49.3036896		20

		7.49		8.69		7.32522218		146.5044436		117.5		-29.0044436		10						146.5044436		-117.5		-49.0044436		20

		7.5		8.7		7.347352		146.94704		119		-27.94704		10						146.94704		-119		-47.94704		20

		7.45		8.65		7.2371105		144.74221		119.5		-25.24221		0						144.74221		-119.5		-25.24221		0

		7.45		8.65		7.2371105		144.74221		117		-27.74221		0						144.74221		-117		-27.74221		0

		6.55		6.55		3.5271245		70.54249		111.5		40.95751		0		1				70.54249		-111.5		40.95751		0

		6.568		6.568		3.5512867712		71.025735424		110.5		39.474264576		0		2				71.025735424		-110.5		39.474264576		0

		5.963		5.963		2.8115425022		56.230850044		109		52.769149956		0		3				56.230850044		-109		52.769149956		0

		5.989		5.989		2.8402651598		56.805303196		107.5		50.694696804		0		4				56.805303196		-107.5		50.694696804		0

		6.813		6.813		3.8932939822		77.865879644		106		28.134120356		0		5				77.865879644		-106		28.134120356		0

		6.275		6.275		3.174399875		63.4879975		102		38.5120025		0		6				63.4879975		-102		38.5120025		0

		6.584		6.584		3.5728752128		71.457504256		101.5		30.042495744		0		7				71.457504256		-101.5		30.042495744		0

		6.704		6.704		3.7381145408		74.762290816		96		21.237709184		21.237709184		8				74.762290816		-96		-20		41.237709184

		7.19		7.19		4.46735618		89.3471236		90		0.6528764		10		9				89.3471236		-90		-20		20.6528764

		6.858		6.858		3.9587712232		79.175424464		89.5		10.324575536		10.324575536		10				79.175424464		-89.5		-20		30.324575536

		6.631		6.631		3.6368947118		72.737894236		89		16.262105764		16.262105764		11				72.737894236		-89		-20		36.262105764

		6.854		6.854		3.9529176008		79.058352016		88.5		9.441647984		10		12				79.058352016		-88.5		-20		29.441647984

		6.688		6.688		3.7157435072		74.314870144		90		15.685129856		15.685129856		13				74.314870144		-90		-20		35.685129856

		6.892		6.892		4.0087903232		80.175806464		90		9.824193536		10		14				80.175806464		-90		-20		29.824193536

		6.536		6.536		3.5084229248		70.168458496		87.5		17.331541504		17.331541504		15				70.168458496		-87.5		-20		37.331541504

		6.482		6.482		3.4370366312		68.740732624		87.5		18.759267376		18.759267376		16				68.740732624		-87.5		-20		38.759267376

		7.01		7.01		4.18604138		83.7208276		87		3.2791724		10		17				83.7208276		-87		-20		23.2791724

		6.995		6.995		4.163194595		83.2638919		86.5		3.2361081		10		18				83.2638919		-86.5		-20		23.2361081

		7.55		7.55		5.0696045		101.39209		86		-15.39209		10						101.39209		-86		-35.39209		20

		6.71		8.25		6.3918625		127.83725		85.5		-42.33725		10						127.83725		-85.5		-62.33725		20

		7.57		7.57		5.10461162		102.0922324		85		-17.0922324		10						102.0922324		-85		-37.0922324		20

		7.28		7.28		4.61296592		92.2593184		84.5		-7.7593184		10						92.2593184		-84.5		-27.7593184		20

		7.03		7.03		4.21664642		84.3329284		84		-0.3329284		10						84.3329284		-84		-20.3329284		20

		6.487		6.487		3.4435965422		68.871930844		83.5		14.628069156		0		1				68.871930844		-83.5		14.628069156		0

		6.486		6.486		3.4422837448		68.845674896		89		20.154325104		0		2				68.845674896		-89		20.154325104		0

		5.676		5.676		2.5127961088		50.255922176		90		39.744077824		0		3				50.255922176		-90		39.744077824		0

		6.973		6.973		4.1298518702		82.597037404		92.5		9.902962596		0		4				82.597037404		-92.5		9.902962596		0

		6.324		7.4		4.812248		96.24496		93		-3.24496		0						96.24496		-93		-3.24496		0

		6.952		7.8		5.518912		110.37824		94.5		-15.87824		0						110.37824		-94.5		-15.87824		0

		6.93		8.1		6.091708		121.83416		91.5		-30.33416		0						121.83416		-91.5		-30.33416		0

