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Executive Summary

This summary contains the key recommendations of the Survey Experts group to the Smith River Alliance (SRA) regarding the design of an off-grid energy system to be installed at the Rock Creek Ranch (RCR).  Our design consists of two phases.  In the first phase, photovoltaic arrays are installed at two sites at RCR – the orchard site near the main house (the ranch house), and the roof of the secondary house (the long house).  Each site will have its own inverter and battery bank.  In the second phase, a micro-hydro system is installed based on outflow from a culvert crossing under the road above RCR, and power from it is delivered to both the ranch house and the long house.
1. Site Loads

The assumptions in Table ES-1 were used in sizing system components.  The table shows the assumed average daily load for summer and winter at each site, as well as maximum possible instantaneous loads (the total connected Watts) at each site.

Table ES-1: These assumptions were used in sizing the solar system.

	Load Assumptions

	 
	 
	Summer
	Winter

	Ranch house
	AC (W-hrs/day)
	1993
	1402

	
	DC (W-hrs/day)
	1197
	552

	
	AC (Connected W)
	3821
	3821

	
	DC (Connected W)
	66
	66

	Long house
	AC (W-hrs/day)
	1263
	754

	
	DC (W-hrs/day)
	159
	0

	
	AC (Connected W)
	544
	544

	
	DC (Connected W)
	25
	0

	Caretaker's Cabin
	AC (W-hrs/day)
	499
	607

	
	DC (W-hrs/day)
	0
	0

	
	AC (Connected W)
	148
	148

	
	DC (Connected W)
	0
	0


2. Phase I - Ranch house

We sited the PV array in the orchard, 340 feet from the ranch house.  The PV panels will be mounted on an adjustable pole mount.  We assumed that they will be adjusted monthly; less frequent adjustments would make little difference in the calculations.  We sized the battery bank to provide for five days without charging at the assumed winter-time loads, with a maximum battery state of discharge of 60%.

Based on life cycle costs, we recommend twelve 115W PV panels at this site, two more than the number already purchased by the SRA.  We also consider ten panels to be a viable option at this site.  The ten panel design has the advantage of lower initial costs.  The major components for Phase I at the ranch house are shown in Table ES-2.  We assumed that initially the existing Honda generator would be used to charge the batteries when there is insufficient solar resource.

Table ES-2: Major ranch house system components are summarized.

	Inverter
	Trace SW 2512

	Batteries
	10 Interstate UL-16 6V deep cycle

	PV Panels
	12 Evergreen EC-115

	Charge Controllers
	2 Outback MX-60

	Generator
	Honda EM5000S

	Wire – panels to controllers
	2 sets AWG 8 plus ground wire


Initial costs for the major components at the ranch house are summarized in Table ES-3 for the twelve panel option.  Costs for items such as installation, disconnects, smaller wire runs, overcurrent protection devices, and circuit breaker panels are very rough estimates.  Capital costs are only for required new items.
Table ES-3: Initial costs of major new ranch house system components are shown.
	Item
	Description
	Quantity
	Costs Each ($)
	Capital Cost ($)
	Life Time (yrs)

	PV Panels
	 EG-115
	12 (2 new)
	618.00
	1236.00
	30

	Copper wires 
	340 ft AWG 8
	 4
	0.73
	992.80
	30

	Other wires
	Ground, misc
	
	
	346.78
	30

	Charge Controller 
	Outback MX-60
	2 (1 new)
	649.00
	649.00
	10

	Batteries 
	Interstate UL-16
	 10
	199.95
	1999.50
	6-10 years

	Generator
	 Honda EM5000S
	1
	2681.95
	0
	15

	Inverter
	 Trace SW 2512
	1
	1299.00
	0
	15

	Mounting rack
	Pole mount
	1
	840
	840
	30

	Disconnect
	Outback PS2DC-175
	1
	375
	375
	30

	Miscellaneous
	Fuses, AC/DC panels, misc
	
	500
	500
	30

	Trench
	Orchard to house
	
	500
	500
	30

	Installation
	Labor
	
	500
	500
	

	Total
	
	
	
	$7898.30
	


Life cycle costs for two options for the standalone ranch house system are shown in Table ES-4.  The life cycle analysis is for a period of 30 years.  We assumed a discount rate of 4%.  This table shows the cost of gasoline required to make up the deficit during the winter months.  Based on specifications in the generator manual, and on information provided by the SRA, we assumed a generator efficiency of about 10% in converting gasoline to electricity.  The life cycle cost analysis shows higher initial costs for the 12 panel option, but lower life cycle costs.  We assumed that the price of gasoline would increase at the historical rate of the past 10 years - 1.7% greater than the general inflation rate.  The 10 panel option has higher initial costs for wires due to 60 Volt transmission compared with 72 Volts for 12 panels.
Table ES-4: Present values of 30 year life cycle costs are shown for the ranch house.
	Option
	Initial cost
	Energy costs
	Operation & Maintenance
	Capital replacement
	Salvage value
	Total life cycle cost

	10 panels
	$7073
	$9922
	$1729
	$7541
	$810
	$25,455

	12 panels
	$7898
	$7868
	$1729
	$7541
	$795
	$24,128


We encountered two major issues at the ranch house site – long wire runs and the limitations of a 12V battery bank and inverter.  At 12V, the current from more than 800W input from PV panels would be too great for a single 60A charge controller.  We considered changing the system voltage to 48V, which would have required the purchase of a new inverter.  Based on capital costs, we selected the 12V option, which requires the purchase of an additional charge controller, as well as two sets of wires from the PV panels to the controllers.

3. Phase I - Long house

At the second site at RCR, we selected eight 75W PV panels, located on the north end of the house.  This would require the purchase of two new 75W panels.  In this case, the life cycle cost is higher with eight panels.  The reduced costs for gasoline were not sufficient to make up for the increased capital expense of the two additional panels.  We recommend eight panels based on the possibility of new loads at this site.  We assumed that the panels were permanently tilted to latitude minus 15°. We recommend four 6V, 375Amp-hr batteries at this site to achieve five days without charging during the winter.  For the initial set of batteries, we recommend using the existing six 6V batteries.  The major components at the long house site are summarized in Table ES-5.

Table ES-5: Major long house system components are summarized.

	Inverter
	Trace SW 1512

	Batteries
	6 Interstate UL-16

	PV Panels
	6 existing 75W panels; 2 additional 75W panels

	Charge controller
	1 Xantrex C-60


Initial costs for the major components at the long house are summarized in Table ES-6 for the eight panel option.  The capital costs only include the new items.  Costs for items such as overcurrent protection, installation, and an AC circuit breaker panel are rough estimates.  Life cycle costs for the long house system are summarized in Table ES-7.
Table ES-6: Initial costs of new long house system components are shown.
	Item
	Description
	Quantity
	Costs Each ($)
	Capital Cost ($)
	Life Time (yrs)

	PV Panels
	 Sharp 80V
	2 new
	479.16
	958.32
	30

	Charge Controller 
	Xantrex C-60
	1
	167.16
	167.16
	10

	Batteries 
	Interstate UL-16
	 6
	199.95
	0
	6-10 years

	Generator
	 Honda EM5000S
	1
	2681.95
	0
	15

	Inverter
	 Trace SW 1512
	1
	799.00
	799.00
	15

	Mounting rack
	Roof mount
	1
	258.00
	258.00
	30

	Disconnect
	100 amp
	1
	325.00
	325.00
	30

	Wires
	All
	
	69.56
	69.56
	30

	Miscellaneous
	Fuses, AC panel
	
	350.00
	350.00
	30

	Installation
	Labor
	
	500.00
	500.00
	

	Total
	
	
	
	$3,442.25
	


Table ES-7: Present values of 30 year life cycle costs are shown for the long house.
	Option
	Initial cost
	Energy costs
	Operation & Maintenance
	Capital replacement
	Salvage value
	Total life cycle cost

	6 panels
	$2444
	$2127
	$1729
	$3392
	$109
	$9583

	8 panels
	$3402
	$1551
	$1729
	$3392
	$168
	$9906


4. Phase II – Micro-hydro integration

The RCR has very good potential for micro-hydro power.  SRA members have estimated the flow at a culvert near the property at greater than 100 gallons per minute for most of the winter.  We measured the head at this site at 72 ft., leading to an estimate of 480W from the generator.  Delivering the power to both houses will require the installation of 315 ft. of wire from the turbine powerhouse to the long house, and the installation of 793 ft. of new wire from the turbine to the ranch house.  To minimize wire costs, we selected a 600W AC turbine/generator set that outputs 120V wild AC.  A rectifier and transformer will be required at each site.  At each site, a diversion charge controller will divert power to a load such as a water heater, space heater, or hot tub when the batteries are fully charged.  The major components of the micro-hydro system are summarized in Table ES-8.

Table ES-8: Additional micro-hydro system components are summarized.

	Turbine and generator
	Harris HV 600

	Pipe
	220 ft. schedule 40 3” PVC

	Transformer and rectifier
	Included with HV 600 (120V)

	Intake/sedimentation basin
	Engineering & construction needed


Capital costs for the main micro-hydro system components are shown in Table ES-9.  Costs for the trench, intake, powerhouse, and construction are very rough estimates.
Table ES-9: Initial costs for major micro-hydro components are shown.
	Item
	Description
	Quantity
	Costs Each ($)
	Capital Cost ($)
	Life Time (yrs)

	Turbine and generator
	 Hi-power Hydro 600W 

120V AC
	1
	2500.00
	2500.00
	15

	Pipeline
	3” Schedule 40 PVC
	220 ft.
	21.55/9 ft.
	538.75
	30

	Rectifier/transformer
	Hi-power Hydro
	1 extra
	50
	50
	15

	Wire
	Copper AWG 6
	 2 @793 ft.
	0.97/ ft.
	1538.42
	30

	Wire
	Copper AWG 10
	2 @315 ft.
	0.38/ ft.
	239.40
	30

	Trench
	Turbine to long house
	315 ft.
	500
	500
	30

	Powerhouse
	
	
	500
	500
	

	Intake
	Flume & basin
	
	2000
	2000
	

	Construction
	Intake & other
	
	2000
	2000
	

	Total
	
	
	
	$9867
	


Life cycle costs for the complete system after installation of the micro-hydro system are shown in Table ES-10.  We assumed that the gas generator would only be needed to make up the deficit in September, October, and half of November.  With the micro-hydro system replacing most of the gasoline, the life cycle cost is lower with the smaller number of PV panels.
Table ES-10: Present values of 30 year life cycle costs are shown assuming installation of both the micro-hydro system and the PV installations at both houses.

	Option
	Initial cost
	Energy costs
	Operation & Maintenance
	Capital replacement
	Salvage value
	Total life cycle cost

	16 panels
	$19,874
	$2413
	$5187
	$12,396
	$1027
	$40,897

	20 panels
	$21,543
	$1311
	$5187
	$12,396
	$1071
	$41,508


A benefit of the renewable energy systems not included in these numbers is the value of the fuel displaced when “excess” solar energy and micro-hydro energy are used for water or space heating.

The locations of the renewable energy system components are shown in Figure ES-1.
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Figure ES-1: Renewable energy system components are shown at the Rock Creek site.

1. Introduction

Rock Creek Ranch is owned by the Smith River Alliance.  The Smith River Alliance (SRA) is an organization founded in 1980 to restore and protect natural resources in the Smith River watershed. Rock Creek Ranch is located 8 miles south of the confluence of the Middle and South forks of Smith River. The ranch covers 15 acres bordering the Smith River. Existing facilities at Rock Creek Ranch include a ranch house, occupied by a caretaker, and the long house which provides minimal amenities for overnight guests.  No public utilities are available at the site and electrical power is currently provided by a battery bank and gasoline-powered generator.   

