
 44

 
Figure 1 – Digital Protractor 

 
 

b. Determining Azimuth 
 
The PV installer and the HERS Rater must determine the azimuth of the PV modules 
and verify that the azimuth is the same as that used to determine the expected 
performance of each PV system. The convention that is used for measuring azimuth is 
to determine the degrees of angle clockwise from north:   north azimuth is zero degrees, 
east is 90 degrees, south is 180 degrees and west is 270 degrees (see Figure 2).   

 

Figure 2 – Azimuth of the PV Array 
 
The following methods may be used to determine the azimuth.  
 
 

i. Using the site plans 
 
In new subdivisions, the house plans will often not show the property lines since the 
plans are used on multiple lots. However, the subdivision plot plan will show the 
property lines of the lots. The plot plan will show the bearing of the property lines, and 
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from this information the azimuth of the roof surfaces where the PV modules are 
mounted may be determined from the position of the house on the lot relative to the 
bearings of the property lines.  

 
Figure 3 shows an example plot plan with a house located on it. In this case, the house 
does not align with any of the property lines, but is rotated 15 degrees from the westerly 
property line as shown. Property lines on plot plans are typically labeled in terms of their 
bearing, which is the direction of the line. The westerly property line is labeled “North 
12° East”. If the house was aligned with this property line, the southerly exposure of the 
house would have an azimuth of 192° (180° plus the 12° bearing of the property line). 
Since the house is rotated an additional 15°, the azimuth of the southerly face of the 
house and the azimuth of the PV array is 207° (192° plus 15°). Usually, the house will 
be aligned with one of the property lines and the calculation described above will be 
simplified.   
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Figure 3 – Example Plot Plan  

 
 

ii. Using a compass with a sighting feature and an adjustment for 
magnetic declination.  

 
Make sure that the compass has a sighting feature. The compass may have an 
adjustment built in for magnetic declination so that the reading on the compass is true 
north or the installer and the HERS Rater shall determine the magnetic declination 
using the tool available at [http://www.ngdc.noaa.gov/geomagmodels/Declination.jsp] 

http://www.ngdc.noaa.gov/geomagmodels/Declination.jsp�
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and adjust the compass reading to account for the magnetic declination. Position the 
compass and determine the angle between compass north and the direction that the PV 
modules face. It’s usually convenient and most accurate to align the compass along the 
edge of the array using the sighting feature (see Figure 4).  

  
Figure 4 – Compass with a sighting feature  

 
 
 

c. Verifying Tilt and Azimuth for Systems Meeting the California 
Flexible Installation Criteria 

 
For new residential developments, NSHP allows determination of expected 
performance using the California Flexible Installation criteria. The California Flexible 
Installation criteria allow all PV systems that are installed with an azimuth ranging from 
150 to 270 degrees and with a tilt ranging from 0:12 and 7:12 to use a single expected 
performance calculation. The CECPV Calculator allows the user to choose the 
California Flexible Installation criteria for easy input and easy compliance when there 
are multiple systems at various azimuths and tilts. For each system on each building 
that has the expected performance based on the California Flexible Installation criteria, 
the HERS Rater must verify that the array is installed with both an azimuth and with a tilt 
within the acceptable range. The California Flexible Installation criteria require each PV 
system to meet the “minimal shading” criterion discussed below. 

 
 

F. Shading Verification 
 
Shading of photovoltaic systems, even partial shading of arrays, can be the most 
important cause of failure to achieve high system performance.  Significant shading 
should be avoided whenever possible.  Shading can be avoided by careful location of 
the array at the point of installation or in some cases, particularly during the process of 
constructing buildings, by moving obstructions to locations where they do not cast 
shading on the array.  Partial shading from obstructions that are relatively close to the 
array, particularly obstructions that are on the roof even if they are relatively small, can 
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be particularly problematic because they cause partial shading of the array for longer 
time periods of the year.  Shading caused in the future due to the maturing of trees that 
are immature at the time of installation of the PV system can also be a major cause of 
failure to achieve high performance over the life of the PV system. 
 
The PV installer and the HERS Rater must verify that the shading conditions on the PV 
system in the field are consistent with those used in the expected performance 
calculations. The estimated performance calculations will be done either assuming that 
the “minimal shading” criterion is met or based on the specific shading characteristics of 
each system.   
 
 
1. Minimal Shading Criterion 
 
The “minimal shading” criterion is that no obstruction is closer than a distance (“D”) of 
twice the height (“H”) it extends above the PV array (see Figure 5 for an artistic 
depiction of “H” and “D”). As the figure illustrates the distance “D” must be at least two 
times greater than the distance “H.” All obstructions that project above the point on the 
array that is closest to the obstruction must meet this criterion for the array to be 
considered minimally shaded. Obstructions that are subject to this criterion include: 

i. Any vent, chimney, architectural feature, mechanical equipment or other 
obstruction that is on the roof or any other part of the building. 

ii. Any part of the neighboring terrain.  
iii. Any tree that is mature at the time of installation of the PV system. 
iv. Any tree that is planted on the building lot or neighboring lots or planned to be 

planted as part of the landscaping for the building (the expected shading must 
be based on the mature height of the tree).  

v. Any existing neighboring building or structure. 
vi. Any planned neighboring building or structure that is known to the applicant or 

building owner. 
vii. Any telephone or other utility pole that is closer than thirty feet from the nearest 

point of the array  
 

H

D
D

H

 
 

Figure 5 – The Minimal Shading Criterion - Artistic Depiction of “H” and “D” 
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To determine whether or not the minimal shading criterion is met, the PV installer or 
HERS Rater shall determine for each shading obstruction the smallest ratio of the 
horizontal distance from the obstruction to the array divided by the vertical height of the 
obstruction above that point on the array (this is the “closest point on the array”). Often 
the point on the obstruction that results in the smallest ratio is the topmost point of the 
obstruction, but in cases where the shape of the obstruction is complex, points on the 
obstruction that are not the topmost but are closer to the array may actually produce the 
lowest ratio. “H” is the vertical height of the shading obstruction point above the 
horizontal projection to the closest point on the array. “D” is the horizontal distance from 
the closest point on the array to the vertical projection from the point on the obstruction 
that results in the lowest ratio of “D” divided by “H.” Any obstruction located north of all 
points on the array need not be considered as shading obstructions. When an 
obstruction is north of some parts of an array but east, south or west of other parts of 
the array, the minimal shading criterion shall be determined to the closest point on the 
array that is west, north or east of the obstruction.   
 