		7.22		8.2		6.290792		125.81584		88.5		-37.31584		0						125.81584		-88.5		-37.31584		0

		6.564		8.4		6.701188		134.02376		87		-47.02376		0						134.02376		-87		-47.02376		0

		7.41		7.6		5.157428		103.14856		89		-14.14856		0						103.14856		-89		-14.14856		0

		7.13		7.3		4.645772		92.91544		87.5		-5.41544		0						92.91544		-87.5		-5.41544		0

		6.037		7.1		4.325048		86.50096		90		3.49904		0		1				86.50096		-90		3.49904		0

		7.04		7.04		4.23201008		84.6402016		90		5.3597984		0		2				84.6402016		-90		5.3597984		0

		7.18		7.18		4.45138112		89.0276224		91		1.9723776		0		3				89.0276224		-91		1.9723776		0

		7.87		7.87		5.64928322		112.9856644		93		-19.9856644		0						112.9856644		-93		-19.9856644		0

		7.25		7.25		4.5640625		91.28125		93		1.71875		0		1				91.28125		-93		1.71875		0

		8		8		5.8967		117.934		95		-22.934		0						117.934		-95		-22.934		0

		8.14		8.14		6.17085248		123.4170496		95		-28.4170496		0						123.4170496		-95		-28.4170496		0

		7.35		7.35		4.7285005		94.57001		99		4.42999		0		1				94.57001		-99		4.42999		0

		7.47		7.47		4.93120642		98.6241284		94.5		-4.1241284		0						98.6241284		-94.5		-4.1241284		0

		7.57		7.57		5.10461162		102.0922324		99.5		-2.5922324		0						102.0922324		-99.5		-2.5922324		0

		8.47		8.47		6.84867842		136.9735684		102.5		-34.4735684		0						136.9735684		-102.5		-34.4735684		0

		8.7		8.7		7.347352		146.94704		102.5		-44.44704		0						146.94704		-102.5		-44.44704		0

		8.45		8.45		6.8063345		136.12669		104.5		-31.62669		0						136.12669		-104.5		-31.62669		0

		9.3		9.3		8.749732		174.99464		105		-69.99464		0						174.99464		-105		-69.99464		0

		9.25		9.25		8.6272625		172.54525		107.5		-65.04525		0						172.54525		-107.5		-65.04525		0

		9.01		9.01		8.05359338		161.0718676		109		-52.0718676		0						161.0718676		-109		-52.0718676		0

		8.96		8.96		7.93703408		158.7406816		108		-50.7406816		0						158.7406816		-108		-50.7406816		0

		9.4		9.4		8.997728		179.95456		104.5		-75.45456		0						179.95456		-104.5		-75.45456		0

		9.14		9.14		8.36141648		167.2283296		102		-65.2283296		0						167.2283296		-102		-65.2283296		0

		9		9		8.0302		160.604		103		-57.604		0						160.604		-103		-57.604		0

		7.7		7.7		5.336132		106.72264		103.5		-3.22264		0						106.72264		-103.5		-3.22264		0

		9.06		9.06		8.17117168		163.4234336		105		-58.4234336		0						163.4234336		-105		-58.4234336		0

		8.84		8.84		7.66144928		153.2289856		105.5		-47.7289856		0						153.2289856		-105.5		-47.7289856		0

		7.13		7.13		4.37211722		87.4423444		106		18.5576556		0		1				87.4423444		-106		18.5576556		0

		6.079		6.079		2.9418174158		58.836348316		106.5		47.663651684		0		2				58.836348316		-106.5		47.663651684		0

		5.716		5.716		2.5524196928		51.048393856		107		55.951606144		0		3				51.048393856		-107		55.951606144		0

		6.188		6.188		3.0692291072		61.384582144		107.5		46.115417856		0		4				61.384582144		-107.5		46.115417856		0

		6.549		6.549		3.5257860238		70.515720476		108		37.484279524		0		5				70.515720476		-108		37.484279524		0

		4.975		4.975		1.924254875		38.4850975		108.5		70.0149025		0		6				38.4850975		-108.5		70.0149025		0

		3.572		3.572		1.3479324992		26.958649984		109		82.041350016		0		7				26.958649984		-109		82.041350016		0

		3.724		3.724		1.3716178688		27.432357376		109.5		82.067642624		82.067642624		8				27.432357376		-109.5		-20		102.067642624

		4.262		4.262		1.5311062472		30.622124944		110		79.377875056		79.377875056		9				30.622124944		-110		-20		99.377875056