Ranch Creek Ranch is used by the SRA to provide a location for summer retreats, youth camps, and educational workshops. The SRA anticipates expanding activities at Rock Creek Ranch, especially during the summer.  The expansion plans include construction of a caretaker’s cabin, which would free up more space in the ranch house for overnight guests.  

To meet future electrical power demands, the SRA has requested that we design a renewable energy system for Rock Creek Ranch. The renewable energy system should be primarily based on photovoltaics.  However, there is a seasonal stream on site which may provide an option for micro-hydro power.  The design options we present here are decentralized.  Each facility will have its own power generation and storage capabilities.  A benefit of this design is that the renewable energy system can be built in phases congruent with the amount of capital available at a given time.    

2. Background

In order to design a stand alone PV system, we began by assessing present loads and possible sites for PV arrays.  Next we performed a load analysis based on observations and communication with residents of Rock Creek Ranch.  To complete our loads assessment it was necessary for us to make certain assumptions.  We designed for what we thought the average daily load might be as opposed to the maximum load, which included all appliances running simultaneously.  We also made assumptions of how summer versus winter use of the facility would affect the electrical loads.  These assumptions are reflected in the sizing spreadsheet in Appendix C.  
The first step in designing a photovoltaic system is determining the potential locations for PV arrays.  One of our initial assumptions was that caretaker’s cabin would be built in close proximity to the existing ranch house.  Due to their close proximity, we decided that power will be provided to the Ranch House and Caretaker’s Cabin by the same PV array and battery bank.  

In regard to the long house, determining the location of the PV array was straightforward.  Based upon solar pathfinder analysis as well as ease of installation, we selected the roof of the long house.  Determining the location of the array for the ranch house/caretaker’s cabin was also tightly constrained.  The roof of either structure was ruled out due to a high degree of shading.  The only feasible location was the orchard, which is located about 300 feet away from the ranch house.  

Another of our initial assumptions was that solar insolation collected at the Gasquet airport was characteristic of conditions at Rock Creek Ranch. Once we collected the appropriate solar data, they were integrated into PV array sitting considerations and shading analysis.  The result of this was an estimate for the amount of solar energy at each site that would be available for the PV array (Table 1).

Table 1: Insolation data for Rock Creek Ranch in kW-hrs/m2-day.

	
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Insolation data from Gasquet, 

CA on a horizontal surface
	0.76
	1.86
	2.84
	4.04
	5.60
	6.90
	7.19
	6.00
	4.74
	2.60
	1.12
	0.54

	Insolation on surface elevated 

to (latitude-declination) monthly
	0.65
	2.48
	3.24
	4.16
	5.52
	6.69
	7.02
	6.13
	5.50
	3.54
	1.03
	0.44

	Solar availability at orchard site –

fraction available after shading
	29%
	90%
	77%
	77%
	77%
	93%
	94%
	88%
	87%
	86%
	54%
	17%

	Available insolation in orchard 

on tilted surface (after shading)
	0.19
	2.23
	2.49
	3.20
	4.25
	6.22
	6.60
	5.39
	4.79
	3.04
	0.56
	0.07

	Available insolation on surface 

permanently tilted to (latitude-15°)
	0.76
	2.35
	3.23
	4.20
	5.45
	6.47
	6.86
	6.15
	5.47
	3.33
	1.15
	0.53

	Solar availability at long house 

roof site – fraction after shading
	72%
	83%
	78%
	77%
	78%
	81%
	80%
	82%
	81%
	88%
	72%
	69%

	Available insolation on tilted 

surface (after shading)
	0.52
	2.05
	2.53
	3.11
	3.94
	4.75
	5.01
	4.78
	4.44
	3.09
	0.81
	0.35


After assessing site characteristics and solar pathfinder data we conducted a load analysis to determine the power demand at Rock Creek Ranch.  The analysis was performed for the long house, ranch house and caretaker’s cabin.  The load analysis for the long house and ranch house contain estimates for AC as well as DC loads.  The DC loads consist of a Sunfrost DC refrigerator and freezer, which functions as a refrigerator.  The analysis was subjective as assumptions were made regarding future energy use based upon the expected increased activity at Rock Creek Ranch. Ultimately, the Engineering 475 class agreed on a common load analysis to provide a common starting point (Table 2).

Table 2: Estimated load for Rock Creek Ranch.

	Location
	Type of Load
	Summer
	Winter

	Ranch House
	AC (W-hrs/day)
	1993
	1402

	
	DC (W-hrs/day)
	1197
	552

	Long House
	AC (W-hrs/day)
	1263
	754

	
	DC (W-hrs/day)
	159
	0

	Caretaker’s Cabin
	AC (W-hrs/day)
	499
	607

	
	DC (W-hrs/day)
	0
	0


Finally, as there is a seasonal stream on site, the potential exists for micro-hydro power generation.  Fortunately, the stream flows during the winter when solar insolation is insufficient to meet the power demand.  Thus, micro-hydro is a design option to be considered.
3. Design

The assumptions and decisions made in the previous section provided the basis for designing the system.  The sizing calculations for all components are included in Appendix C.  First, we sized the inverter.  At the ranch house and caretaker’s cabin, the total connected AC Watts is 3969W.  This exceeds the maximum continuous output possible with the existing Trace 2500W inverter.  We chose to use the existing inverter, and to advise the SRA that they may need to restrict access to appliances such as the vacuum, washer, and dryer when guests are present.  At the long house, the maximum possible instantaneous load is 544 W.  We selected a Xantrex 1512 inverter for the long house.

We also considered the possibility of running the long house on DC power.  In this case, the SRA would not need to purchase an inverter and all loads would need to be DC.  This option would reduce initial cost.  However, it would reduce flexibility if the number and type of loads were to increase.    

The Smith River Alliance owns six 12 volt interstate UL-16 batteries which are being used at the ranch house.  To reduce costs, we anticipate that these batteries will be used in the new energy system.  Therefore, we used these batteries in the sizing analysis.  The battery banks were sized for both winter and summer loads for comparison.  The battery banks at both locations were sized for 2 days of autonomy with summer loads, and 5 days of autonomy with winter loads.  At both locations the depth of discharge was assumed to be 60%.  In addition, the battery banks at both locations were designed for 12 volt.  The reasons for this were that SRA already owns a Trace 12 Volt inverter as well as two 12 volt, DC Sunfrost refrigerators.  The results of battery sizing are included in Table 3.  

Table 3:  Battery bank sizing for summer and winter anticipated loads.

	Location
	Season
	Batteries in Series
	Batteries in Parallel
	Total Batteries

	Ranch House/

Caretaker's Cabin
	Summer
	2.00
	2.85
	5.70

	Ranch House/

Caretaker's Cabin
	Winter
	2.00
	4.98
	9.96

	Long House 
	Summer
	2.00
	1.11
	2.23

	Long House 
	Winter
	2.00
	1.49
	2.97


Based on the sizing calculations, we specified ten 6V, 375 Amp-hr batteries for the ranch house, and 4 similar batteries for the long house.  Initially we expect that the existing 6 batteries at the ranch house would be used at the long house.

Our sizing calculations for the PV array at the ranch house/caretaker’s cabin were based on Evergreen EC-115 PV modules.  The SRA already owns ten panels which will be incorporated into the design.  For the long house, array sizing was based upon 75W panels.  The SRA already owns four Siemens SP75 modules (75 W) and 2 BP 380V panels (80 W).  We specified an additional two Sharp 80W panels.  To size the PV array, summer and winter loads were compared against insolation data for a number of months.

We graphed expected loads at both locations against the PV array output that would be delivered to the loads.  We did this for 10 and 12 panels at the ranch house/caretaker’s cabin and for 6 and 8 panels at the long house.  We calculated PV output after shading and assumed a 95% efficient controller, 90% efficient inverter, 80% efficient batteries, and 95% efficient wire runs (Figure 1, Figure 2, Figure 3, and Figure 4).  In addition, we derated PV output by 12% according to the manufacturers’ specifications for voltage drop with temperature.
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Figure 1:  Ranch house/Cabin loads compared to PV array output for 10 panels.
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Figure 2: Ranch house/Cabin loads compared to PV array output for 12 panels.

Figure 1 indicates a tight fit between power demand and generation. Very little extra power is produced.  In contrast, Figure 2 indicates power will be produced that will be diverted to loads such as water or space heating.  In both cases there is a power generation deficit during part of the year.  For 10 panels this occurs from September through April.  For the 12 panel option the deficit occurs from November through March.

Another consideration in regards to the PV array for the ranch house/cabin is output voltage.  The PV array site is located 340 ft from the battery bank.  A high voltage output from the array would minimize wire size and costs.  For a 10 panel array (2 parallel strings of 5) the nominal voltage is 60 volts whereas for a 12 panel array (2 parallel strings of 6) it is 72 volts.  These considerations will affect other aspects of system sizing.
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Figure 3: Long house loads compared to PV array output for 6 panels.
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Figure 4:  Long house loads compared to PV array output for 8 panels.

The situation is similar for the long house.  Figure 3 illustrates a close correlation between power demand and generation.  In contrast, Figure 4 indicates excess power is being produced during the summer.  As before, there is a power generation deficit for both scenarios during certain times of the year.  There is approximately a 6 month deficit for the 6 panel scenario and 3 month deficit for the 8 panel scenario.  

The decision to be made for both locations in regard to PV configuration comes down to a few issues: 

1.  How much is the SRA prepared to supplement power production with a generator?

2.  How good were the load estimates in regards to future usage and growth?

3.  How important are initial costs compared with life cycle costs?

4.  How close are the solar insolation and PV output numbers?

The answer to these questions will help determine the final PV array configuration.  

Our next design consideration was the charge controller.  The SRA owns an Outback MX-60, which is already in use at the ranch house.  To avoid buying new components we decided to base our design options on the MX-60 if possible.  However, for the ranch house/caretaker’s cabin there are some considerations to be evaluated.  

For both the 10 panel and 12 panel scenarios, the current output from the MX-60 will exceed specifications.  The MX-60 will output 12 volts at a maximum of 60 amps.  A 10 panel PV array can produce 1150W.  The resulting output from the charge controller would be 96 amps at 12 volts.  A 12 panel array could generate 1380W, and the output from the charge controller would be 115 amps at 12 volts.

We considered two possible solutions to overcome this obstacle: sizing the battery bank for 12 volts and sizing the battery bank for 48 volts.  Sizing the battery bank for 48 volts would involve outputting 48 volts from the charge controller, purchasing a 48 volt inverter and using the existing Trace 2512 inverter for the long house.  It would also involve converting the Sunfrost refrigerators to AC.  A benefit of the 48 volt option would be a single wire run of 340 ft from the PV array to the ranch house. 
The 12 volt option would involve purchasing another MX-60 and require 2 wire runs from the PV array.  Each parallel string of six modules from the PV array would be wired to its own charge controller.  It would still be possible to use the Trace 2512 as well as the Sunfrost refrigerator.  However, it would be necessary to purchase a new 1500 Watt inverter for the long house.  

At the longhouse, a maximum power point charge controller does not provide a great benefit in regards to maximizing the power output from the PV array.  This is because the array at the longhouse is a smaller array made up of three different types of panels with different optimal operating voltages.  In this case we recommend the Xantrex C-60 charge controller.  

The final component to be designed was the wire sizing.  Sizing wire for the ranch house was problematic due to the wire run of 340 feet from the PV array in the orchard to the battery bank at the ranch house.  This long distance dramatically increases the cost of the wire.  One reason we decided on PV array outputs of 60 volts and 72 volts was to minimize wire size and therefore cost.  In addition, for this run, we considered aluminum instead of copper to further reduce cost.  However, aluminum wires are not favorable for a humid environment. All wire sizes for the ranch house are designed for copper.  We sized the long house wiring for both a 6 and an 8 panel array.  All wires at the long house were sized for copper.  The wire sizing worksheets for both locations are included in Appendix C.