The PV installer and the HERS Rater may verify through visual inspection that all 
obstructions meet the 2:1 criterion (note that an altitude angle of 26.6 degrees is 
equivalent to the 2:1 criterion). For obstructions that visual inspection indicates 
potentially do not meet the criterion, the PV installer and HERS Rater must measure the 
height and distance of the obstruction(s) relative to the PV array as described above to 
verify that the 2:1 shading criterion  (or a lower than 26.6 altitude angle through the 
same points on the obstruction and array) is met. A tolerance of ± 5 percent will be 
permissible when determining the ratio (or the altitude angle).  
 
 
2. Accounting for Actual Shading 
 
When a PV installation does not meet the minimal shading criterion, it can still qualify for 
an incentive and participate in the NSHP program, but the shading conditions for each 
PV system at the site must be accounted for in the expected performance calculation as 
described in this section. The basic method is used when the shading condition is 
measured using a tape measure or using a digital protractor.  A different method is used 
when measurements are made with a solar assessment tool.  
 
For shading obstructions that are accounted for in the expected performance calculation 
the CECPV Calculator will produce on the CF-1R-PV a table similar to Table 2 that 
shows the distance to height ratio and altitude angle for the closest point on the array 
for each obstruction including mature trees that shade the PV array. This table divides 
the compass into 11 (approximately 22.5 degree) sectors, progressing clockwise around 
the compass from north. The table provides the distance to height ratio and altitude 
angle for each sector of the compass. When there is more than one obstruction in a 
sector, the information is reported for the obstruction with the lowest distance to height 
ratio (highest altitude angle). The distance to height ratio will be a number less than or 
equal to two, because if it is greater than two, the minimal shading criterion is satisfied 
in that direction and shading is not considered in the expected performance calculation 
for that sector. The table also shows the minimum distance to small, medium and large 
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trees to meet the minimal shading criterion for trees that are not at their mature heights. 
The data in Table 2 is specific to a particular PV system installation. In this example the 
minimal shading condition is not met for five sectors of the compass, ESE, SSE, S, SW, 
and WNW.  
 
The PV installer and the HERS Rater must verify that the shading conditions that exist 
(or are expected to exist in the case of the mature heights of trees that are planted on 
the building lot or neighboring lots or planned to be planted as part of the landscaping or 
planned buildings or structures on the building lot or neighboring lots that are known to 
the applicant or building owner) at the site will not cause greater shading of the PV array 
than the shading characteristics that were used in the expected performance 
calculations.  
 

Table 2 – Example CF-1R-PV Format for PV Shading 
 

Orientation Obstruction Type 

Altitude Angle to 
Shading 
Obstruction 

Distance to 
Height Ratio 

Minimum 
Distance to 
Small Tree 

Minimum 
Distance to 

Medium Tree 

Minimum 
Distance to 
Large Tree 

ENE (55 – 79) NA Minimal Shading 2.00 16 46 76 

E (79 -101) NA Minimal Shading 2.00 16 46 76 

ESE (101 – 124) Neighboring structure 45 degrees 1.00    

SE (124 – 146)  Minimal Shading 2.00 16 46 76 

SSE (146 – 169) On roof obstruction 50 degrees 0.84    

S (169 – 191) Tree (existing-mature) 70 degrees 0.36    

SSW (191 – 214)  Minimal Shading 2.00 16 46 76 

SW (214 – 236) Tree (existing-not mature) 30 degrees 1.5    

WSW (236 – 259)  Minimal Shading 2.00 16 46 76 

W (259 – 281)  Minimal Shading 2.00 16 46 76 

WNW (281 – 305) Tree (planned) 65 degrees 0.49    

 
 
3. Measuring Heights and Distances or Altitude Angles 
 
One of the following procedures may be used to measure heights and distances or 
altitude angles to obstructions. 
 
 

a) Using a Tape Measure 
 
A tape measure or other measuring device may be used to measure the distance (“D”) 
from the point on the PV array corresponding to the lowest ratio of distance to height 
(“H”) for each shading obstruction for each 22.5 degree compass sector. The distance 
to a tree is measured to the nearest edge of the trunk of the tree. Once the height 
difference (“H”) and distance (“D”) are determined in each compass sector, the ratio is 
calculated and must be greater than the value used in the expected performance 
calculation as reported on the CF-1R-PV (see the fourth column in Table 2 labeled 
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Distance to Height Ratio). This method can be employed from the ground without 
access to the roof, when factoring in the rooftop dimensions. 
 
The height measurement for trees that are immature shall be based on the mature tree 
height discussed below. Determining the distances and heights of obstructions for 
buildings and structures that are planned but have not yet been constructed shall be 
based on plans for those structures. 
 
 
 

b) Using a Digital Protractor 
 
A digital protractor (see Figure 1) may be used to measure the highest altitude angle 
from the obstruction to the closest point on the array (using the same points on the 
array and on the obstruction that produce the lowest ration of “D” to “H” if those 
dimensions were measured instead of the altitude angle). The measured altitude angle 
for each obstruction in each compass sector must be smaller than or equal to that used 
in the expected performance calculation as reported on the CF-1R-PV (see the third 
column in Table 2). To use the digital protractor measurement directly, the 
measurement must be made from the roof. Alternatively, the digital protractor 
measurement may be made from the ground. Trigonometric adjustments will be 
required to correct for the height difference between the ground where the 
measurements are made and the nearest point, on the PV array, to the shading 
obstruction.  
 