		4.598		4.598		1.6905610952		33.811221904		109		75.188778096		75.188778096		10				33.811221904		-109		-20		95.188778096

		5.058		5.058		1.9834857832		39.669715664		108		68.330284336		68.330284336		11				39.669715664		-108		-20		88.330284336

		5.174		5.174		2.0709708488		41.419416976		107		65.580583024		65.580583024		12				41.419416976		-107		-20		85.580583024

		5.611		5.611		2.4497987198		48.995974396		106		57.004025604		57.004025604		13				48.995974396		-106		-20		77.004025604

		4.27		4.27		1.53436802		30.6873604		105		74.3126396		74.3126396		14				30.6873604		-105		-20		94.3126396

		4.132		4.132		1.4817586112		29.635172224		104		74.364827776		74.364827776		15				29.635172224		-104		-20		94.364827776

		4.254		4.254		1.5278705608		30.557411216		103		72.442588784		72.442588784		16				30.557411216		-103		-20		92.442588784

		4.903		4.903		1.8751482542		37.502965084		102		64.497034916		64.497034916		17				37.502965084		-102		-20		84.497034916

		4.734		4.734		1.7681846728		35.363693456		101		65.636306544		65.636306544		18				35.363693456		-101		-20		85.636306544

		5.067		5.067		1.9900771582		39.801543164		100		60.198456836		60.198456836						39.801543164		-100		-20		80.198456836

		4.442		4.442		1.6108057832		32.216115664		99		66.783884336		66.783884336						32.216115664		-99		-20		86.783884336

		4.645		4.645		1.716534395		34.3306879		98		63.6693121		63.6693121						34.3306879		-98		-20		83.6693121

		4.939		4.939		1.8994374398		37.988748796		97		59.011251204		59.011251204						37.988748796		-97		-20		79.011251204

		4.812		4.812		1.8161059072		36.322118144		96		59.677881856		59.677881856						36.322118144		-96		-20		79.677881856

		4.415		4.415		1.598008955		31.9601791		95		63.0398209		63.0398209						31.9601791		-95		-20		83.0398209

		4.434		4.434		1.6069831528		32.139663056		96		63.860336944		63.860336944						32.139663056		-96		-20		83.860336944

		4.96		4.96		1.91385008		38.2770016		97.5		59.2229984		59.2229984						38.2770016		-97.5		-20		79.2229984

		4.964		4.964		1.9166157248		38.332314496		97.5		59.167685504		59.167685504						38.332314496		-97.5		-20		79.167685504

		5.005		5.005		1.945339595		38.9067919		98		59.0932081		59.0932081						38.9067919		-98		-20		79.0932081

		5.039		5.039		1.9696790798		39.393581596		99		59.606418404		59.606418404						39.393581596		-99		-20		79.606418404

		5.122		5.122		2.0310751592		40.621503184		99		58.378496816		58.378496816						40.621503184		-99		-20		78.378496816

		5.266		5.266		2.1442554728		42.885109456		97.5		54.614890544		54.614890544						42.885109456		-97.5		-20		74.614890544

		5.801		5.801		2.6387851838		52.775703676		97.5		44.724296324		44.724296324						52.775703676		-97.5		-20		64.724296324

		6.302		6.302		3.2076663752		64.153327504		98		33.846672496		33.846672496						64.153327504		-98		-20		53.846672496

		6.024		6.024		2.8793653888		57.587307776		97		39.412692224		39.412692224						57.587307776		-97		-20		59.412692224

		5.848		5.848		2.6878045952		53.756091904		97		43.243908096		43.243908096						53.756091904		-97		-20		63.243908096

		5.948		5.948		2.7950970752		55.901941504		96.5		40.598058496		40.598058496						55.901941504		-96.5		-20		60.598058496

		6.102		6.102		2.9682993352		59.365986704		96.5		37.134013296		37.134013296						59.365986704		-96.5		-20		57.134013296

		5.787		5.787		2.6243577022		52.487154044		99		46.512845956		46.512845956						52.487154044		-99		-20		66.512845956

		6.539		6.539		3.5124236798		70.248473596		99		28.751526404		28.751526404						70.248473596		-99		0		28.751526404

		7.25		7.25		4.5640625		91.28125		102		10.71875		10.71875						91.28125		-102		0		10.71875

		6.518		6.518		3.4844954312		69.689908624		102		32.310091376		32.310091376						69.689908624		-102		0		32.310091376

		6.554		6.554		3.5324824808		70.649649616		104		33.350350384		33.350350384						70.649649616		-104		0		33.350350384