3.1. Phase I

Phase I of the design consists of stand alone photovoltaic systems for the long house and the ranch house/caretaker’s cabin.  In determining the final design, we considered the design objectives, assumptions and constraints, as well as economic calculations.  

Phase I for the ranch house/caretaker’s cabin consists of a 12 panel, 72 volt PV array (2 parallel strings of 6).  Each parallel string is connected to an Outback MX-60 charge controller.  The charge controllers are connected in parallel on the battery side.  The battery bank consists of 10 interstate UL-16 batteries configured for 12 volt and the inverter is a Trace 2512. 

For the long house, Phase I consists of an 8 panel, 24 volt PV array (4 parallel strings of 2).  The PV array is connected to a Xantrex C-60 charge controller. The battery bank is made up of 6 Interstate UL-16 batteries wired to provide 12 volts to a Trace 1512 inverter.  

The components for each location are summarized in Table 4 and schematics for the ranch house /caretaker’s cabin and the long house are illustrated in Figure 6 and Figure 7 respectively.  

Table 4: Phase I Design configuration for Rock Creek Ranch.

	Component 
	Ranch House/Cabin
	Long house

	PV Array
	12 panels, 72 volts (2 parallel strings of 6)
	8 panels, 24 volts (4 parallel strings of 2)

	Charge Controller
	2 Outback MX-60’s
	1 Xantrex C-60

	Batteries
	10 Interstate UL-16’s
	6 Interstate UL-16’s

	Inverter
	Trace 2512
	Trace 1512



[image: image7]
Figure 5: Phase I Schematic for the Ranch House/Caretaker's Cabin
[image: image8.emf]
Figure 6: Solar system at long house

3.2. Phase II

Phase I employs photovoltaics to supply the energy demand of the ranch from April to September.  Phase I depends on a generator to meet winter energy demands.  Because of the proximity to a culvert passing under the main road and draining through the RCR property, implementation of a micro-hydro generation facility is a viable alternative to petroleum powered generation.  Phase II incorporates the use of micro-hydro to meet these demands.  

The two main components necessary to employ micro-hydro are elevation gradient and flow.  This site possesses both.
Altitude Gradient (drop)

A field level was used to measure the altitude change between the lip of the culvert and the landing where the micro-hydro power house is proposed. A series of backshots and foreshots were added and subtracted to arrive at an elevation difference of 71.91 feet (Appendix A).

Flow
According to a local resident who employs micro-hydro at his nearby home, the culvert at RCR flows from mid November through April.  Once it starts raining, it takes about 3 days for the cracks and interstices in the surrounding mountainous area to become saturated; once this has occurred, surface water flows through the culvert. Precipitation in the area is steady through the winter months (Figure 7).
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Figure 7: 30 Year Average daily precipitation data for the Gasquet Ranger Station (GRS, 2006).

An average value for flow is based on interviews with both the caretaker and the neighbor.  Although greater flow rates are often present, the catchment system should be designed to deliver 100 GPM to the powerhouse (Figure 9).


[image: image10]
Figure 8: Winter flows at Micro-hydro site.
Power Available/Delivered

The gross power is derived from the potential energy embodied in the falling water over time. For this site, 100GPM and 72 feet drop (less 3 feet for the intake system) are assumed. Sizing calculations for the micro-hydro system are displayed in the Appendix D.  Maximum velocity is calculated and used to find the minimum diameter pipe. It is imperative in micro-hydro systems that the pipe not be undersized.  

Maximum pressure is calculated using the drop and the specific weight of water and that value is used to determine the specific pipe size for the application. The friction losses for the associated pipe and components are calculated (OSE, 2006) and used in the potential energy equation along with efficiency of the generation to get the net power available from the micro-hydro generator 

(Table 5).
Table 5: Associated values used to specify Micro-hydro system design
	Drop
	69 feet

	Flow
	100 GPM

	Gross Power
	1301.51 Watts

	Maximum Velocity
	20.31 m/s

	Minimum Pipe area
	4.66 cm2

	Minimum Pipe diameter
	2.44 cm

	Maximum Pressure
	29.9 psi

	Pipe Size Sched 40 PVC
	3 inch

	Head loss Pipe
	4.75 ft

	Head loss Elbows 
	0.26 ft

	Head loss Gate Valve
	0.37 ft

	Efficiency
	0.4

	Net Power
	480 Watts


The calculated net power is 480 W, which will produce approximately 12 kW-hr/day.  One quarter of this amount, 3kW-h/day, is sufficient to meet all electric loads at both sites during the winter.  The remaining power, 9kWh/day, is sufficient to heat 45 gallons of water per day from 55°F to 120°F with an electric hot water heater (WSU, 2003).
Micro-hydro System Description

We selected a 600W HV generator mounted in Harris housing with a brushless permanent magnet alternator and a bronze Harris Pelton wheel.  This system is suggested for flows from 10 to 600 gpm.  At 300W, efficiency is 60%.  This system outputs 120V wild AC, and includes rectifier and transformer to reduce the voltage to 12V.
Table 6: Micro-hydro Generator Specifications (HP, 2006)
	Model
	Max Power
	Flow Rate @ 50psi
	Transmission Voltage
	Battery Voltage
	Nozzles
	Wheel

	HV 600
	600 W
	50gpm
	120 VAC
	12 V
	2
	Pelton


The system selected was specified to run with an efficiency of 60 percent for a pressure of 50 psi (Table 6).  However, for the location, the maximum pressure was calculated to be 31 psi, so the lower value of 40% for efficiency is probably safe and may even be a slight overestimate.

The long house and the ranch house will receive power from the micro-hydro powerhouse via 2 sets of wires: 1 set is estimated to be 993 feet long and the other is estimated to be 315 feet long.  In order for the system to function properly the voltage drop in these two wires should be the same.  In order to balance these two quantities a relationship between wire resistance and wire length is used to size the wires.  For the section of wire from the powerhouse to the ranch house we specified 6 gauge copper since a section of that length is already wired with this size wire.  The voltage drop for the wire run is less than 3%.  With the assumption of 6 gauge wire for the longer wire, the shorter wire should be 11 gauge.  Calculations are shown in Appendix D.
Since 11 gauge wire is not commonly available, we recommend using either ½ 12 gauge wire and ½ 10 gauge wire or adjusting the wire length to approximate the voltage drop from 11 gauge wire.   

Each site will need a rectifier, a transformer, a diversion type charge controller and a diversion load.  The Outback MX-60 and the Xantrex C-60 can both be utilized as a diversion type charge controllers.
The diversion load takes excess power and diverts it to a heat load. This heat load can be utilized to heat water or a living space. If used with a water heater, a thermostat should be installed along with a secondary diversion load to protect the water heater from over heating and building up pressure. As a secondary heating load, water can be heated in an uncontained vessel such as a hot tub where no pressure is allowed to build up. For each site, a rectifier and transformer are required to convert the 120V wild AC to 12V DC.  One set is included with the micro-hydro system; the other will have to be purchased separately. The following schematics show the complete system, its components, and the associated wire sizes.  The recommended new components for phase II are summarized in Table 7, and shown in Figures 10 and 11.  

Table 7: Summary of additional micro-hydro System components.

	Turbine and generator
	Harris HV 600

	Pipe
	220 ft. schedule 40 3” PVC

	3 X elbows
	135° 3 inch PVC

	1 gate valve
	3 inch PVC

	2 Transformer and rectifier
	1 Included with HV 600 (120/12V)

	2 Diversion loads
	60A

	6 gauge copper wire
	793 feet (assumes 200 ft already laid)

	11 gauge copper wire
	315 feet

	Intake system
	Flume and sediment basin

	Powerhouse
	For turbine/generator


Another important aspect of the micro-hydro system is the catchment system. Although we have not engineered this aspect of the system, it should be sturdy and able to withstand high winter flows and ice.  Due to the rocky nature of the geology, a large quantity of granite sand and gravel is expected to flow through the culvert and into the intake. The catchment should be sized to account for settling of this contaminant as it will grind up the bronze Pelton wheel.

The locations of the renewable energy system elements are shown in Figure 11.
[image: image11.emf]
Figure 9: Schematic of Phase II Ranch House 

[image: image12.emf]
Figure 10: Schematic Phase II Long House


[image: image13]
Figure 11: Location of system elements at Rock Creek Ranch site

4. Economic Analysis

The overall cost for the proposed design was divided into two phases as per the plan of action. Costs for both sections were determined separately, as micro-hydro was assumed to be implemented later. Capital, operation and maintenance, replacement, and energy costs were studied to perform cost analysis over the life cycle of the project. The life cycle cost is given by:
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                       Equation 1: Life Cycle cost
where,

	C
	=
	capital costs

	M
	=
	Operation and maintenance costs

	R
	=
	costs for repair and replacement of equipments

	E
	=
	costs for energy use, gasoline prices for generator

	S
	=
	salvage value of the project


The project is assumed to have a life cycle of 30 years with 4% discount rate. The salvage value is estimated to be 20% of the capital costs. 
4.1. Phase I

We evaluated two alternatives economically to present a cost effective design that meets the project objective. Alternative 1 involves 12 panels at 72 V at the ranch house with 2 maximum power point tracking controllers in parallel charging 10 batteries which are connected to a 2512 inverter. For the same alternative, the long house system entails 8 panels with 1 controller charging 6 batteries linked to a 1512 inverter. Alternative 2 examines fewer panels at both locations; for the ranch house 10 instead of 12 and for the long house 6 instead of 8. Except for the wire sizes, the rest of the system components for both alternatives are the same. A list of detailed system component and prices for both alternatives is summarized in Appendix E.
Capital cost is the expenditure required at the present time to implement the proposed design. Rock Creek Ranch already owns certain equipment such as panels, batteries, charge controller, and an inverter. Both options utilize existing elements of the system. The cost of these elements is not considered in the estimation of capital costs. Operation and maintenance costs are associated with the cost of labor required to operate and maintain the proposed PV system. The capital and present worth of O&M costs for both alternatives can be found in Tables 10 and 11.
Replacement and repair costs of system components are also accounted for in the life cycle cost analysis to allow for the wear and tear of the devices. The lifespan of the batteries was assumed to be 6 years as suggested by the client. We specified the lifespan of the charge controllers and inverters at 10 years. We estimated that the generator would need to be replaced every 15 years if micro-hydro were not put into operation. Present value calculations for replacement costs are summarized in Tables 10 and 11.
We also examined the non-renewable energy costs for the project.  These costs are mostly due to the use of a generator that is fueled by gasoline.  The Honda EM5000S gasoline generator at the site is reported in the manual to run at the rated power output of 4500W for 8.3 hours on 6.6 gallons of gas, a rate of 5.66kWh/gal.  At half-power, it reportedly runs for 12.8 hours.  Interpolating from these numbers, the reported charging rate of 14A is equivalent to 3.26kWh/gal.  Gasoline contains 34kWh/gallon.
The number of gallons required to meet loads at each location, assuming a 95% efficient battery charger, 80% efficient batteries, 95% efficient wire runs, and a 90% efficient inverter, are shown in Table 8.  For comparison purposes, numbers are shown for 100% dependency on the generator as well as after installation of the solar system.