This method does not address expected shading resulting from the mature heights of 
planted immature trees or planned trees. To determine distances for planted immature 
trees a tape measure should be used. The height measurement for trees that are 
immature shall be based on the mature tree height discussed below. Determining the 
distances and heights of obstructions for buildings and structures that are planned but 
have not yet been constructed shall be based on plans for those structures..  
 

c) Using a Solar Assessment Tool 
 
For shading from existing obstructions, shading conditions may be verified using a solar 
assessment tool. This procedure will typically be used by the PV installer, but the HERS 
Rater may not have direct access to the array and if not, would rely on the adequacy of 
documentation by the installer to confirm the shading conditions. 
 
 
At each point of measurement, the tool is placed on the PV array, leveled and oriented 
consistent with the manufacturer’s instructions. Once the tool is properly positioned, it 
will determine the obstructions that cast shade and the month and time of day when 
shading will occur. The tool will enable these determinations either through the use of a 
digital photograph or a manual tracing on an angle estimator grid overlay. These results 
for a single point of reference on the array are converted into a format that can be used 
by the CECPV Calculator, either through software provided by the tool manufacturer or 
manually, as shown in Figure 6(b), to determine the altitude angle of an obstruction in 
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each compass sector. The installer should keep documentation of the shading shown 
on the tool, the location of the tool on the array, and the shading obstructions that are 
indicated on the tool for the HERS Rater to verify the results.   
 

  
(a) This diagram shows the 22.5 degree compass sectors used 
by the CECPV Calculator and the altitude angles determined by 
a Solar Assessment Tool for a single point of reference on the 
array.  
 

(b) Within each compass sector, the highest altitude is selected 
and used for that entire sector.  This data is shown for a single 
point of reference on the array.  

 
Figure 6 – Conversion of Results to CECPV Calculator Input  

 
Measurements shall be made at all the major corners of the array with no adjacent 
measurement being more than 40 feet apart (see example in Figure 8). The points of 
measurement shall be distributed evenly between two major corners if they are more 
than 40 feet apart such that the linear distance between any sequential points is no 
more than 40 feet. However, if any linear edge of the array has no obstructions that are 
closer than two times the height they project above the closest point on the array, then 
the intermediate measurements along that edge do not need to be made. 
 
The altitude angles measured at each major corner shall be overlapped onto a single 
diagram or processed with the tool manufacturer’s software.  The maximum altitude 
angles measured at any of the major corners of the array within a given sector shall be 
applied to the entire sector. This creates a set of 11 values which are used in the 
CECPV Calculator. 
 
This method does not address expected shading resulting from the mature heights of 
planted immature trees or planned trees or expected construction of buildings or other 
structures on neighboring lots. To determine distances for planted immature trees a 
tape measure should be used. To determine distances for planned trees a landscape 
plan provided by the applicant should be used. The height measurement for trees that 
are immature must be based on the mature tree height discussed below. Determining 
the distances and heights of obstructions for buildings and structures that are planned 
but have not yet been constructed shall be based on plans for those structures. Such 
shading shall be addressed separately. 
 
The results determined by the tool in combination with the expected future shading 
described above are compared to the data that was used in the expected performance 
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calculations to ensure that there is not greater shading at the site than was used in the 
expected performance calculations.  
 
 
   
 
      

      

         

         

           
       

           

           

           

           

           
        

 
 

Figure 8 – Example of Points where Measurement shall be made using a Solar 
Assessment Tool (overall array dimensions 76 feet by 50 feet) 

 
 
4.  Mature Tree Height 
 
The expected performance calculations require the mature height to be used when 
accounting for the shading impact of planted immature trees.. This section provides 
guidelines for determining the mature height of such trees. Applicants must identify the 
height category (small, medium, or large) of all planted and planned trees at the site. 
That information must be documented in conjunction with the CF-6R-PV and provided 
to the HERS Rater for verification. Any existing tree with a height greater than 50 feet at 
the time observations are made shall be recorded with its actual height or altitude angle 
instead of the height category. 
 
All trees are classified as small, medium or large by species. Trees with a mature height 
of 20 feet or smaller are small trees. Trees with a mature height greater than 20 feet but 
less than 50 feet are medium trees. Trees with a mature height equal to or greater than 
50 feet are large trees. If the type of tree is unknown, it must be assumed to be large. 
The mature heights of small, medium and large trees that must be used in the expected 
performance calculations are 20 feet, 35 feet, and 50 feet, respectively.  
 

6 8 7 

4 5 

9 

1 3 2 
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The Center for Urban Forestry Research of the U.S. Department of Agriculture’s Forest 
Service has published tree guides for tree zones that are applicable to California. Table 
3 shows the appropriate tree guide to use for each of California’s climate zones for the 
expected performance calculations.   
 
The guides provide tree selection lists for each tree zone. The lists provide either the 
mature height or the size category in that tree zone for each species. These tree guides 
are posted at: [http://www.fs.fed.us/psw/programs/cufr/tree_guides.php].   
 
For trees not listed in the tree selection tables of the tree guides, the Sunset Western 
Garden book should be consulted. This document provides the mature height range or 
maximum height for each species. If a range is given, the average of the maximum 
height range should be used to determine if the tree is large, medium or small.  
 

Table 3 – Appropriate Tree Guide to Use for each California Climate Zone 
 
CEC Climate 
Zones 

Tree Regions Tree Guide to Use   

1, 2, 3, 4, 5 Northern 
California 
Coast 

Under Development (Use Sunset Western Garden Book)  

6, 7, 8 Southern 
California 
Coast 

McPherson, E.G., et al.  2000. Tree guidelines for coastal 
Southern California communities. Sacramento, CA: Local 
Government Commission 

Chapter 5, 
pages 57-
65 

9, 10 Inland Empire McPherson, E.G., et al.  2001. Tree guidelines for Inland 
Empire communities. Sacramento, CA: Local Government 
Commission 

Chapter 6, 
pages 65-
82 

11, 12, 13 Inland Valleys McPherson, E.G., et al.  1999. Tree guidelines for San 
Joaquin Valley communities. Sacramento, CA: Local 
Government Commission 

Chapter 5, 
pages 50-
55 

14, 15 Southwest 
Desert 

McPherson, E.G., et al.  2004. Desert southwest 
community tree guide: benefits, costs and strategic 
planting. Phoenix, AZ: Arizona Community Tree Council, 
Inc. 