		5.533		5.533		2.3764750382		47.529500764		104.5		56.970499236		56.970499236						47.529500764		-104.5		0		56.970499236

		6.412		6.412		3.3462678272		66.925356544		104		37.074643456		37.074643456						66.925356544		-104		0		37.074643456

		6.235		6.235		3.125662355		62.5132471		104		41.4867529		41.4867529						62.5132471		-104		0		41.4867529

		5.855		5.855		2.695182395		53.9036479		107.5		53.5963521		53.5963521						53.9036479		-107.5		0		53.5963521

		4.876		4.876		1.8572780288		37.145560576		112.5		75.354439424		75.354439424						37.145560576		-112.5		0		75.354439424

		5.573		5.573		2.4137671502		48.275343004		112.5		64.224656996		64.224656996						48.275343004		-112.5		0		64.224656996

		5.468		5.468		2.3172662912		46.345325824		110		63.654674176		63.654674176						46.345325824		-110		0		63.654674176

		5.777		5.777		2.6141012702		52.282025404		109.5		57.217974596		57.217974596						52.282025404		-109.5		0		57.217974596

		6.553		6.553		3.5311423742		70.622847484		109.5		38.877152516		38.877152516						70.622847484		-109.5		0		38.877152516

		6.645		6.645		3.656138395		73.1227679		106.5		33.3772321		33.3772321						73.1227679		-106.5		0		33.3772321

		6.257		6.257		3.1523872862		63.047745724		108		44.952254276		44.952254276						63.047745724		-108		0		44.952254276

		6.041		6.041		2.8985370878		57.970741756		109		51.029258244		51.029258244						57.970741756		-109		0		51.029258244

		5.723		5.723		2.5594208702		51.188417404		111.5		60.311582596		60.311582596						51.188417404		-111.5		0		60.311582596

		4.839		4.839		1.8332717998		36.665435996		115		78.334564004		78.334564004						36.665435996		-115		0		78.334564004

		5.102		5.102		2.0160241352		40.320482704		115		74.679517296		74.679517296						40.320482704		-115		0		74.679517296

		4.627		4.627		1.7064807902		34.129615804		112.5		78.370384196		78.370384196						34.129615804		-112.5		0		78.370384196

		4.758		4.758		1.7826655432		35.653310864		111.5		75.846689136		75.846689136						35.653310864		-111.5		0		75.846689136

		4.644		4.644		1.7159723968		34.319447936		111.5		77.180552064		77.180552064						34.319447936		-111.5		0		77.180552064

		4.844		4.844		1.8364832768		36.729665536		111.5		74.770334464		74.770334464						36.729665536		-111.5		0		74.770334464

		4.692		4.692		1.7434080832		34.868161664		107.5		72.631838336		72.631838336						34.868161664		-107.5		0		72.631838336

		3.775		3.775		1.381674875		27.6334975		107		79.3665025		79.3665025						27.6334975		-107		0		79.3665025

		3.822		3.822		1.3918817992		27.837635984		106.5		78.662364016		78.662364016						27.837635984		-106.5		0		78.662364016

		3.763		3.763		1.3792131422		27.584262844		106		78.415737156		78.415737156						27.584262844		-106		0		78.415737156

		4.1		4.1		1.470668		29.41336		105.5		76.08664		76.08664						29.41336		-105.5		0		76.08664

		3.916		3.916		1.4149968128		28.299936256		105		76.700063744		76.700063744						28.299936256		-105		0		76.700063744

		3.571		3.571		1.3478078558		26.956157116		104.5		77.543842884		77.543842884						26.956157116		-104.5		0		77.543842884

		4.185		4.185		1.501045555		30.0209111		104		73.9790889		73.9790889						30.0209111		-104		0		73.9790889

		2.928		2.928		1.3520540992		27.041081984		103		75.958918016		75.958918016						27.041081984		-103		0		75.958918016

		3.224		3.224		1.3291666688		26.583333376		102		75.416666624		75.416666624						26.583333376		-102		0		75.416666624

		3.198		3.198		1.3297463752		26.594927504		101		74.405072496		74.405072496						26.594927504		-101		0		74.405072496