Table 8: Gallons of gasoline required to meet loads at each location.
	Ranch house plus caretaker’s cabin

	
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Annual

	No PV panels
	37.5
	33.9
	37.5
	36.3
	37.5
	52.2
	54.0
	54.0
	52.2
	37.5
	36.3
	37.5
	506.2

	10 PV panels
	35.7
	14.5
	13.5
	6.7
	0.0
	0.0
	0.0
	2.2
	8.0
	8.2
	31.1
	36.8
	156.7

	12 PV panels
	35.3
	10.6
	8.7
	0.5
	0.0
	0.0
	0.0
	0.0
	0.0
	2.4
	30.1
	36.6
	124.3

	Long house

	No PV panels
	11.0
	10.0
	11.0
	10.7
	11.0
	20.1
	20.8
	20.8
	20.8
	11.0
	10.7
	11.0
	169.1

	6 PV panels
	8.9
	2.9
	1.0
	0.0
	0.0
	0.0
	0.0
	0.7
	3.1
	0.0
	7.5
	9.6
	33.6

	8 PV panels
	8.1
	0.7
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	6.6
	9.1
	24.5


Based on the estimated generator use, we determined gasoline costs for a 30 year period (Table 9).  The price of gas at the present time was assumed to be $2.93/gal.  Fuel was assumed to increase at a rate of 1.7 % over the general inflation rate (CNN, 2006).  A discount rate of 4% was used.  Alternative 1 is 12 panels at the ranch house and 8 panels at the long house; alternative 2 is 10 panels at the ranch house and 6 panels at the long house.
Table 9: Energy costs for alternatives
	Case
	Estimated Energy Cost

	No Panels
	$42,761

	Alternative 1
	$9,419

	Alternative 2
	$12,049


The life cycle cost analysis for both alternatives is summarized in Table 10 and Table 11. The cost for excavating trenches for wire runs is a very rough estimate.  The prices of other components of a PV system such as circuit breakers and miscellaneous items are also estimated. 
Table 10: Alternative 1 life cycle costs
	Ranch House

	Capital
	Single Present Worth Year
	Capital costs
	Present Worth Factor
	Present Worth

	Item
	 
	$
	#
	$

	PV Panels (2)
	 
	1,236.00
	1.00
	1,236.00

	Charge Controller (1)
	 
	649.00
	1.00
	649.00

	Wires
	 
	1298.80
	1.00
	1298.80

	Fuse Slow Blow
	 
	15.21
	1.00
	15.21

	Batteries (10)
	 
	1,999.50
	1.00
	1,999.50

	Mounts
	 
	840.00
	1.00
	840.00

	Installation
	 
	500.00
	1.00
	500.00

	175 Amp disconnect
	
	375.00
	1.00
	375.00

	Trench to orchard
	
	500.00
	1.00
	500.00

	AC/DC panels, misc
	
	500.00
	1.00
	500.00

	Total
	 
	7913.51
	 
	7913.51

	O&M Annual
	 
	Costs ($/year)
	Present Worth Factor
	Present Worth

	 
	 
	100
	17.29
	1729.20

	Energy
	 
	Costs ($/year)
	Present Worth Factor
	Present Worth

	Fuel costs
	 
	364.08
	21.61
	7868.38

	Replacement/Repair
	 
	Costs ($/year)
	Present Worth Factor
	Present Worth

	Battery
	6
	1,999.50
	0.79
	1,580.23

	Battery
	12
	1,999.50
	0.62
	1,248.88

	Battery
	18
	1,999.50
	0.49
	987.01

	Battery
	24
	1,999.50
	0.39
	780.05

	Charge Controller
	10
	649.00
	0.68
	438.44

	Charge Controller
	20
	649.00
	0.46
	296.20

	Inverter
	15
	1,299.00
	0.56
	721.29

	Generator
	15
	2,681.95
	0.56
	1,489.19

	Total
	 
	 
	 
	7,541.29

	Salvage Value
	 
	2,578.46
	0.31
	794.99

	LCC
	 
	 
	 
	24,257.39

	Long House

	Capital
	Single Present Worth Year
	Capital costs
	Present Worth Factor
	Present Worth

	Item
	 
	$
	#
	$

	Panels
	 
	958.32
	1.00
	958.32

	Inverter
	 
	799.00
	1.00
	799.00

	Charge Controller
	 
	167.16
	1.00
	167.16

	Fuse Slow Blow
	 
	15.21
	1.00
	15.21

	Wires
	 
	69.56
	1.00
	69.56

	Roof Mount
	 
	258.00
	1.00
	258.00

	100 Amp disconnect
	
	325.00
	1.00
	325.00

	AC Panel, misc
	
	350.00
	1.00
	350.00

	Installation
	 
	500.00
	1.00
	500.00

	Total
	 
	3442.25
	 
	3442.25

	O&M Annual
	 
	Costs ($/year)
	Present Worth Factor
	Present Worth

	 
	 
	100
	17.29
	1729.20

	Energy
	 
	Costs ($/year)
	Present Worth Factor
	Present Worth

	Fuel costs
	 
	71.77
	21.61
	1551.02

	Replacement/Repair
	 
	Costs ($/year)
	Present Worth Factor
	Present Worth

	Battery
	6
	1,199.70
	0.79
	948.14

	Battery
	12
	1,199.70
	0.62
	749.33

	Battery
	18
	1,199.70
	0.49
	592.21

	Battery
	24
	1,199.70
	0.39
	468.03

	Charge Controller
	10
	167.16
	0.68
	113.67

	Charge Controller
	20
	167.16
	0.46
	76.89

	Inverter
	15
	799.00
	0.56
	443.66

	Total
	 
	 
	 
	3,391.93

	Salvage Value
	 
	545.42
	0.31
	168.16

	LCC
	 
	 
	 
	9,946.25


Table 11: Alternative 2 life cycle costs
	Ranch House

	Capital
	Single Present Worth Year
	Capital costs
	Present Worth Factor
	Present Worth

	Item
	 
	$
	#
	$

	Charge Controller
	 
	649.00
	1.00
	649.00

	Wires
	 
	1,694.36
	1.00
	1,694.36

	Batteries
	 
	1,999.50
	1.00
	1,999.50

	Fuse Slow Blow
	 
	15.21
	1.00
	15.21

	Mounts
	 
	840.00
	1.00
	840.00

	175 Amp disconnect
	
	375.00
	1.00
	375.00

	Trench to orchard
	
	500.00
	1.00
	500.00

	AC/DC panels, misc
	
	500.00
	1.00
	500.00

	Installation
	 
	500.00
	1.00
	500.00

	Total
	 
	7073.07
	 
	7073.07

	O&M Annual
	 
	Costs ($/year)
	Present Worth Factor
	Present Worth

	 
	 
	100.00
	17.29
	1,729.20

	Energy
	 
	Costs ($/year)
	Present Worth Factor
	Present Worth

	Fuel costs
	 
	459.09
	21.61
	9,921.72

	Replacement/Repair
	 
	Costs ($/year)
	Present Worth Factor
	Present Worth

	Battery
	6
	1,999.50
	0.79
	1,580.23

	Battery
	12
	1,999.50
	0.62
	1,248.88

	Battery
	18
	1,999.50
	0.49
	987.01

	Battery
	24
	1,999.50
	0.39
	780.05

	Charge Controller
	10
	649.00
	0.68
	438.44

	Charge Controller
	20
	649.00
	0.46
	296.20

	Inverter
	15
	1,299.00
	0.56
	721.29

	Generator
	15
	2,681.95
	0.56
	1,489.19

	Total
	 
	 
	 
	7,541.29

	Salvage Value
	 
	2,627.21
	0.31
	810.02

	LCC
	 
	 
	 
	25,455.26

	Long House

	Capital
	Single Present Worth Year
	Capital costs
	Present Worth Factor
	Present Worth

	Item
	 
	$
	#
	$

	Inverter
	 
	799.00
	1.00
	799.00

	Charge Controller
	 
	167.16
	1.00
	167.16

	Fuse Slow Blow
	 
	15.21
	1.00
	15.21

	Wires
	 
	69.56
	1.00
	69.56

	Roof Mount
	 
	258.00
	1.00
	258.00

	100 Amp disconnect
	
	325.00
	1.00
	325.00

	AC Panel, misc
	
	350.00
	1.00
	350.00

	Installation
	 
	500.00
	1.00
	500.00

	Total
	 
	2483.93
	 
	2483.93

	O&M Annual
	 
	Costs ($/year)
	Present Worth Factor
	Present Worth

	 
	 
	100
	17.29
	1729.20

	Energy
	 
	Costs ($/year)
	Present Worth Factor
	Present Worth

	Fuel costs
	 
	98.42
	21.61
	2127.00

	Replacement/Repair
	 
	Costs ($/year)
	Present Worth Factor
	Present Worth

	Battery
	6
	1,199.70
	0.79
	948.14

	Battery
	12
	1,199.70
	0.62
	749.33

	Battery
	18
	1,199.70
	0.49
	592.21

	Battery
	24
	1,199.70
	0.39
	468.03

	Charge Controller
	10
	167.16
	0.68
	113.67

	Charge Controller
	20
	167.16
	0.46
	76.89

	Inverter
	15
	799.00
	0.56
	443.66

	Total
	 
	 
	 
	3,391.93

	Salvage Value
	 
	353.76
	0.31
	109.07

	LCC
	 
	 
	 
	9,623.00


The life cycle cost of option 1 is $34,203 and of option 2 is $35,078.  Option 1 includes a total of 20 panels whereas option 2 proposes 16 panels. The difference between the costs of two options is due to energy costs. With 20 panels, a larger investment at the present time saves the expenditure on gasoline over the 30 year lifespan. 
We also performed a sensitivity analysis on the costs of two alternatives assuming changes in the escalation rate (the assumed increase in gas prices above inflation) (Table 12). As the assumed fuel costs increase, a larger difference is observed between the two options. A discontinuity exists when escalation rate is equal to the discount rate as the mathematical expression crashes.
Table 12: Sensitvity on life cycle costs based on escalation rate
	Esc. Rate
	PW Factor
	16 panel option
	20 panel option

	2.00%
	22.52
	$35,513.56
	$34,093.47

	2.50%
	24.14
	$36,418.49
	$34,800.92

	3.00%
	25.92
	$37,409.19
	$35,575.43

	3.50%
	27.86
	$38,494.71
	$36,424.06

	4.00%
	N/A
	N/A
	N/A

	4.50%
	32.34
	$40,991.34
	$38,375.86

	5.00%
	34.92
	$42,425.91
	$39,497.38

	5.50%
	37.74
	$44,002.46
	$40,729.89

	6.00%
	40.85
	$45,736.17
	$42,085.26

	6.50%
	44.28
	$47,643.87
	$43,576.66

	7.00%
	48.04
	$49,744.28
	$45,218.70

	7.50%
	52.19
	$52,058.11
	$47,027.60


4.2. Phase II

The second phase of the design is to harness energy from a culvert located 315 ft. south of longhouse.  We evaluated the present worth for implementation of this phase. The breakdown of prices for each component of the micro-hydro system can be found in Appendix E. An important component of a micro-hydro system is a settling basin that collects all the debris to minimize damage to the turbine. We have not designed a settling basin for this project due to time and expertise constraints.  All construction costs are very rough estimates.  The diversion load shown in the table can be purchased if no other suitable diversion load already exists.  The life cycle cost analysis of phase II is shown in Table 13. With the completion of phase II, we expect that the energy costs of phase I will be replaced by the cost of micro-hydro system. Application of micro-hydro is more cost effective than using a generator for winter months.
Table 13: Life cycle cost for Phase II (micro-hydro)

	Capital
	Single Present Worth Year
	Capital costs
	Present Worth Factor
	Present Worth

	Item
	
	$
	#
	$

	600 W Pelton Wheel with Rectifier (e)
	
	2,500.00
	1.00
	2,500.00

	2nd Transformer/Rectifier (e)
	
	50.00
	1.00
	50.00

	Diversion Load (e)
	
	450.00
	1.00
	450.00

	Pipe
	
	538.75
	1.00
	538.75

	Wires to RH
	
	1538.42
	1.00
	1538.42

	Wires to LH
	
	239.40
	1.00
	239.40

	Intake/sediment basin
	
	2000.00
	1.00
	2000.00

	Trench
	
	500.00
	1.00
	500.00

	Powerhouse
	
	500.00
	1.00
	500.00

	Construction costs
	
	2000.00
	1.00
	2000.00

	Total
	
	10,316.57
	
	10,316.57

	O&M Annual
	
	Costs ($/year)
	Present Worth Factor
	Present Worth

	 
	
	100.00
	17.29
	1,729.20

	Replacement/Repair
	
	Costs ($/year)
	Present Worth Factor
	Present Worth

	Pelton Wheel
	15
	2,500.00
	0.56
	1,388.16

	Transformer/Rectifier
	15
	50.00
	0.56
	27.76

	Subtotal
	 
	 
	 
	3145.12

	Salvage Value
	 
	107.75
	1.00
	107.75

	LCC
	 
	 
	 
	13,326.18


5. Recommendations

Based on the design and cost analysis, Survey and Design Experts propose the following:
1. A PV system of 12 115W panels at the ranch house with two MX 60 MPPT charge controllers in parallel connected to 10 6V UL-16 batteries and a 2512 inverter; a system of 8 75W panels at the long house with one Xantrex C-60 charge controller linked to 6 6V UL-16 batteries and a 1512 inverter OR
2. A PV system consisting of 10 115W panels at the ranch house and 6 75W panels at the long house;

3. A micro-hydro system with a 600W AC turbine/generator with shunt controllers, transformer-rectifiers, and diversion loads.
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7. Appendices

A. Available Data

Solar Insolation

	Location Gasquet California 
	Elevation 
	500 ft.