Chapter 7, 
pages 51-
53 

16 Northern 
Mountain and 
Prairie 

McPherson, E.G, et al.  2003. Northern mountain and 
prairie community tree guide: benefits, costs and strategic 
planting. Center for Urban Forest Research, USDA Forest 
Service, Pacific Southwest Research Station.  

Chapter 5, 
pages 47-
55 

 
 
Table 4 shows the horizontal distance that trees of each mature height category would 
need to be located from nearest point of the PV array in order to meet the condition of 
minimal shading.  

Table 4 – Horizontal Distance Trees Would Need to be located from the Closest Point of 
a PV Array to Qualify for Minimal Shading 
 
Mounting Location  Small Tree (20 ft) Medium Tree (35 ft) Large Tree (50 ft) 

1 Story (Lowest Point of Array at 12 ft) 16 46 76 

2 Story (Lowest Point of Array at 22 ft) Any Distance 26 56 

3 Story (Lowest Point of Array at 32 ft) Any Distance 6 36 

 

http://www.fs.fed.us/psw/programs/cufr/tree_guides.php�
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G. Verification of System Performance 
 
The PV installer and HERS Rater must verify that the AC power output from the PV 
system is consistent with that predicted by the expected performance calculations. The 
CECPV Calculator will determine an estimate of system AC power output for a range of 
solar irradiance and ambient air temperature conditions and print a table on the CF-1R-
PV form. The values in the table will be 90 percent of the output estimated by the 
CECPV Calculator for each set of conditions in the table (the calculations also include 
the default adjustment of 0.88 for losses such as dirt, dust and mismatched wiring). The 
values in the table are for an unshaded array. An example of the data that will be 
produced is shown in Table 5. The data in the table is specific to each PV system. 
 
Verification of system performance must be performed after the PV system is installed 
and connected to the electricity grid. Measurements must be made with a minimum 
irradiance of 300 W/m² in a plane parallel to the array. The PV installer and/or the 
HERS Rater must 1) measure the solar irradiance in a plane parallel to the array 2) 
measure the ambient air temperature and 3) determine the expected AC power output 
for the measured field conditions from the table on the CF-1R-PV form. The PV installer 
or the HERS Rater must then observe the AC power output displayed on the system 
performance meter (typically an inverter with a built-in performance meter) and verify 
that the AC power output is equal to or greater the amount shown in the table for the 
field measured conditions. To qualify for incentives under NSHP, PV systems must 
have a standalone performance meter or an inverter with a built-in performance meter 
that measures AC power output. 
 
The PV installer and HERS Rater must observe the AC power output on the system 
performance meter after waiting for a period of stable conditions during which the 
measured solar irradiance has stayed constant within ± 5 percent. 
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Table 5 – Example Table of Expected AC Power Output from CECPV Calculator (Watts) 
(W/m²) T=15 T=20 T=25 T=30 T=35 T=40 T=45 T=50 T=55 T=60 T=65 T=70 T=75 T=80 T=85 T=90 T=95 T=100 T=105 T=110 T=115 T=120 

300 614 606 599 591 584 576 568 560 553 544 536 528 520 512 504 496 487 479 471 463 454 446 

325 665 657 648 640 632 623 615 607 598 590 581 572 564 555 546 537 528 519 510 501 492 483 

350 716 707 698 689 680 671 662 653 643 634 625 616 606 597 588 578 569 559 550 540 530 520 

375 766 757 747 738 728 718 708 699 689 679 669 659 649 639 629 619 609 598 588 578 568 557 

400 817 807 797 786 776 765 755 745 734 723 713 702 691 681 670 659 648 637 626 615 604 593 

425 868 857 846 835 824 813 802 790 779 768 757 745 734 722 711 699 688 676 664 653 641 629 

450 918 907 895 883 872 860 848 836 824 812 800 788 776 764 752 739 727 715 702 690 677 665 

475 967 955 943 931 919 907 894 882 869 856 843 831 818 805 792 779 766 753 740 727 714 700 

500 1016 1004 991 978 966 953 940 927 913 900 887 873 860 846 832 819 805 791 777 763 750 736 

525 1065 1052 1038 1025 1012 998 984 971 957 943 929 915 901 887 872 858 843 829 814 800 785 770 

550 1113 1099 1085 1071 1057 1043 1029 1014 1000 986 971 956 942 927 912 897 882 866 851 836 820 805 

575 1161 1147 1132 1117 1102 1088 1073 1058 1043 1027 1012 997 982 966 951 935 919 903 887 871 855 839 

600 1209 1194 1178 1163 1147 1132 1116 1100 1085 1069 1053 1037 1021 1005 989 972 956 940 923 906 890 873 

625 1256 1240 1224 1208 1192 1176 1159 1143 1126 1110 1093 1077 1060 1043 1026 1009 992 975 958 941 924 906 

650 1302 1286 1269 1252 1236 1219 1202 1185 1168 1150 1133 1116 1098 1081 1063 1046 1028 1010 992 974 957 939 

675 1348 1331 1314 1296 1279 1261 1244 1226 1208 1190 1172 1154 1136 1118 1100 1081 1063 1045 1026 1007 989 970 

700 1394 1376 1358 1340 1322 1304 1285 1267 1248 1230 1211 1192 1174 1155 1136 1117 1098 1078 1059 1040 1021 1001 

725 1439 1420 1401 1383 1364 1345 1326 1307 1288 1269 1249 1230 1210 1191 1171 1151 1132 1112 1092 1072 1052 1032 