		114.8725664		87.5		-27.3725664		0

		113.3614144		90		-23.3614144		0

		122.2286596		91		-31.2286596		0

		99.3112276		93		-6.3112276		0

		139.1050304		93		-46.1050304		0

		153.68381		92		-61.68381		0

		177.9608096		93		-84.9608096		0

		227.6892116		94		-133.6892116		0

		211.9753876		93.5		-118.4753876		0

		240.4841476		94.5		-145.9841476		0

		239.894		95		-144.894		0

		243.4471136		96		-147.4471136		0

		222.56864		96.5		-126.06864		0

		216.95656		91		-125.95656		0

		149.6197376		92.5		-57.1197376		0

		129.4690516		94.5		-34.9690516		0

		132.3560896		89		-43.3560896		0

		143.8659844		88		-55.8659844		0

		111.4908164		93		-18.4908164		0

		91.9324804		94.5		2.5675196		0

		130.7014624		95		-35.7014624		0

		158.27689		99		-59.27689		0

		149.17225		98		-51.17225		0

		137.8237076		98		-39.8237076		0

		131.94121		96.5		-35.44121		0

		91.28125		99.5		8.21875		0

		200.60944		102.5		-98.10944		0

		131.94121		104		-27.94121		0

		128.6515204		104.5		-24.1515204		0

		133.1882944		104		-29.1882944		0

		99.656		104.5		4.844		0

		126.6219584		105		-21.6219584		0

		126.6219584		107.5		-19.1219584		0

		154.5959044		109		-45.5959044		0

		140.39369		109		-31.39369		0

		119.0954884		112.5		-6.5954884		0

		214.18109		113		-101.18109		0

		131.1138964		114		-17.1138964		0

		68.583563776		114.5		45.916436224		0

		70.435460816		117		46.564539184		0

		84.94829		118		33.05171		0

		111.4908164		117.5		6.0091836		0

		120.6555524		117		-3.6555524		0

		49.437864656		115		65.562135344		0

		79.586205184		115.5		35.913794816		0

		67.491599056		114.5		47.008400944		0

		68.1658816		114		45.8341184		0

		66.465001936		112.5		46.034998064		0

		61.146763984		115		53.853236016		0

		49.592576464		115.5		65.907423536		0

		46.543303516		114		67.456696484		67.456696484

		51.914848156		113		61.085151844		61.085151844

		38.949364864		112		73.050635136		73.050635136

		56.362927036		110.5		54.137072964		54.137072964

		79.792194716		109.5		29.707805284		29.707805284

		65.577428956		105		39.422571044		39.422571044

		54.2211844		105		50.7788156		50.7788156

		63.096532156		107.5		44.403467844		44.403467844

		54.86176		107		52.13824		52.13824

		47.400319376		112		64.599680624		64.599680624

		43.130623036		111.5		68.369376964		68.369376964

		45.7573111		111.5		65.7426889		65.7426889

		47.994123664		112.5		64.505876336		64.505876336

		75.975074684		112		36.024925316		36.024925316

		132.7717844		114		-18.7717844		10

		136.9735684		115		-21.9735684		10

		144.3036896		115		-29.3036896		10

		146.5044436		117.5		-29.0044436		10

		146.94704		119		-27.94704		10

		144.74221		119.5		-25.24221		0

		144.74221		117		-27.74221		0

		70.54249		111.5		40.95751		0

		71.025735424		110.5		39.474264576		0

		56.230850044		109		52.769149956		0

		56.805303196		107.5		50.694696804		0

		77.865879644		106		28.134120356		0

		63.4879975		102		38.5120025		0

		71.457504256		101.5		30.042495744		0

		74.762290816		96		21.237709184		21.237709184

		89.3471236		90		0.6528764		10

		79.175424464		89.5		10.324575536		10.324575536

		72.737894236		89		16.262105764		16.262105764

		79.058352016		88.5		9.441647984		10

		74.314870144		90		15.685129856		15.685129856

		80.175806464		90		9.824193536		10

		70.168458496		87.5		17.331541504		17.331541504

		68.740732624		87.5		18.759267376		18.759267376

		83.7208276		87		3.2791724		10

		83.2638919		86.5		3.2361081		10

		101.39209		86		-15.39209		10

		127.83725		85.5		-42.33725		10

		102.0922324		85		-17.0922324		10

		92.2593184		84.5		-7.7593184		10

		84.3329284		84		-0.3329284		10

		68.871930844		83.5		14.628069156		0

		68.845674896		89		20.154325104		0

		50.255922176		90		39.744077824		0

		82.597037404		92.5		9.902962596		0

		96.24496		93		-3.24496		0

		110.37824		94.5		-15.87824		0

		121.83416		91.5		-30.33416		0

		125.81584		88.5		-37.31584		0

		134.02376		87		-47.02376		0

		103.14856		89		-14.14856		0

		92.91544		87.5		-5.41544		0

		86.50096		90		3.49904		0

		84.6402016		90		5.3597984		0

		89.0276224		91		1.9723776		0

		112.9856644		93		-19.9856644		0

		91.28125		93		1.71875		0

		117.934		95		-22.934		0