	Latitude 41° 50' 45"  
	41.8
	Agency 
	USFS

	Longitude 123° 58' 45"
	124
	NESS ID 
	3239C028

	
	
	NWS ID 
	040102


	Months
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Insolation (kWh/day)
	0.76
	1.86
	2.84
	4.04
	5.6
	6.9
	7.19
	6
	4.74
	2.6
	1.12
	0.54

	Tilt = 42°:
	0.703
	2.421
	3.176
	3.934
	4.901
	5.689
	6.077
	5.677
	5.358
	3.449
	1.091
	0.491

	Monthly tilt = φ - δ:
	0.65
	2.48
	3.24
	4.16
	5.52
	6.69
	7.02
	6.13
	5.5
	3.54
	1.03
	0.44

	Static tilt = φ:
	0.722
	2.469
	3.249
	4.037
	5.045
	5.866
	6.262
	5.831
	5.479
	3.516
	1.120
	0.505

	Static tilt = φ - 15°
	0.755
	2.347
	3.233
	4.204
	5.448
	6.472
	6.859
	6.152
	5.465
	3.335
	1.152
	0.531

	Insolation available after shading at orchard, assuming tree cuts:
	29%
	90%
	77%
	77%
	77%
	93%
	94%
	88%
	87%
	86%
	54%
	17%


Micro-hydro

	Station
	Where the tripod is set.

	BS
	Back shoot

	FS
	Forward Shoot

	HI
	Height of the instrument

	Elevation
	

	Station
	BS (ft)
	HI (ft)
	FS (ft)
	Elevation (ft)

	 
	+
	 
	-
	 

	Temporary bench mark
	5.67
	105.67
	 
	100

	Station 1
	 
	 
	0.96
	104.71

	 
	11.72
	116.43
	 
	 

	Station 2
	 
	 
	4.61
	111.82

	 
	14.86
	126.68
	 
	 

	Station 3
	 
	 
	2.32
	124.36

	 
	25.04
	149.4
	 
	 

	Station 4
	 
	 
	1.86
	147.54

	 
	22.23
	169.77
	 
	 

	Station 5
	 
	 
	1.18
	168.59

	Station 6
	 
	 
	 
	3.32

	Total elevation  (ft)
	 
	 
	 
	171.91

	Net elevation (ft)
	 
	 
	 
	71.91


B. Load Analysis

Ranch House summer: June - September
	
	
	
	
	
	
	
	
	
	Whr

/day
	Whr

/day

	
	
	
	
	
	
	Watts
	Watts
	Use
	Use
	Day 
	
	

	Location
	Appliance
	Notes
	#
	V 
	A
	AC
	DC
	Hrs/Day
	Days/Wk
	in Wk
	AC
	DC

	South Living Room
	
	
	
	
	
	
	
	
	
	
	
	

	
	radio
	phantom
	1
	
	
	11
	
	
	
	7
	0
	

	
	radio 
	in use
	1
	
	
	24
	
	8
	1
	7
	27
	

	
	CFL bulb
	east side
	1
	
	
	27
	
	2
	7
	7
	54
	

	
	
	west side
	1
	
	
	26
	
	2
	7
	7
	52
	

	
	light bulb
	Floor lamp
	1
	
	
	17
	
	
	
	7
	0
	

	
	vacuum
	in use
	1
	
	
	1150
	
	0.5
	2
	7
	164
	

	Kitchen
	
	
	
	
	
	
	
	
	
	
	
	

	
	light fixture
	brown (2 bulbs)
	2
	
	
	13
	
	2
	7
	7
	52
	

	
	
	above sink (2)
	1
	
	
	39
	
	2
	7
	7
	78
	

	
	
	above stove (2)
	2
	
	
	15
	
	2
	7
	7
	60
	

	
	coffee grinder
	shade grown
	1
	
	
	107
	
	0.03
	7
	7
	4
	

	
	exhaust fan
	in use
	1
	
	
	75.6
	
	2
	1
	7
	22
	

	
	cell phone
	stand-by
	1
	12
	0.5
	
	6
	23.9
	7
	7
	
	143

	
	
	in use
	1
	12
	2.1
	
	25
	1
	1
	7
	
	3.6

	
	blender
	
	1
	
	
	255
	
	0.5
	1
	7
	18
	

	
	fridge
	Sunfrost RF-19
	
	
	
	
	
	
	
	
	
	770

	Laundry
	
	
	
	
	
	
	
	
	
	
	
	

	
	dryer
	Maytag performa
	1
	
	
	300
	
	1.4
	3
	7
	180
	

	
	washer
	Roper
	1
	
	
	725
	
	1
	3
	7
	311
	 

	
	fridge
	Sunfrost R-10
	1
	
	
	
	
	
	
	7
	
	280

	
	light fixture
	south
	1
	
	
	13
	
	2
	7
	7
	26
	

	
	
	north
	1
	
	
	20
	
	2
	7
	7
	40
	

	
	
	hallway
	1
	
	
	15
	
	2
	7
	7
	30
	

	
	
	south solar tube
	1
	
	
	23
	
	2
	7
	7
	46
	

	
	
	north solar tube
	1
	
	
	23
	
	2
	7
	7
	46
	

	Bedroom Hallway
	
	
	
	
	
	
	
	
	
	7
	
	

	
	light fixture
	
	1
	
	
	15
	
	2
	7
	7
	30
	

	Tool Room
	
	
	
	
	
	
	
	
	
	7
	0
	

	
	battery charger
	Makita
	1
	
	
	35
	
	0.5
	4
	7
	10
	

	
	
	Makita
	1
	
	
	35
	
	0.5
	4
	7
	10
	

	
	
	Makita
	1
	
	
	60
	
	0.5
	4
	7
	17
	

	
	light fixture
	above sink
	1
	
	
	15
	
	2
	7
	7
	30
	

	North Bedroom
	
	
	
	
	
	
	
	
	
	7
	
	

	
	light fixture
	2 bulbs
	1
	
	
	35
	
	2
	7
	7
	70
	

	N.East Bedroom
	
	
	
	
	
	
	
	
	
	7
	
	

	
	light fixture
	ceiling
	1
	
	
	16
	
	2
	7
	7
	32
	

	
	
	Floor lamp
	1
	
	
	20
	
	2
	7
	7
	40
	

	N.West Bedroom (with paintings)
	
	
	
	
	
	
	
	
	7
	0
	

	
	light fixture
	floor lamp
	1
	
	
	14
	
	2
	7
	7
	28
	

	
	
	ceiling
	1
	
	
	20
	
	2
	7
	7
	40
	

	
	
	closet (overhead)
	1
	
	
	unused
	
	
	
	7
	
	

	
	fan
	
	1
	
	
	36
	
	
	
	7
	0
	

	South Bedroom
	
	
	
	
	
	
	
	
	
	7
	
	

	
	light fixture
	floor lamp
	1
	
	
	15
	
	2
	7
	7
	30
	

	
	
	ceiling
	1
	
	
	15
	
	2
	7
	7
	30
	

	
	space heater
	
	1
	
	
	600-1500
	
	
	
	7
	
	

	South Bathroom (off of bedroom)
	
	1
	
	
	
	
	
	
	7
	
	

	
	light fixture
	2 bulbs
	2
	
	
	14
	
	2
	7
	7
	56
	

	
	
	2 bulbs
	2
	
	
	14
	
	2
	7
	7
	56
	

	
	
	overhead fan
	1
	
	
	133.2
	
	0
	7
	7
	0
	

	
	fan
	exhaust
	1
	
	
	15
	
	0.5
	7
	7
	8
	

	East Living Room
	
	
	
	
	
	
	
	
	
	7
	
	

	
	light fixture
	
	1
	
	
	20
	
	2
	7
	7
	40
	

	
	
	2 bulbs
	2
	
	
	20
	
	2
	7
	7
	80
	

	Outside Deck
	
	
	
	
	
	
	
	
	
	7
	0
	

	
	light fixture
	s.deck
	1
	
	
	120
	
	2
	1
	7
	34
	

	
	
	east side
	1
	
	
	20
	
	2
	1
	7
	6
	

	
	
	N. east
	1
	
	
	120
	
	2
	1
	7
	34
	

	
	
	W. path
	1
	
	
	120
	
	2
	1
	7
	34
	

	
	
	W. porch
	1
	
	
	15
	
	2
	1
	7
	4
	

	Garage
	
	
	
	
	
	
	
	
	
	7
	
	

	
	lights
	(don't use)
	2
	
	
	100
	
	
	
	7
	
	

	
	air compressor
	
	1
	
	
	1800
	
	
	
	7
	0
	

	
	shop vacuum
	
	1
	
	
	1440
	
	
	
	7
	0
	

	
	lights
	in workshop
	2
	
	
	23
	
	8
	1
	7
	53
	

	
	radio
	workshop
	1
	
	
	1
	
	
	
	7
	0
	

	
	light
	workshop
	1
	
	
	13
	
	
	
	7
	0
	

	
	light bulb
	outside
	1
	
	
	100
	
	
	
	7
	0
	

	
	
	outside
	1
	
	
	75
	
	
	
	7
	0
	

	
	battery charger
	4 hrs.
	1
	
	
	2400
	
	
	
	7
	
	

	
	
	2 hrs.
	1
	
	
	480
	
	
	
	7
	
	

	Generator Shed
	
	
	
	
	
	
	
	
	
	7
	
	

	
	lights
	3 bulbs
	3
	
	
	25
	
	1
	1
	7
	11
	

	
	generator
	Honda
	1
	
	
	13-14 amps
	
	
	
	
	
	

	
	
	Onen
	1
	
	
	20 amps
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	AC Whr/day
	DC Whr/day

	
	
	
	
	
	
	
	
	
	
	
	Total
	Total

	
	
	
	
	
	
	
	
	
	
	
	1993
	1197


Ranch House winter: October - May
	
	
	
	
	
	
	
	
	
	Whr

/day
	Whr

/day

	
	
	
	
	
	
	Watts
	Watts
	Use
	Use
	Days 
	
	

	Location
	Appliance
	Notes
	#
	V 
	A
	AC
	DC
	Hrs/Day
	Days/Wk
	in Wk
	AC
	DC

	South Living Room
	
	
	
	
	
	
	
	
	
	
	
	

	
	radio
	phantom
	1
	
	
	11
	
	
	