750 1483 1464 1444 1425 1405 1386 1366 1346 1327 1307 1287 1267 1246 1226 1206 1185 1165 1144 1124 1103 1082 1061 

775 1526 1506 1487 1466 1446 1426 1406 1385 1365 1344 1323 1303 1282 1261 1240 1219 1198 1176 1155 1134 1112 1090 

800 1569 1549 1528 1507 1486 1466 1445 1423 1402 1381 1360 1338 1317 1295 1273 1252 1230 1208 1186 1164 1141 1119 

825 1611 1590 1569 1547 1526 1504 1483 1461 1439 1417 1395 1373 1351 1328 1306 1284 1261 1238 1216 1193 1170 1147 

850 1653 1631 1609 1587 1565 1542 1520 1498 1475 1452 1430 1407 1384 1361 1338 1315 1292 1268 1245 1221 1198 1174 

875 1693 1671 1648 1626 1603 1580 1557 1534 1510 1487 1464 1440 1417 1393 1369 1345 1322 1298 1273 1249 1225 1200 

900 1733 1710 1687 1663 1640 1616 1593 1569 1545 1521 1497 1473 1449 1424 1400 1375 1351 1326 1301 1276 1251 1226 

925 1772 1748 1725 1701 1676 1652 1628 1603 1579 1554 1529 1505 1480 1455 1430 1404 1379 1354 1328 1302 1277 1251 

950 1811 1786 1762 1737 1712 1687 1662 1637 1612 1586 1561 1536 1510 1484 1459 1433 1407 1381 1354 1328 1302 1275 

975 1980 1823 1798 1772 1747 1721 1696 1670 1644 1618 1592 1566 1540 1513 1487 1460 1434 1407 1380 1353 1326 1299 

1000 1980 1980 1980 1807 1781 1755 1729 1702 1676 1649 1622 1595 1569 1542 1514 1487 1460 1432 1405 1377 1349 1322 

1025 1980 1980 1980 1980 1815 1788 1761 1734 1706 1679 1652 1624 1597 1569 1541 1513 1486 1457 1429 1401 1372 1344 

1050 1980 1980 1980 1980 1980 1820 1792 1765 1737 1709 1681 1653 1624 1596 1568 1539 1511 1482 1453 1424 1395 1365 

1075 1980 1980 1980 1980 1980 1980 1823 1795 1767 1738 1709 1680 1652 1623 1593 1564 1535 1506 1476 1446 1417 1387 

1100 1980 1980 1980 1980 1980 1980 1980 1825 1796 1766 1737 1708 1678 1648 1619 1589 1559 1529 1499 1468 1438 1407 

1125 1980 1980 1980 1980 1980 1980 1980 1980 1824 1794 1764 1734 1704 1674 1643 1613 1582 1551 1520 1490 1458 1427 

1150 1980 1980 1980 1980 1980 1980 1980 1980 1980 1822 1791 1760 1729 1698 1667 1636 1605 1573 1542 1510 1479 1447 

1175 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1817 1786 1754 1722 1691 1659 1627 1595 1563 1530 1498 1466 

1200 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1980 1810 1778 1746 1714 1681 1649 1616 1583 1550 1517 1484 
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1.      Measuring Solar Irradiance 
 
Solar irradiance must be measured using an irradiance meter. When making this 
measurement, the PV installer or HERS Rater must place the irradiance meter in a 
plane that is parallel to the PV array. The PV installer should position the irradiance 
meter on top of the PV array or on the roof next to the PV array. If the HERS Rater does 
not have direct access to the roof, he or she must position the irradiance meter such 
that it is in full sun and is in a plane that is parallel to the PV array. Digital protractors or 
other instruments may be used to properly position the irradiance meter.  
 
 
2.       Measuring Ambient Air Temperature 
 
Ambient air temperature must be measured with a digital thermometer in the shade. 
The instrument must have an accuracy of ± 2 degrees Celsius. 
 
 
3.       Observing AC Power Output at the System Performance Meter 
 
The PV installer and the HERS Rater must observe and record the AC power output 
reading from the system performance meter as soon as possible after making the 
measurements of solar irradiance and ambient temperature. The inverter may cycle 
between multiple readings (total kWh, AC power output, etc.), so the PV installer or 
HERS Rater will need to wait until the power is displayed and record this reading; 
several readings should be made to make sure that they are consistent and stable.  
 
 
4.        Multiple Orientation Arrays 
 
Multiple orientation arrays are those with parallel strings, each with an equal number of 
modules, in different orientations (azimuth and tilt) and connected to the same 
inverter.28 When parallel strings in different orientations are connected to the same 
inverter, separate CF-1R-PV forms must be prepared for each orientation and solar 
irradiance must be measured separately in a plane parallel to each orientation. Field 
verification will require separate CF-6R-PV and CF-4R-PV forms for each orientation. 
The expected AC power output is determined separately for each orientation and the 
sum is used for verification purposes.  
 
For example a qualifying 3 kW PV system has 20 PV modules grouped evenly into two 
parallel strings of 10 modules each, one facing south with an azimuth of 170 degrees 
and one facing west with an azimuth of 260 degrees. The installer or HERS Rater 
evaluates system performance at 11:30 AM in March with an ambient temperature of 62 
degrees Fahrenheit. The installer or HERS Rater measures 950 W/m² of solar 

                                                 
28 Substantial reductions in performance will result if there are different numbers of modules in each string 
or if the strings with different orientations are connected in series. 
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irradiance in the plane parallel to the south string and 500 W/m² in a plane parallel to 
the west facing string.29  
 
The total expected AC power output table on the CF-1R-PV indicates that the system 
should be producing 1,200 W at 950 W/m² and 700 W at 500 W/m² of solar irradiance. 
The expected AC power output is calculated as 1,900 W by summation of each 
orientation’s expected AC power output (1,200 W + 700 W = 1,900 W). This calculated 
value must be compared to the value displayed on the system performance meter. 
 