		123.4170496		95		-28.4170496		0

		94.57001		99		4.42999		0

		98.6241284		94.5		-4.1241284		0

		102.0922324		99.5		-2.5922324		0

		136.9735684		102.5		-34.4735684		0

		146.94704		102.5		-44.44704		0

		136.12669		104.5		-31.62669		0

		174.99464		105		-69.99464		0

		172.54525		107.5		-65.04525		0

		161.0718676		109		-52.0718676		0

		158.7406816		108		-50.7406816		0

		179.95456		104.5		-75.45456		0

		167.2283296		102		-65.2283296		0

		160.604		103		-57.604		0

		106.72264		103.5		-3.22264		0

		163.4234336		105		-58.4234336		0

		153.2289856		105.5		-47.7289856		0

		87.4423444		106		18.5576556		0

		58.836348316		106.5		47.663651684		0

		51.048393856		107		55.951606144		0

		61.384582144		107.5		46.115417856		0

		70.515720476		108		37.484279524		0

		38.4850975		108.5		70.0149025		0

		26.958649984		109		82.041350016		0

		27.432357376		109.5		82.067642624		82.067642624

		30.622124944		110		79.377875056		79.377875056

		33.811221904		109		75.188778096		75.188778096

		39.669715664		108		68.330284336		68.330284336

		41.419416976		107		65.580583024		65.580583024

		48.995974396		106		57.004025604		57.004025604

		30.6873604		105		74.3126396		74.3126396

		29.635172224		104		74.364827776		74.364827776

		30.557411216		103		72.442588784		72.442588784

		37.502965084		102		64.497034916		64.497034916

		35.363693456		101		65.636306544		65.636306544

		39.801543164		100		60.198456836		60.198456836

		32.216115664		99		66.783884336		66.783884336

		34.3306879		98		63.6693121		63.6693121

		37.988748796		97		59.011251204		59.011251204

		36.322118144		96		59.677881856		59.677881856

		31.9601791		95		63.0398209		63.0398209

		32.139663056		96		63.860336944		63.860336944

		38.2770016		97.5		59.2229984		59.2229984

		38.332314496		97.5		59.167685504		59.167685504

		38.9067919		98		59.0932081		59.0932081

		39.393581596		99		59.606418404		59.606418404

		40.621503184		99		58.378496816		58.378496816

		42.885109456		97.5		54.614890544		54.614890544

		52.775703676		97.5		44.724296324		44.724296324

		64.153327504		98		33.846672496		33.846672496

		57.587307776		97		39.412692224		39.412692224

		53.756091904		97		43.243908096		43.243908096

		55.901941504		96.5		40.598058496		40.598058496

		59.365986704		96.5		37.134013296		37.134013296

		52.487154044		99		46.512845956		46.512845956

		70.248473596		99		28.751526404		28.751526404

		91.28125		102		10.71875		10.71875

		69.689908624		102		32.310091376		32.310091376

		70.649649616		104		33.350350384		33.350350384

		47.529500764		104.5		56.970499236		56.970499236

		66.925356544		104		37.074643456		37.074643456

		62.5132471		104		41.4867529		41.4867529

		53.9036479		107.5		53.5963521		53.5963521

		37.145560576		112.5		75.354439424		75.354439424

		48.275343004		112.5		64.224656996		64.224656996

		46.345325824		110		63.654674176		63.654674176

		52.282025404		109.5		57.217974596		57.217974596

		70.622847484		109.5		38.877152516		38.877152516

		73.1227679		106.5		33.3772321		33.3772321

		63.047745724		108		44.952254276		44.952254276

		57.970741756		109		51.029258244		51.029258244

		51.188417404		111.5		60.311582596		60.311582596

		36.665435996		115		78.334564004		78.334564004

		40.320482704		115		74.679517296		74.679517296

		34.129615804		112.5		78.370384196		78.370384196

		35.653310864		111.5		75.846689136		75.846689136

		34.319447936		111.5		77.180552064		77.180552064

		36.729665536		111.5		74.770334464		74.770334464

		34.868161664		107.5		72.631838336		72.631838336

		27.6334975		107		79.3665025		79.3665025

		27.837635984		106.5		78.662364016		78.662364016

		27.584262844		106		78.415737156		78.415737156

		29.41336		105.5		76.08664		76.08664

		28.299936256		105		76.700063744		76.700063744

		26.956157116		104.5		77.543842884		77.543842884

		30.0209111		104		73.9790889		73.9790889

		27.041081984		103		75.958918016		75.958918016

		26.583333376		102		75.416666624		75.416666624

		26.594927504		101		74.405072496		74.405072496
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Wind power
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														wind speed		Power