	7
	0
	

	
	radio 
	in use
	1
	
	
	24
	
	8
	7
	7
	192
	

	
	CFL bulb
	east side
	1
	
	
	27
	
	1
	7
	7
	27
	

	
	
	west side
	1
	
	
	26
	
	1
	7
	7
	26
	

	
	light bulb
	Floor lamp
	1
	
	
	17
	
	8
	7
	7
	136
	

	
	vacuum
	in use
	1
	
	
	1150
	
	0.5
	1
	7
	82
	

	Kitchen
	
	
	
	
	
	
	
	
	
	
	
	

	
	light fixture
	brown (2 bulbs)
	2
	
	
	13
	
	1
	7
	7
	26
	

	
	
	above sink (2)
	1
	
	
	39
	
	1
	7
	7
	39
	

	
	
	above stove (2)
	2
	
	
	15
	
	1
	7
	7
	30
	

	
	coffee grinder
	
	1
	
	
	107
	
	0.02
	7
	7
	2
	

	
	exhaust fan
	in use
	1
	
	
	75.6
	
	0.5
	1
	7
	5
	

	
	cell phone
	stand-by
	1
	12
	0.5
	
	6
	23.6
	7
	7
	
	142

	
	
	in use
	1
	12
	2.1
	
	25
	3
	1
	7
	
	10.8

	
	blender
	
	1
	
	
	255
	
	0
	1
	7
	0
	

	
	fridge
	Sunfrost RF-19
	
	
	
	
	
	
	
	
	
	400

	Laundry
	
	
	
	
	
	
	
	
	
	
	
	

	
	dryer
	Maytag performa
	1
	
	
	300
	
	1.4
	2
	7
	120
	

	
	washer
	Roper
	1
	
	
	725
	
	1
	2
	7
	207
	

	
	fridge
	Sunfrost R-10
	1
	
	
	
	
	
	
	7
	
	0

	
	light fixture
	south
	1
	
	
	13
	
	1
	7
	7
	13
	

	
	
	north
	1
	
	
	20
	
	1
	7
	7
	20
	

	
	
	hallway
	1
	
	
	15
	
	1
	7
	7
	15
	

	
	
	south solar tube
	1
	
	
	23
	
	1
	7
	7
	23
	

	
	
	north solar tube
	1
	
	
	23
	
	1
	7
	7
	23
	

	Bedroom Hallway
	
	
	
	
	
	
	
	
	
	7
	
	

	
	light fixture
	
	1
	
	
	15
	
	1
	7
	7
	15
	

	Tool Room
	
	
	
	
	
	
	
	
	
	7
	0
	

	
	battery charger
	Makita
	1
	
	
	35
	
	0.5
	2
	7
	5
	

	
	
	Makita
	1
	
	
	35
	
	0.5
	2
	7
	5
	

	
	
	Makita
	1
	
	
	60
	
	0.5
	2
	7
	9
	

	
	light fixture
	above sink
	1
	
	
	15
	
	1
	7
	7
	15
	

	North Bedroom
	
	
	
	
	
	
	
	
	
	7
	
	

	
	light fixture
	2 bulbs
	1
	
	
	35
	
	1
	7
	7
	35
	

	N.East Bedroom
	
	
	
	
	
	
	
	
	
	7
	
	

	
	light fixture
	ceiling
	1
	
	
	16
	
	1
	7
	7
	16
	

	
	
	Floor lamp
	1
	
	
	20
	
	1
	7
	7
	20
	

	N.West Bedroom (with paintings)
	
	
	
	
	
	
	
	
	7
	0
	

	
	light fixture
	floor lamp
	1
	
	
	14
	
	1
	7
	7
	14
	

	
	
	ceiling
	1
	
	
	20
	
	1
	7
	7
	20
	

	
	
	closet (overhead)
	1
	
	
	unused
	
	
	
	7
	
	

	
	fan
	
	1
	
	
	36
	
	
	
	7
	0
	

	South Bedroom
	
	
	
	
	
	
	
	
	
	7
	
	

	
	light fixture
	floor lamp
	1
	
	
	15
	
	1
	7
	7
	15
	

	
	
	ceiling
	1
	
	
	15
	
	1
	7
	7
	15
	

	
	space heater
	
	1
	
	
	600-1500
	
	
	
	7
	
	

	South Bathroom (off of bedroom)
	
	1
	
	
	
	
	
	
	7
	
	

	
	light fixture
	2 bulbs
	2
	
	
	14
	
	1
	7
	7
	28
	

	
	
	2 bulbs
	2
	
	
	14
	
	1
	7
	7
	28
	

	
	
	overhead fan
	1
	
	
	133.2
	
	0
	7
	7
	0
	

	
	fan
	exhaust
	1
	
	
	15
	
	0
	7
	7
	0
	

	East Living Room
	
	
	
	
	
	
	
	
	
	7
	
	

	
	light fixture
	
	1
	
	
	20
	
	1
	7
	7
	20
	

	
	
	2 bulbs
	2
	
	
	20
	
	1
	7
	7
	40
	

	Outside Deck
	
	
	
	
	
	
	
	
	
	7
	0
	

	
	light fixture
	s.deck
	1
	
	
	120
	
	0
	1
	7
	0
	

	
	
	east side
	1
	
	
	20
	
	0
	1
	7
	0
	

	
	
	N. east
	1
	
	
	120
	
	0
	1
	7
	0
	

	
	
	W. path
	1
	
	
	120
	
	0
	1
	7
	0
	

	
	
	W. porch
	1
	
	
	15
	
	0
	1
	7
	0
	

	Garage
	
	
	
	
	
	
	
	
	
	7
	
	

	
	lights
	(don't use)
	2
	
	
	100
	
	
	
	7
	
	

	
	air compressor
	
	1
	
	
	1800
	
	
	
	7
	0
	

	
	shop vacuum
	
	1
	
	
	1440
	
	
	
	7
	0
	

	
	lights
	in workshop
	2
	
	
	23
	
	16
	1
	7
	105
	

	
	radio
	workshop
	1
	
	
	1
	
	
	
	7
	0
	

	
	light
	workshop
	1
	
	
	13
	
	
	
	7
	0
	

	
	light bulb
	outside
	1
	
	
	100
	
	
	
	7
	0
	

	
	
	outside
	1
	
	
	75
	
	
	
	7
	0
	

	
	battery charger
	4 hrs.
	1
	
	
	2400
	
	
	
	7
	
	

	
	
	2 hrs.
	1
	
	
	480
	
	
	
	7
	
	

	Generator Shed
	
	
	
	
	
	
	
	
	
	7
	
	

	
	lights
	3 bulbs
	3
	
	
	25
	
	1
	1
	7
	11
	

	
	generator
	Honda
	1
	
	
	13-14 amps
	
	
	
	
	
	

	
	
	Onen
	1
	
	
	20 amps
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	AC Whr/day
	DC Whr/day

	
	
	
	
	
	
	
	
	
	
	
	Total
	Total

	
	
	
	
	
	
	
	
	
	
	
	1402
	552


Long House Summer: June-Sept
	
	
	
	
	Watts
	Watts
	Use
	Use
	Days 
	Whr
	Whr

	Appliance
	#
	Volts 
	Amps
	AC
	DC
	Hrs/Day
	Days/Wk
	in Week
	AC
	DC

	General Lights
	4
	
	
	26
	
	3
	7
	7
	312
	

	General Lights
	4
	
	
	26
	
	3
	7
	7
	312
	

	Sunfrost R10 Fridge
	1
	
	
	
	
	
	
	
	280
	

	Coffee Grinder
	1
	
	
	107
	
	0.02
	7
	7
	1.8
	

	Blender
	1
	
	
	225
	
	0.02
	7
	7
	3.8
	

	Bathroom Fan
	1
	
	
	15
	
	1
	7
	7
	15
	

	Composting Toilet Fan
	1
	
	
	12
	
	5
	7
	7
	60
	

	Bathroom Lights
	2
	
	
	26
	
	1
	7
	7
	52
	

	battery charger
	1
	
	
	35
	
	2
	1
	7
	10
	

	water pump
	1
	
	
	72
	
	3
	7
	7
	216
	

	
	
	
	
	
	
	
	
	
	AC
	DC

	
	
	
	
	
	
	
	
	
	Whr/day
	Whr/day

	
	
	
	
	
	
	
	
	
	1263
	0

	Composting Toilet (existing)
	
	
	
	
	
	
	
	
	

	
	
	
	
	Watts
	Watts
	Use
	Use
	Days 
	Whr
	Whr

	Appliance
	#
	Volts 
	Amps
	AC
	DC
	Hrs/Day
	Days/Wk
	AC
	DC

	Fan
	1
	12
	1
	
	12
	10
	7
	7
	
	120

	Light (CFL)
	1
	
	
	
	13
	3
	7
	7
	
	39

	
	
	
	
	
	
	
	
	
	AC
	DC

	
	
	
	
	
	
	
	
	
	Whr/day
	Whr/day

	
	
	
	
	
	
	
	
	
	--
	159

	Long House (April, May & October + winter months)

	
	
	
	
	Watts
	Watts
	Use
	Use
	Days 
	Whr
	Whr

	Appliance
	#
	Volts 
	Amps
	AC
	DC
	Hrs/Day
	Days/Wk
	in Week
	AC
	DC

	General Lights
	4
	
	
	26
	
	4
	2
	7
	119
	

	General Lights
	4
	
	
	26
	
	4
	2
	7
	119
	

	Sunfrost R10 Fridge
	1
	
	
	
	
	
	
	
	170
	

	Coffee Grinder
	1
	
	
	107
	
	0.02
	2
	7
	0.5
	

	Blender
	1
	
	
	225
	
	0.02
	2
	7
	1.1
	

	Bathroom Fan
	1
	
	
	15
	
	1
	2
	7
	4
	

	Composting Toilet Fan
	1
	
	
	12
	
	5
	7
	7
	60
	

	Bathroom Lights
	2
	
	
	26
	
	1
	2
	7
	15
	

	battery charger
	1
	
	
	35
	
	2
	5
	7
	50
	

	water pump
	1
	
	
	72
	
	3
	7
	7
	216
	

	
	
	
	
	
	
	
	
	
	AC
	DC

	
	
	
	
	
	
	
	
	
	Whr/day
	Whr/day

	
	
	
	
	
	
	
	
	
	754
	0


Caretaker Cabin Loads 
	Summer

	
	
	Watts
	Watts
	Use
	Use
	Days 
	Whr

	Appliance
	#
	AC
	DC
	Hrs/Day
	Days/Wk
	in Week
	AC

	Lights
	3
	26
	
	4
	7
	7
	312

	 Fridge (Sunfrost R10)
	1
	
	
	
	
	
	170

	radio
	1
	15
	
	1
	7
	7
	15

	coffee grinder
	1
	107
	
	0.02
	7
	7
	1.8

	
	
	
	
	
	
	
	AC

	
	
	
	
	
	
	
	Whr/Day

	
	
	
	
	
	
	
	499

	Winter

	
	
	Watts
	Watts
	Use
	Use
	Days 
	Whr

	Appliance
	#
	AC
	DC
	Hrs/Day
	Days/Wk
	in Week
	AC

	Lights
	3
	26
	
	5
	7
	7
	390

	 Fridge (Sunfrost R10)
	1
	
	
	
	
	
	170

	radio
	1
	15
	
	3
	7
	7
	45

	coffee grinder
	1
	107
	
	0.02
	7
	7
	1.8

	
	
	
	
	
	
	
	AC

	
	
	
	
	
	
	
	Whr/Day

	
	
	
	
	
	
	
	607

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


C. Sizing the System

	Note: Inverter for ranchhouse is undersized for full load.  It is limited to 2500W, 275A

	A larger inverter would likely require changing system voltage to 24 or 48V.