                                                 
29 When testing systems with multiple orientation arrays, the solar irradiance levels on all arrays must 
remain constant within ± 5 percent as discussed in Verification of System Performance above. 
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Appendix 3 – NSHP Forms 
 
NSHP-1   Reservation Application Form 
 
NSHP-1.5     Solar as an Option Approval Form 
 
NSHP-2 Payment Claim Form 
 
NSHP-3 Ten-Year Warranty Form 
 
STD-204 Payee Data Record 
 
 
The following forms are not in the Guidebook, and are either produced by the 
CECPV Calculator or provided by the solar energy system installer or HERS 
Rater: 
 
CF-1R-PV  Energy Commission CECPV Calculator Output Form 
 
CF-4R-NSHP Above Code Energy Efficiency Checklist 
 
CF-4R-PV  Field Verification and Diagnostic Testing Form 
 
CF-6R-PV  Installation Certificate Form 
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NSHP-1 RESERVATION APPLICATION FORM 
NEW SOLAR HOMES PARTNERSHIP 

1. Applicant Name and Contact Information 
Homeowner or Builder/Developer Name Phone Number Email Address 

Please check one of the following: 
 
I am the: � Homeowner     � Builder/Developer 
Mailing Address                                                                                                                    City:                               State:                         Zip Code: 

Contact Name (if different from above) & Company Address Phone, Fax and Email Address 

2. Project Description 
Please give a general project description including the site address of development. 
 

Name of project: _________________________________________________________________ 
     

Address to where the system will be installed (if this is a housing development, only the city or location to nearest city 
needs to be specified): _________________________________________________________ 

 

Please check all that apply to your project: 

 
For custom home applicants to complete 
Anticipated new construction permit issue date(s): _______________ 
Anticipated solar permit issue date(s):_______________ Anticipated occupancy permit issue date(s):______________ 
Please note that the building permit for the solar energy system should be approved by the building code enforcement agency prior to the original 
occupancy of the newly constructed building, but no later than 60 days after the issuance of the occupancy permit. 
3. Electric Utility, Participation in Utility’s Energy Efficiency Program 
Please select the utility providing electricity to the project:     � PG&E     � SCE     � SDG&E     � BVE 
Is your project participating in the electric utility’s residential new construction program?   �  Yes         �  No 
Please note that projects participating in the electric utility’s residential new construction program can waive the submission of the energy efficiency 
documentation. 

Occupancy type:        � Single Family    � Multifamily/Mixed Occupancy 
 
Reservation type:       � Solar as Standard (More than 50 percent of the residential dwelling units in a large  
                                      project (minimum of 6 residential dwelling units) will have solar energy systems installed) 
 
                                   � Base Incentive 

 Custom home       
 Small housing developments with less than 6 residential units  
 Projects where solar will be installed on less than 50 percent of the residential dwelling 
units  

 Common area systems in residential developments     
 Solar as an Option (Please note, if solar is offered as an option, your reservation can only 
be for up to 50 percent of the residential dwelling units in the project)   

 
Total number of residential dwelling units in the project: ________        
Total number of residential dwelling units with solar energy systems installed: ________ 
 

                                   � Affordable Housing 
                                        � Total number of common areas systems installed: _____    
                                        � Total number of residential dwelling units with solar energy systems installed: ________ 
 
Please note that only Solar as Standard, affordable housing, and solar as an option projects will receive a 36-month reservation. All others will 
receive an 18-month reservation. 



 60

4. Home Energy Rating System (HERS) Information30 (if available) 
 HERS Rater Company HERS Rater Phone number HERS Provider 

Energy efficiency measures verification     

Solar energy system field verification     

5. Required Supporting Documentation 
 
Solar as Standard Projects: 
� Final Subdivision Map 
� EPBI Documentation 

□ CF-1R-PV form 
□ Electronic input files (.emf,  .her) 

� Equipment Purchase Agreement** 
� Labor Contract (if separate from the 
equipment purchase agreement) 

� Energy Efficiency Documentation* 
□ CF-1R form 
□ Electronic input file (.bld/.mp7, 

.mp8) 
□ Construction plan set  

 
Base Incentive Projects, except Solar as 
an Option:  
� Final Subdivision Map/Building Permit 
� EPBI Documentation 

□ CF-1R-PV form 
□ Electronic input files (.emf,  .her) 

� Equipment Purchase Agreement** 
� Labor Contract (if separate from the 
equipment purchase agreement) 

� Energy Efficiency Documentation* 
□ CF-1R form 
□ Electronic input file (.bld/.mp7, .mp8) 
□ Construction plan set  

 

Solar as an Option Projects: 
� Final Subdivision Map 
� Equipment Purchase Agreement** 
� Labor Contract (if separate from the 
equipment purchase agreement) 

� Build-Out Schedule 
 

  To be submitted later when 
installation details are specified:  
� EPBI Documentation 

□ CF-1R-PV form 
□ Electronic input files (.emf,  .her) 

� Energy Efficiency Documentation* 
□ CF-1R form 
□ Electronic input file (.bld/.mp7, 

.mp8) 
□ Construction plan set  

Affordable Housing Projects: in addition to a copy of the regulatory agreement, submit all required supporting documentation 
pertaining to the project’s housing type. TCAC projects have up to 60 days after funding approval to submit the Energy Efficiency 
Documentation.  
*Waived if participating in a utility residential new construction program   
**In the case of lease or PPA projects, an installation contract with equipment listed shall replace the equipment purchase agreement. 
6. Declaration 
The undersigned party declares under penalty of perjury that the information in this form and the supporting documentation submitted 
herewith is true and correct to the best of his or her knowledge and acknowledges the following program requirements to reserve 
funding: 

� Incentives are based on the expected performance of the systems installed.  
� Buildings must achieve at a minimum Tier I Energy Efficiency to be eligible for the program. 
� Systems that are leased or provide electricity under a power purchase agreement are subject to special reporting requirements. 