								200		325		525		5		40		20

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power		netload		6		60

		1		207.1		260		80		0		-53		7		80

		2		199.8		260		80		0		-60		7.6		100

		3		206.3		260		80		0		-54		8.2		120

		4		246.0		240		80		0		6		9		160

		5		261.0		220		81		0		41		9.3		180

		6		306.0		180		146		0		126		10		220

		7		318.0		180		138		0		138		10.4		240

		8		303.0		120		183		0		183		11		260

		9		288.0		100		188		0		188		12		260

		10		285.0		80		0		205		205		13		260

		11		306.0		60		0		246		246

		12		318.0		20		0		298		298

		13		342.0		0		200		142		342

		14		336.0		0		200		136		336

		15		339.0		0		200		139		339

		16		342.0		0		200		142		342

		17		354.0		0		200		154		354

		18		396.0		0		200		196		396

		19		465.0		0		200		265		465

		20		486.0		0		200		286		486

		21		468.0		80		200		188		388

		22		366.0		120		0		246		246

		23		332.0		160		0		172		172

		24		248.6		160		129		0		89

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power

		1		-207.118312856		260		80		0

		2		-199.796436112		260		80		0

		3		-206.306917544		260		80		0

		4		-246		240		80		0

		5		-261		220		81		0

		6		-306		180		146		0

		7		-318		180		138		0

		8		-303		120		183		0

		9		-288		100		188		0

		10		-285		80		0		205

		11		-306		60		0		246

		12		-318		20		0		298

		13		-342		0		200		142

		14		-336		0		200		136

		15		-339		0		200		139

		16		-342		0		200		142

		17		-354		0		200		154

		18		-396		0		200		196

		19		-465		0		200		265

		20		-486		0		200		286

		21		-468		80		200		188

		22		-366		120		0		246

		23		-332		160		0		172

		24		-248.63470632		160		129		0

								Hybrid								Dsl only				Dsl only

												Fuel				600		900		Fuel

		Hour		Load, kW		Wind power		Dsl #1Power		Dsl #2 Power		Dsl#1		Dsl #2		Dsl #1Power		Dsl #2 Power		Dsl#1		Dsl #2

		1		-621		312		309		0		126.504		0		0		621		0		228.496

		2		-621.354938568		312		309.354938568		0		126.5913148877		0		0		621.354938568		0		228.5833148877

		3		-599.389308336		312		287.389308336		0		121.1877698507		0		0		599.389308336		0		223.1797698507

		4		-618.920752632		288		330.920752632		0		131.8965051475		0		0		618.920752632		0		227.9845051475

		5		-738		264		474		0		167.094		0		0		738		0		257.278

		6		-783		216		567		0		189.972		0		0		783		0		268.348

		7		-918		216		0		702		0		248.422		400		518		148.89		203.158

		8		-954		144		0		810		0		274.99		400		554		148.89		212.014

		9		-909		120		0		789		0		269.824		400		509		148.89		200.944

		10		-864		96		0		768		0		264.658		400		464		148.89		189.874

		11		-855		72		0		783		0		268.348		400		455		148.89		187.66

		12		-918		24		0		894		0		295.654		400		518		148.89		203.158

		13		-954		0		500		454		173.49		187.414		400		554		148.89		212.014

		14		-1026		0		500		526		173.49		205.126		500		526		173.49		205.126

		15		-1008		0		500		508		173.49		200.698		500		508		173.49		200.698

		16		-1017		0		500		517		173.49		202.912		500		517		173.49		202.912

		17		-1026		0		500		526		173.49		205.126		500		526		173.49		205.126

		18		-1062		0		500		562		173.49		213.982		500		562		173.49		213.982

		19		-1188		0		500		688		173.49		244.978		500		688		173.49		244.978

		20		-1395		0		500		895		173.49		295.9		500		895		173.49		295.9

		21		-1458		96		500		862		173.49		287.782		500		958		173.49		311.398

		22		-1404		144		500		760		173.49		262.69		500		904		173.49		298.114

		23		-1098		192		500		406		173.49		175.606		500		598		173.49		222.838

		24		-996		192		0		804		0		273.514		500		496		173.49		197.746

		0		-22410.664999536		0		Hybrid				2771.6355898859		4377.624						2950.62		5441.5095898858