	Inverter Sizing Worksheet

	 
	Constraint
	Site
	AC Total Watts ÷
	DC system Voltage =
	Max DC Amps Continuous

	 
	Summer
	Ranch house + cabin
	4320
	12
	360

	 
	Winter
	Ranch house + cabin
	3969
	12
	330.75

	Inverter
	Trace SW 2512 
	 
	 
	 
	 

	Efficiency
	94%
	 
	 
	 
	 

	 
	Summer
	Longhouse
	544
	12
	45.33

	Inverter
	 
	 
	 
	 
	 

	Efficiency
	 
	 
	 
	 
	 

	 
	Winter
	Longhouse
	544
	12
	45.33

	Inverter
	InverterL Xantrex  DR 1512 (1500 W)
	 
	 
	 
	 

	Efficiency
	94%
	 
	 
	 
	 

	
	
	
	
	
	


Battery Sizing
	Site
	Ranchhouse/C. Cabin
	Voltage
	
	6

	Constraint
	Winter
	Ahr Capacity
	
	375

	Battery
	Interstate UL-16
	Days of Autonomy = 
	
	5

	
	
	Trace SW 2512, efficiency = 
	0.94

	
	
	Discharge Limit = 
	
	0.6

	AC Ave Daily Load  ÷
	Inverter Efficiency +
	DC Average Daily Load ÷
	DC System Voltage =
	Ave Amp Hrs/Day

	2009.00
	0.94
	552.00
	12.00
	224.10

	Ave Amp Hrs/Day ×
	Days of Autonomy ÷
	Discharge Limit ÷
	Battery AH Capacity =
	Batteries in Parallel

	224.10
	5.00
	0.60
	375.00
	4.98

	DC System Voltage ÷
	Battery Voltage =
	Batteries in Series ×
	Batteries in Parallel =
	Total Batteries

	12.00
	6.00
	2.00
	4.98
	9.96


Array Sizing Worksheet
	Ranchhouse - May

	Site
	Ranchhouse
	
	

	Seasonal Load
	Winter
	
	

	Design Month
	May
	
	

	Module
	Evergreen EC-115
	
	

	Avg Amp-hrs/day  ÷
	Battery efficiency  ÷
	Peak Sun Hrs/day =
	Peak Array Amps
	 

	37.33
	0.8
	4.25
	10.97
	 

	Peak array amps  ÷
	Peak Amps/module =
	Modules in Parallel
	Module Short Circuit Current
	 

	10.97935881
	6.65
	1.65
	7.26
	 

	DC System Voltage  ÷
	Nominal Module Volts =
	Modules in Series *
	Modules in parallel =
	Total modules

	72
	12
	6
	2
	12

	Longhouse - Apr

	Site
	Longhouse
	
	

	Seasonal Load
	Winter
	
	

	Design Month
	April
	
	

	Module
	Siemans SP75
	
	

	Avg Amp-hrs/day  ÷
	Battery efficiency  ÷
	Peak Sun Hrs/day =
	Peak Array Amps
	 

	33.5
	0.8
	3.10
	13.47
	 

	Peak array amps  ÷
	Peak Amps/module =
	Modules in Parallel
	Module Short Circuit Current
	 

	13.468
	4.7
	2.87
	4.8
	 

	DC System Voltage  ÷
	Nominal Module Volts =
	Modules in Series *
	Modules in parrallel =
	Total modules

	24
	12
	2
	3
	6

	

	Longhouse – Sep

	Site
	Longhouse
	
	

	Seasonal Load
	Summer
	
	

	Design Month
	September
	
	

	Module
	Siemans SP75
	
	

	Avg Amp-hrs/day  ÷
	Battery efficiency  ÷
	Peak Sun Hrs/day =
	Peak Array Amps
	 

	62.5
	0.8
	4.44
	17.60
	 

	Peak array amps  ÷
	Peak Amps/module =
	Modules in Parallel
	Module Short Circuit Current
	 

	17.60
	4.7
	3.74
	4.8
	 

	DC System Voltage  ÷
	Nominal Module Volts =
	Modules in Series *
	Modules in parallel =
	Total modules

	24
	12
	2
	4
	8


Controller Sizing Worksheet
	 Ranchhouse
	
	
	

	Site
	Ranchhouse
	
	

	Seasonal Load
	Summer
	
	

	Module
	Evergreen EC-115
	
	

	Module Short Circuit Current  *
	Modules in Parallel  *
	1.25  =
	Array Short Circuit Amps
	Controller Array Amps

	7.26
	2
	1.25
	18.15
	100

	DC Total Connected Watts  ÷
	DC System Voltage  =
	Maximum DC Load Amps
	Controller Load Amps
	 

	66
	12
	5.5
	100
	 

	
	
	
	
	

	
	
	
	
	

	Longhouse
	
	
	

	Site
	Longhouse
	
	

	Seasonal Load
	Summer
	
	

	Module
	Siemens SP75
	
	

	Module Short Circuit Current  *
	Modules in Parallel  *
	1.25  =
	Array Short Circuit Amps
	Controller Array Amps

	4.8
	3
	1.25
	18
	50

	DC Total Connected Watts  ÷
	DC System Voltage  =
	Maximum DC Load Amps
	Controller Load Amps
	 

	25
	12
	2.08
	3
	 


Wire Sizing Worksheet
	Ranchhouse
	
	
	
	

	PV Combiner to Controller 
	
	
	
	

	A. NEC Requirement
	
	
	
	
	

	
	
	
	
	
	

	Isc of modules x
	# of modules in parallel =
	Total Amps
	x 1.25
	x 1.25 =
	NEC required

	7.26
	1
	7.26
	9.07
	11.34
	11.34

	Amperage satisfying NEC =
	11.34
	Wire size from Table 9-4 =
	# 14 AWG
	
	

	B. Voltage Drop Requirements
	
	
	
	

	
	
	
	
	
	

	System voltage =
	72
	Total Amps =
	7.26
	
	

	One Way Distance =
	340
	Voltage drop (%) =
	5
	
	

	VDI
	6.86
	 
	 
	
	

	Wire size from voltage drop tables (Tables 9-5 through 9-10) or VDI =
	8 # AWG
	
	

	Is this equal or greater than the size wire needed for safety?
	no
	
	

	If yes, then the answer is E14, if no use wire size from A.
	8 # AWG
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Controller to Battery
	
	
	
	
	

	A. NEC Requirement
	
	
	
	
	

	
	
	
	
	
	

	Isc of modules x
	# of modules in parallel =
	Total Amps
	x 1.25
	x 1.25 =
	NEC required

	7.26
	12
	87.12
	108.9
	136.12
	136.12

	
	
	
	
	
	

	Amperage satisfying NEC =
	136.12
	Wire size from Table 9-4 =
	2/0 gauge
	
	

	B. Voltage Drop Requirements
	
	
	
	

	
	
	
	
	
	

	System voltage =
	12
	Total Amps =
	87.12
	
	

	One Way Distance =
	6
	Voltage drop (%) =
	5
	
	

	VDI
	8.71
	 
	 
	
	

	
	
	
	
	
	

	Wire size from voltage drop tables (Tables 9-5 through 9-10) =
	# 6 AWG
	
	

	Is this equal or greater than the size wire needed for safety?
	yes
	
	

	If yes, then the answer is E14, if no use wire size from A.
	2/0 gauge
	
	

	Battery to Inverter
	
	
	
	

	A. NEC Requirement
	
	
	
	

	
	
	
	
	
	

	Inverter rated Watts ÷
	Inverter Efficiency ÷
	DC System (lowest operating) voltage =
	Inverter Total Amps
	x 1.25 =
	NEC required

	2500
	0.94
	12
	221.63
	277.03
	277.03

	
	
	
	
	
	

	Amperage satisfying NEC =
	277.04
	Wire size from Table 9-4 =
	3/0 Single Conductor
	
	

	B. Voltage Drop Requirements
	
	
	
	

	System voltage =
	12
	Total Amps =
	221.63
	
	

	One Way Distance =
	4
	Voltage drop (%) =
	5
	
	

	Wire size from voltage drop tables (Tables 9-5 thourgh 9-10) =
	N/A
	
	

	Is this equal or greater than the size wire needed for safety?
	
	
	

	If yes, then the answer is E14, if no use wire size from A.


	Wiring Worksheet: Longhouse

	PV Combiner to Controller
	
	
	
	

	A. NEC Requirement
	
	
	
	

	
	
	
	
	
	

	Isc of modules x
	# of modules in parallel =
	Total Amps
	x 1.25
	x 1.25 =
	NEC required

	4.8
	4
	19.2
	24
	30
	30

	Amperage satisfying NEC =
	30
	Wire size from Table 9-4 =
	#10 AWG
	
	

	B. Voltage Drop Requirements
	
	
	
	

	System voltage =
	24
	Total Amps =
	19.2
	
	

	One Way Distance =
	30
	Voltage drop (%) =
	5
	
	

	Wire size from voltage drop tables (Tables 9-5 thourgh 9-10) =
	# 10 AWG
	
	

	Is this equal or greater than the size wire needed for safety?
	yes
	
	

	If yes, then the answer is E14, if no use wire size from A.
	# 10 AWG
	
	

	Controller to Battery
	
	
	
	

	
	
	

	A. NEC Requirement
	
	
	
	
	

	
	
	
	
	
	

	Isc of modules x
	# of modules in parallel =
	Total Amps
	x 1.25
	x 1.25 =
	NEC required

	4.8
	8
	38.4
	48
	60
	60

	
	
	
	
	
	

	Amperage satisfying NEC =
	60
	Wire size from Table 9-4 =
	# 8 AWG
	
	

	B. Voltage Drop Requirements

	System voltage =
	12
	Total Amps =
	38.4
	
	

	One Way Distance =
	6
	Voltage drop (%) =
	5
	
	

	Wire size from voltage drop tables (Tables 9-5 thourgh 9-10) =
	# 10 AWG
	
	

	Is this equal or greater than the size wire needed for safety?
	No
	
	

	If yes, then the answer is E14, if no use wire size from A.
	# 8 AWG
	
	

	Battery to Inverter
	
	
	
	

	
	
	
	
	

	A. NEC Requirement
	
	
	
	

	
	
	
	
	
	

	Inverter rated Watts ÷
	Inverter Efficiency ÷
	DC System (lowest operating) voltage =
	Inverter Total Amps
	x 1.25 =
	NEC required

	1500
	0.94
	12
	132.98
	166.22
	166.22

	
	
	
	
	
	

	Amperage satisfying NEC =
	166.22
	Wire size from Table 9-4 =
	1/0 Single Conductors THW
	
	

	B. Voltage Drop Requirements

	System voltage =
	12
	Total Amps =
	132.98
	
	

	One Way Distance =
	4
	Voltage drop (%) =
	5
	
	

	Wire size from voltage drop tables (Tables 9-5 thourgh 9-10) =
	# 4 AWG
	
	

	Is this equal or greater than the size wire needed for safety?
	No
	
	

	If yes, then the answer is E14, if no use wire size from A.
	1/0 Single Conductors THW

	
	
	
	


D. Micro-hydro calculations

Gross Power:
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Maximum velocity with no losses:
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Find minimum pipe area for 150gpm:
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Find minimum pipe diameter:
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Max pressure without friction losses:
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Friction Losses 

218 feet of 3 inch schedule 40 pvc
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3 X 3 inch 45 elbows head loss is equivalent to 4 feet of pipe
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 1 X 3 inch PVC gate valve 1.1 feet per inch diameter pipe
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Net Power, assuming 5.38 ft head loss, 40% efficient turbine and generator
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Wire sizing for micro-hydro runs to ranch house and long house:

Resistance is proportional to wire length and inversely proportional to wire area:
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Furthermore,


[image: image25.wmf]l

l

r

r

A

R

A

R

/

1

;

/

1

µ

µ


Where cross-sectional area, A =
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Rearranging and substituting, 
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Since we want Rr to equal Rl, 
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.  From maps,

Lr is estimated to be 930 ft and Ll is estimated to be 315 ft.