Applicant may be required to repay some or all of the NSHP funding he or she receives if the system is leased or provides 
electricity through a power purchase agreement, and the lease agreement or power purchase agreement is terminated within five 
years of the system’s installation or the start date of the agreement, whichever is later. 

The undersigned party further acknowledges that he or she is aware of the requirements and conditions of receiving funding under the 
New Solar Homes Partnership (NSHP) and agrees to comply with all such requirements and conditions as provided in the Energy 
Commission’s NSHP Guidebook, Third Edition, and Overall Program Guidebook as a condition to receiving funding under the NSHP.  
The undersigned party authorizes the Energy Commission, during the term of the NSHP, to exchange information on this form with 
applicable electric utility servicing the project to verify compliance with NSHP requirements. 

Signature, Assignment of Administrative Rights and Incentive Recipient Information 
 
 

 
Homeowner or 

Builder/Developer Name:  
 

Signature:  
 

 

 

 

 
 

Date: 

Title: 

 

 

 

 
 

(Optional) 
� I, the applicant, am designating ___________________________ as my authorized representative for the New     
   Solar Homes Partnership program. This party is permitted to sign the NSHP-2(s) and any revised EPBI     
   Documentation on this project on my behalf.  

  
Designated Payee of 

NSHP Incentive:  
 

Payee’s Address:  
 

 

 

 

 

                                                 
30 It will be the responsibility of the applicant to provide this information to the program administrators at the 
earliest opportunity, if not available at this time. This information is used to upload the project information to the 
HERS registry and has to occur in a timely manner at least 6 months prior to the field verification process.  
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31 It will be the responsibility of the applicant to provide this information to the program administrators at the 
earliest opportunity, if not available at this time. This information is used to upload the project information to the 
HERS database and has to occur in a timely manner at least 6 months prior to the field verification process.  

NSHP-1.5 
SOLAR AS AN OPTION APPROVAL FORM 

NEW SOLAR HOMES PARTNERSHIP 
1. Confirmation of Reservation Amount 
  
This is to confirm that financial incentives have been reserved for ___________________ through the NSHP. The amount 
of funding reserved for your project is $_____________.  
 
The reserved funding is based on the following formula:  
 
          Total number of homes in a development or build-out phase x 50% x 2 kW per home x  base incentive  
 
Your reservation period begins _________________ and will expire on _________________. The payment will be made to 
__________________ (designated payee). 
 
The exact incentive amount for each site will not be confirmed until the applicant identifies a specific site to which a solar energy system 
will be installed. At that point, the applicant shall provide a copy of this form and the remaining required supporting documentation 
pertaining to the site to the Program Administrator. The Program Administrator will review and approve the information submitted. Once 
approved, the exact incentive amount will be confirmed, and the applicant will be provided a Payment Claim Form (NSHP-2) for the 
specified site.   
 
2. Site Address 
Address to where the system will be installed: ___________________________________________________________ 
3. Home Energy Rating System (HERS) Information31 (if previously not provided) 
 HERS Rater Company HERS Rater Phone number HERS Provider 
Energy efficiency measures 
verification     

PV installation field 
verification     

4. Signatures 
The undersigned parties declare under penalty of perjury that the information in this form and the supporting documentation submitted 
herewith is true and correct to the best of their knowledge.  

Applicant/ Authorized Representative Required Supporting Documentation

Name:  � EPBI Documentation 
• CF-1R-PV form 
• Electronic input files (.emf,  .her) 

� Energy Efficiency Documentation* 
• CF-1R form 
• Electronic input file (.bld/.mp7, .mp8) 
• Construction plan set  

*Waived if  participating in a utility residential new construction 

Title:  

Signature:  

Date:  

  
For the latest mailing address information, visit [http://www.gosolarcalifornia.ca.gov/contactus.html]. Alternatively, you may submit your 
application via the NSHP application tool at [https://www.newsolarhomes.org]. Please visit the Go Solar California website for tutorials on 
how to use the application tool. 

http://www.gosolarcalifornia.ca.gov/contactus.html�
https://www.newsolarhomes.org/�
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NSHP-2 
PAYMENT CLAIM FORM  

NEW SOLAR HOMES PARTNERSHIP 

                                                                  [CEC use only] 

Incentive @ ______ = $__________ 
 
Payment Approval Date:________________ 

Reservation ID
Project Name 

Address or 
Site ID 

 
 
 
 
 

1. Confirmation of Reservation Amount 
  
_________________ has been granted a reservation of $ ________ for a _________ kW solar energy system. This 
reservation is for a ______________________ project and will expire on ____________.  The system is being installed at 
_____________________. The payment will be made to __________________ (designated payee). 
 
The solar energy system must be completed and the claim submitted with the appropriate documentation by the deadline. Claims must 
be postmarked by the expiration date or the reservation will expire. This reservation is non-transferable. System must be installed at the 
installation address. 

2. Major System Equipment of Record (Modules,  Inverters,  Meters)
 
             
  

Quantity 
 

_________

_________

_________

_________   

Manufacturer
 

_____________________________

_____________________________

_____________________________

_____________________________ 

Model
 

_________________________

_________________________

_________________________

_________________________   

Cost
  

____________

____________

____________  

____________ 

 

3. System Details 

Total System Price: 
 
  Total HERS Cost: 

 
Lot Number: 

Equipment Cost 
(before rebate):  PV HERS Cost: Final Address: 

Installation Cost:  EE HERS Cost: Interconnection Date: 

 Sales Arrangement: 
     � Purchased      �Leased      �PPA Annual kWh: 

New Construction 
Building Permit Issue 

Date: 
Final Equipment Seller Name:     
  
 
 
 

Final PV HERS Rater Name and Provider: 

Final System Installer Name: Final EE HERS Rater Name and Provider: 

4. Modifications 
Has any of the equipment or installation specifications changed since the reservation was approved? � Yes � No 
If yes note the changes before claiming payment. 
 