										Total				7149.2595898859								8392.1295898858

										Difference				0.8519005234
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		Wind/load

																5		2

		Hour		Load, kW		Wind speed, m/s										6		3

		1		6.9		10.4										7		4

		2		6.7		10.4										7.6		5

		3		6.9		11										8.2		6

		4		8.2		10										9		8

		5		10.9		9.3										9.3		9

		6		10.2		9										10		11

		7		6.5		7										10.4		12

		8		3.7		6										11		13

		9		4.0		5

		10		4.2		0

		11		4.8		0

		12		5.2		0

		13		4.9		0

		14		4.3		0

		15		4.1		0

		16		4.5		0

		17		5.5		0

		18		7.1		0

		19		15.5		0

		20		17.2		0

		21		15.6		0

		22		12.2		7

		23		11.1		8.2

		24		8.3		8.2
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		Renewable only system

		Hour		Load		Wind		PV		Battery		Battery in		Battery out

		1		1.1		3.000		0		1.9		1.9		0				0.9

		2		1.1		3.000		0		1.9		1.9		0				0.9

		3		1.1		3.250		0		2.2		2.2		0				0.9

		4		1.3		2.750		0		1.4		1.4		0				1.1

		5		1.7		2.250		0.1		0.6		0.6		-0.5				1.5

		6		1.6		2.000		0.15		0.5		0.5		-0.4				1.4

		7		1.0		1.250		0.2		0.4		0.0		-0.2				0.9

		8		0.6		0.750		0.3		0.5		0		-0.2				0.5

		9		0.6		0.500		0.6		0.5		0		0.1				0.5

		10		0.7		0.000		1		0.3		0		0.7				0.6

		11		0.8		0.000		1.4		0.6		0		0.8				0.7

		12		0.8		0.000		1.6		0.8		0		0.8				0.7

		13		0.8		0.000		1.5		0.7		0		0.8				0.7

		14		0.7		0.000		1.2		0.5		0		0.7				0.6

		15		0.7		0.000		0.9		0.2		0		0.7				0.6

		16		0.7		0.000		0.6		-0.1		0		0.7				0.6

		17		0.9		0.000		0.3		-0.6		0		0.9				0.7

		18		1.1		0.000		0.2		-0.9		0		1.1				1.0

		19		2.5		0.000		0.1		-2.4		0		2.4				2.1

		20		2.7		0.000		0		-2.7		0.0		2.7				2.3

		21		2.5		0.000		0		-2.5		0.0		2.5				2.1

		22		1.9		1.000		0		-0.9		-0.9		0.0				1.7

		23		1.8		1.500		0		-0.3		-0.3		0.0				1.5

		24		1.3		1.500		0		0.2		0		-0.2				1.1

				30.031064727		22.75		10.15		2.868935273		7.4		13.4083246236

		Hour		Load		Wind		PV		Battery

		1		-1.100316037		3		0		-1.899683963

		2		-1.0614185668		3		0		-1.9385814332

		3		-1.0960054995		3.25		0		-2.1539945005

		4		-1.306875		2.75		0		-1.443125

		5		-1.7371875		2.25		0.1		-0.6128125

		6		-1.625625		2		0.15		-0.524375

		7		-1.0359375		1.25		0.2		-0.4140625

		8		-0.5905436505		0.75		0.3		-0.4594563495

		9		-0.6324174443		0.5		0.6		-0.4675825557

		10		-0.6761386113		0		1		-0.3238613887

		11		-0.7717914932		0		1.4		-0.6282085068

		12		-0.8229021533		0		1.6		-0.7770978467

		13		-0.777333613		0		1.5		-0.722666387

		14		-0.6869149553		0		1.2		-0.5130850447

		15		-0.6537648686		0		0.9		-0.2462351314

		16		-0.7171913503		0		0.6		0.1171913503

		17		-0.8736022859		0		0.3		0.5736022859

		18		-1.1382898206		0		0.2		0.9382898206

		19		-2.4703125		0		0.1		2.3703125

		20		-2.74125		0		0		2.74125

		21		-2.48625		0		0		2.48625

		22		-1.944375		1		0		0.944375

		23		-1.76375		1.5		0		0.26375

		24		-1.3208718773		1.5		0		-0.1791281227
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