Therefore, 
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. Since a 6 gauge wire already exists between generator shed and ranch house, we assumed 6 gauge for the entire run.  The diameter of 6 gauge copper wire is 0.162 in.

The diameter of the other wire should therefore be 0.095 in, which leads to a specification of 11 gauge wire.  This analysis is confirmed by the estimated resistance per 1000 ft: 0.3951 for 6 gauge, and 1.26 ohms for 11 gauge.  (0.3951 * 993 = 392; 1.26 * 315 = 397)
http://www.powerstream.com/Wire_Size.htm 

E. Breakdown of Costs

Note: Blue indicates wire prices included in life cycle cost calculations. 
Phase 1 Ranch House Alternative 1
	Equipment Costs
	 
	 
	 
	 
	 
	 
	 
	 

	Item
	Company
	Description
	Quantity Owned
	Quantity to Buy
	Length (ft)
	Costs Each ($)
	Capital Cost ($)
	Life Time

	Panels (i)
	Evergreen EC-115
	 
	10
	2
	 
	618.00
	7416.00
	30

	Copper Wires (b)
	Industrial Electric
	8 gauge
	This looks too low, don’t use! 
	4
	340
	0.38
	516.80
	30

	Aluminum wires (a)
	Industrial Electric
	6 gauge
	Use this! 
	4
	340
	0.73
	992.80
	30

	Disconnect (j)
	Perfect Power
	sloblo
	0
	1
	 
	15.21
	15.21
	30

	Controller (c)
	1 Outback MX-60
	 
	1
	1
	 
	649.00
	649.00
	10

	Copper Wires (b)
	Industrial Electric
	2/0 gauge
	1
	 
	6
	1.45
	8.70
	30

	Aluminum wires (a)
	Industrial Electric
	8 gauge
	2
	 
	6
	1.30
	15.60
	30

	Batteries (p)
	6 interstate UL16
	 
	 
	10
	 
	199.95
	1999.50
	7-10 

	Generator (m)
	Honda
	 
	1 
	 
	
	2681.95
	2681.95
	15

	Gas (h)
	 
	 
	
	124 
	
	2.93
	 
	30

	Copper Wires (a)
	Industrial Electric
	3/0 # (4/0 in stock)
	1
	4
	 
	8.02
	32.08
	 

	Inverter (e)
	Trace SW 2512
	 
	1
	 
	 
	 
	1299.00
	10

	Disconnect (l)
	 Outback
	PS2DC-175
	 
	1
	 
	375
	375.00
	30

	Ground Wire (a)
	Industrial Electric
	Aluminum # 4 AWG
	 
	1
	340
	0.90
	306.00
	 

	All Wires
	 
	 
	 
	 
	 
	 
	863.58
	 

	Capital Costs
	 
	 
	 
	 
	 
	 
	12892.29
	 

	Total for comparison
	 
	 
	 
	 
	 
	 
	6712.29
	 

	Longhouse Alternative 1

	Equipment Costs
	 
	 
	 
	 
	 
	 
	 
	 

	Item
	Company
	Description
	Quantity Owned
	Quantity to Buy
	Length (ft)
	Costs Each ($)
	Capital Cost ($)
	Life Time

	Panels (h)
	4 Siemens sp75
	 
	4
	 
	 
	375.00
	1500.00
	30

	Panels (g)
	2 BP solar 380
	 
	4
	 
	 
	457.00
	1828.00
	30

	Panels (q)
	2 Sharp 80 W
	 
	 
	2
	 
	479.16
	958.32
	30

	Copper Wires (b)
	Industrial Electric
	10 gauge
	 
	2
	30
	0.39
	23.40
	30

	Aluminum wires (a)
	Industrial Electric
	8 gauge 
	 
	2
	30
	1.30
	78.00
	30

	Disconnect (j)
	Perfect power
	sloblo
	0
	1
	 
	15.21
	15.21
	  30

	Controller (c) 
	Xantrex C-60
	 
	0
	1
	 
	167.16
	167.16
	10

	Copper Wires (a)
	Industrial Electric
	8 gauge
	 
	1
	6
	1.20
	7.20
	30

	Aluminum wires (a)
	Industrial Electric
	6 gauge 
	 
	1
	6
	0.95
	5.70
	30

	Batteries (p)
	6 interstate UL16
	 
	6
	 
	 
	199.95
	1199.70
	7-10 

	Copper Wires (b)
	Industrial Electric
	1/0 s c 4 feet *2
	1
	 
	8
	4.87
	38.96
	 

	Inverter (d)
	Trace SW 1512
	 
	1
	 
	 
	 
	799.00
	10

	Disconnect (l)
	 Outback
	PS2DC-100
	0
	1
	 
	325.00
	325.00
	30

	All Wires
	 
	 
	 
	 
	 
	 
	69.56
	 

	Total Capital
	 
	 
	 
	 
	 
	 
	7343.79
	 

	Total for Comparison
	 
	 
	 
	 
	 
	 
	2816.09
	 


Phase 1: Ranch House Alternative 2
	Equipment Costs
	 
	 
	 
	 
	 
	 
	 
	 

	Item
	Company
	Description
	Quantity Owned
	Quantity to Buy
	Length (ft)
	Costs Each ($)
	Capital Cost ($)
	Life Time

	Panels (i)
	Evergreen EC-115
	 
	10
	 
	 
	618.00
	6,180.00
	30

	Copper Wires (b)
	Industrial Electric
	6 gauge
	 
	4
	340
	0.97
	1,319.20
	30

	Aluminum wires (a)
	Industrial Electric
	4 gauge
	 
	4
	340
	0.90
	1,224.00
	30

	Disconnect (j)
	Perfect Power
	sloblo
	0
	1
	 
	15.21
	15.21
	30

	Controller (c)
	1 Outback MX-60
	 
	1
	1
	 
	649.00
	1,298.00
	30

	Copper Wires (b)
	Industrial Electric
	2 gauge
	2
	 
	6
	3.09
	37.08
	30

	Aluminum wires (a)
	Industrial Electric
	8 gauge 
	2
	 
	6
	1.30
	15.60
	30

	Batteries  (p)
	6 interstate UL16
	 
	 
	10
	 
	199.95
	1,999.50
	7-10 

	Generator (m)
	Honda
	 
	1
	 
	 
	2681.95
	2,681.95
	15

	Gas (h)
	 
	 
	 
	156
	 
	2.93
	457.08
	 

	Copper Wires (a)
	Industrial Electric
	3/0 # (4/0 in stock)
	1
	4
	 
	8.02
	32.08
	 

	Inverter (e)
	Trace SW 2512
	 
	1
	 
	 
	 
	1,299.00
	10

	Disconnect (l)
	 
	throws
	 
	2
	 
	325
	650.00
	 30

	Ground Wire (a)
	Industrial Electric
	Aluminum # 4 AWG
	 
	1
	340
	0.90
	306.00
	30

	All Wires
	 
	 
	 
	 
	 
	 
	1,694.36
	 

	Capital Costs
	 
	 
	 
	 
	 
	 
	13,136.07
	 

	Total for comparison
	 
	 
	 
	 
	 
	 
	5,008.07
	 

	Longhouse   Alternative 2

	Equipment Costs
	 
	 
	 
	 
	 
	 
	 
	 

	Item
	Company
	Description
	Quantity Owned
	Quantity to Buy
	Length (ft)
	Costs Each ($)
	Capital Cost ($)
	Life Time

	Panels (h)
	4 Siemens sp75
	 
	4
	 
	 
	375.00
	1,500.00
	30

	Panels (g)
	2 BP solar 380
	 
	2
	 
	 
	457.00
	914.00
	30

	Copper Wires (b)
	Industrial Electric
	10 gauge
	 
	2
	30
	0.39
	23.40
	30

	Aluminum wires (a)
	Industrial Electric
	8 gauge 
	 
	2
	30
	0.95
	57.00
	30

	Disconnect (j)
	Perfect Power
	sloblo
	0
	1
	 
	15.21
	15.21
	30

	Controller (r) 
	Xantrex C-60
	 
	0
	1
	 
	167.16
	167.16
	10

	Copper Wires (a)
	Industrial Electric
	8 gauge
	 
	1
	6
	1.20
	7.20
	30

	Aluminum wires (a)
	Industrial Electric
	6 gauge 
	 
	1
	6
	0.95
	5.70
	30

	Batteries
	6 interstate UL16
	 
	6
	 
	 
	199.95
	1,199.70
	7-10 

	Copper Wires (b)
	Industrial Electric
	1/0 s c 4 feet *2
	1
	 
	8
	4.87
	38.96
	30

	Inverter (d)
	Trace SW 1512
	 
	1
	 
	 
	 
	799.00
	10

	Disconnect (l)
	 
	throws
	 
	1
	 
	325.00
	325.00
	30

	All Wires
	 
	 
	 
	 
	 
	 
	69.56
	 

	Total Capital
	 
	 
	 
	 
	 
	 
	5,471.47
	 

	Total for Comparison
	 
	 
	 
	 
	 
	 
	1,857.77
	 


Phase II: Micro-hydro
	Equipment Costs
	 
	 
	 
	 
	 
	 
	 

	Item
	Company
	Description
	Quantity to Buy
	Length (ft)
	Costs Each ($)
	Capital Cost ($)
	Life Time

	600 W Pelton Wheel with Rectifier (f)
	Hi-Power Hydro
	 
	1
	 
	2,500.00
	2,500.00
	15

	2nd Transformer/Rectifier (k)
	Hi-Power Hydro
	 
	1
	 
	50.00
	50.00
	15

	Shunt Controller (f)
	Hi-Power Hydro
	 
	2
	 
	199.00
	398.00
	10

	Diversion Load (f)
	Hi-Power Hydro
	 
	2
	 
	225.00
	450.00
	10

	Pipe Size (n)
	 
	3" Schedule 40 PVC
	 
	218
	21.55/9
	538.75
	30

	Wires to RH (a)
	Industrial Electric
	Copper #6
	2
	793
	0.97
	1538.42
	30

	Wires to LH (a)
	Industrial Electric
	Copper #10
	2
	315
	0.38
	239.40
	30

	Total
	 
	 
	 
	 
	 
	5,980.35
	 


F. Sources for prices

	Item
	Sources 

	a)
	Industrial Electric (phone call)

	b)
	http://store.solar-electric.com/hardware---wire.html

	c)
	http://outbackpower.com/PriceList.htm 

	d)
	http://www.wholesalesolar.com/products.folder/inverter-folder/DR1512.html

	e)
	http://store.wmjmarine.com/rv2512.htm 

	f)
	http://www.hipowerhydro.com/

	g)
	http://www.solar4power.com/store/010-040-bp.htm

	h)
	http://www.bitterrootsolar.com/solar/sp75.htm

	i)
	http://www.sierrasolar.com/manufacturers.php?manufacturer_id=97

	j)
	http://perfectpowernetwork.com/Product/1068/T1,0013,0080/Assorted-Fuses.htm

	k)
	http://www.toroid.com/standard_transformers/rectifier_transformers/rectifier_transformers_mult.htm

	l)
	http://www.wholesalesolar.com/products.folder/disconnect-folder/Outback.disc.folder/outback.disconnects.html 

	m)
	http://www.hondapowerequipment.com 

	n)
	http://www.coleparmer.com/catalog/product_index.asp?cls=42584

	o)
	http://www.backwoodssolar.com/Catalogpages2/pvmount2.htm#Universal%20Post%20Mounts

	p)
	Interstate Batterires, Eureka (phone call)

	q)
	http://store.altenergystore.com/Solar-Electric-Panels/51-to-99-Watt-Solar-Panels/Sharp-NE-80EJE-80W-12V-Solar-Panel/p1077/

	r)
	http://store.solar-electric.com/tracc6060amp.html 
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