_________________________________________________________________________________________________

_________________________________________________________________________________________________

_________________________________________________________________________________________________

_________________________________________________________________________________________________ 
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5. Payment Assignment 
Is payment assigned to another party?   
           Yes (Please fill out all the sections below.)      
           No (Please skip Section 5 and complete all others.) 
Assignment Request 
 
I, ________________________________, the applicant or authorized representative of the applicant as specified on 
the NSHP-1 form, hereby assign the right to receive payment for the above noted reservation under the NSHP to the 
following individual or entity and request that payment be forwarded to this individual or entity at the address below. An 
STD-204 should be submitted for the person/entity receiving the payment, if not already on record with the Energy 
Commission. 

 
Name: 

Address:  
 
 

Phone Number: 

 
 

 

 

 

 

As the applicant or authorized representative of the applicant as specified on the NSHP-1 form, I understand that I 
remain responsible for complying with the requirements of the NSHP and will remain liable for any tax consequences 
associated with the reservation payment, despite the payment’s assignment. I further understand that I may revoke this 
payment assignment at any time prior to the Energy Commission’s processing of the payment by providing written 
notice to the Energy Commission’s Renewable Energy Office. 

 
Signature: 

 
Name:  

 
 
 
 

 
Date:  

 
Title:  

 
 
 
 

 

6. Signatures 
The undersigned party declares under penalty of perjury that the information in this form and the supporting documentation submitted 
herewith is true and correct to the best of his or her knowledge. The party further declares under penalty of perjury that the following 
statements are true and correct to the best of his or her knowledge: 
(1) The electrical generating system described above and in any attached documents meets the terms and conditions of the Energy 

Commission's NSHP and has been installed and is operating satisfactorily as of the date stated below. 
(2) The electrical generating system described above and in any attached documents is properly interconnected to the utility 

distribution grid and has been issued utility approval to operate the system as interconnected to the distribution grid.  
(3) The rated electrical output of the generating system, the physical location of the system, and the equipment identified were 

installed as stated above. 
(4) Except as noted above, there were no changes in the information previously submitted for this system.  
The undersigned party further acknowledges that he or she are aware of the requirements and conditions of receiving funding under 
the NSHP, including the special reporting and repayment requirements for leased systems and systems providing electricity under a 
power purchase agreement, and agree to comply with all such requirements and conditions as provided in the Energy Commission’s 
NSHP Guidebook, Third Edition, and Overall Program Guidebook as a condition to receiving funding under the NSHP.  As specified 
in the NSHP Guidebook, the undersigned applicant authorizes the Energy Commission during the term of the NSHP to exchange 
information on this form with the electric utility servicing the system in order to verify compliance with the NSHP requirements.  

Applicant/ Authorized Representative 
Required Supporting 

Documentation 
Documents to be Verified by 

Program Administrator 

Name:  • Ten-Year Warranty Form 
(NSHP-3) 

• Payee Data Record (STD-
204), and IRS W-9 if 
requested 

• Lease or Power Purchase 
Agreement, if applicable 

• Final EPBI Documentation 
(CF-4R-PV) 

• Final Energy Efficiency 
Documentation (CF-4R 
and/or CF-4R-NSHP) 

• Utility Approval of 
Interconnection 

Title:  

Signature:  

Date:  

  

For the latest mailing address information, visit [http://www.gosolarcalifornia.ca.gov/contactus.html]. 

http://www.gosolarcalifornia.ca.gov/contactus.html�
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NSHP-3 TEN-YEAR WARRANTY FORM 
NEW SOLAR HOMES PARTNERSHIP 

 
System Information 
This warranty applies to the following ______ kW solar electric generating system 
Description: ____________________________________________________________ 
Located at:  ____________________________________________________________ 
 
What is Covered 
 
This ten-year warranty is subject to the terms below (check one of the boxes): 
 
�All components of the generating system AND the system’s installation. Said warrantor shall bear the full 

cost of diagnosis, repair, labor, and replacement of any system or system component, at no cost to the 
customer. Said warrantor also assumes coverage of the major system components in all situations where the 
manufacturer warranty does not cover the entire ten-year period; or 

 
�System’s installation only. Said warrantor shall bear the full cost of diagnosis, repair, labor, and replacement of 

any system or system component, exclusive of the manufacturer’s coverage, at no cost to the customer. Copies 
of manufacturer ten-year warranty certificates for the major system components (i.e. photovoltaic modules and 
inverter MUST be provided with this form). 

 
�Owner-builder or self-installed installation. Warranty is inclusive only of the manufacturer’s coverage. Copies of 

manufacturer ten-year warranty certificates for the major system components (i.e. photovoltaic modules and 
inverter MUST be provided with this form). The owner-builder or self-installer assumes coverage of all other 
aspects of the ten-year warranty. 

 
General Terms 
 
This warranty extends to the original purchaser and to any subsequent purchasers or owners at the same location 
during the warranty period. For the purpose of this warranty, the terms “purchaser,” “subsequent owner,” and 
“purchase” include a lessee, assignee of a lease, and a lease transaction. This warranty is effective from 
_________________ (date of completion of the system installation). 
 
Exclusions 
 
This warranty does not apply to: 
• Damage, malfunction, or degradation of electrical output caused by failure to properly operate or maintain the 

system in accordance with the printed instructions provided with the system. 
• Damage, malfunction, or degradation of electrical output caused by any repair or replacement using a part or 

service not provided or authorized in writing by the warrantor. 
• Damage malfunction, or degradation of electrical output resulting from purchaser or third party abuse, accident, 

alteration, improper use, negligence or vandalism, or from earthquake, fire, flood, or other acts of God. 
 
Obtaining Warranty Service 
 

Contact the following warrantor for service or instructions:  

Name: _____________________________________________  Phone: (          ) 

Company: __________________________________________  Fax:     (          ) 

Address: ___________________________________________                  

 

Authorized Representative(s): ______________________________________         Date: ________________ 
 


