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Executive Summary

This report covers the development of solar photovoltaic energy production in the town of Wayland, Massachusetts. It positions the town's solar photovoltaic electricity production (PV) in the context of Massachusetts. It shows that even before the spring and summer of 2012, when Wayland participated in the Solarize Massachusetts program, the town was in some respects already a “solar leader” in the state. It shows that the Solarize Massachusetts program propelled the town further up the leader boards for solar PV. Wayland became (1)  number one in number of installations per 1,000 residents in mid-size municipalities, (2) number one on the leader board for capacity per capita for the MetroWest and (3) number four in capacity per capita among midsize towns statewide. The report also addresses the adoption of solar PV in the various sectors in Wayland and concludes that it has only made inroads in the private, and more particularly, in the residential sector.  Finally, the report explores some ways in which Wayland could increase its solar electricity production in both the private and municipal sectors. The report focuses almost exclusively on the economic aspects of solar PV, giving some attention to how solar PV makes the Town of Wayland a more resilient community. It does not touch upon the environmental benefits of solar PV.
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1. Solar Leaders in Massachusetts and in the MetroWest

1.1. US and MassachusettsMassachusetts is a clean energy leader in the U.S. The study,  A Future of Innovation and Growth: Advancing 
Massachusetts' Clean-Energy Leadership, prepared in 20101, compared Massachusetts’ clean-energy leadership with other leading states. Their scorecard puts Massachusetts in second place, behind only California and ahead of OR, CO, NJ, CT, NY, MD, WA, AZ, IL, FL, PA and TX.

Figure 1. Photovoltaic solar resource map                 Using many criteria, this study determined that one of the areas where Massachusetts excels is solar, more specifically solar photovoltaic (PV) systems, which generate electricity from the sun's energy. For instance, PV systems have now been installed in at least 333 of Massachusetts’ 351 cities and towns, with 21 towns having installed their first solar panels since the beginning of 2011. This may sound strange, since according to the photovoltaic solar resource map, Massachusetts averages only 4 kwh per square meters per day, compared to some southern states that average 5 kwh per day and southwestern states that average up to 6.8 kwh or even more (cf. Figure 1).2However, because of its cold climate, energy demand is high in Massachusetts. We also lack conventional energy resources, so our electric grid relies heavily on the import of expensive and unpredictable power sources: natural gas (50%), coal (24.6%), nuclear (13%)3. Combined, resource dependency and climate give the State some of the highest rates for electricity in the U.S. It makes sense, then, that in Massachusetts clean-energy sources can more easily compete with fossil fuels. Add to that  favorable policies. A recent report by Ernst & Young listed Massachusetts as the second most attractive solar energy market in the US (tied with Hawaii and trailing California), due to in part to a favorable policy environment4. Yet another factor is the decline in the installed price of solar photovoltaic systems:  by 17% between 2009 and 2010 and by an additional 20% in 20115.As a result, between 2007 and mid 2012, solar electricity production in Massachusetts grew 43-fold, from less than 4 mw (megawatt) to more than 174  mw. This puts the Commonwealth well on its way to meeting its goal of installing 250 mw of solar power by 2017. And this growth is accelerating: nearly as much capacity was installed in the first five months of 2012 as in the Commonwealth’s entire history through 2010. This acceleration is far from over, and small communities like ours have a major role to play.  In this report we focus on the Solarize Massachusetts program for small residential and commercial solar PV, which in 2012 resulted in 802 new installations for a total of 5.1 mw in 17 Green Communities, Wayland among them.1 A Future of Innovation and Growth: Advancing Massachusetts' Clean-Energy Leadership, 2010, by Clean Edge Inc. for the Massachusetts Clean Energy Center (MassCEC). http://www.frontiergroup.org/reports/fg/massachusetts-solar-leaders2 http://www.nrel.gov/gis/images/  map_pv_national_lo-res.jpg   )3 http://www.instituteforenergyresearch.org/states/massachusetts/   4 Ernst & Young, United States Renewable Energy Attractiveness Indices, February 2012. http://www.ey.com/Publication/vwLUAssets/United_States_renewable_energy_attractiveness_indices/$FILE/United_States_renewable_energy_attractiveness_indices.pdf 5 Galen Barbose, et al., Lawrence Berkeley National Laboratory, Tracking the Sun IV: An Historical Summary of the Installed Cost of  
Photovoltaics in the United States from 1998 to 2010, September 2011.

http://www.frontiergroup.org/reports/fg/massachusetts-solar-leaders
http://www.ey.com/Publication/vwLUAssets/United_States_renewable_energy_attractiveness_indices/$FILE/United_States_renewable_energy_attractiveness_indices.pdf
http://www.ey.com/Publication/vwLUAssets/United_States_renewable_energy_attractiveness_indices/$FILE/United_States_renewable_energy_attractiveness_indices.pdf
http://www.instituteforenergyresearch.org/states/massachusetts/
http://www.nrel.gov/gis/images/map_pv_national_lo-res.jpg
http://www.nrel.gov/gis/images/
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1.2. Solar leaders in MassachusettsSince our main reference here, Massachusetts' Solar Leaders6, was completed in 2012, right before Solarize 2012 went into effect, it gives us a good baseline for assessing solar PV in Wayland, in context.  
CAUTION. The estimates of solar photovoltaic installations by municipalities in this report are based on data provided by the Massachusetts Clean Energy Center (MassCEC), which primarily tracks the PV systems that are eligible for Solar Renewable Energy Certificates (SRECs). Not all systems are eligible and are therefore excluded. The data also represent systems that were registered as in service (interconnected, not just installed) before May 24, 2012 and after 2002. Data on the total number of installations are based on individual records in the MassCEC database. When we look at Wayland's specific data in “2. Wayland: A Regional Solar Leader,” we will see a discrepancy with the numbers in the report. However, since all communities  were treated to the same methodology, the report's numbers are still serviceable for comparisons within the context of Massachusetts.

Massachusetts' Solar Leaders applied four measures. The first two are absolute, the next two are relative: (1) Total number of solar PV installations per municipality(2) Total solar PV capacity per municipality(3) Number of solar PV installations per 1,000 residents(4) Solar PV capacity per capita
1.2.1. The big ones in absolute numbersBy its sheer size, the city of Boston leads with the highest photovoltaic generating capacity (5,647 kw) and the highest number of installations (157). It is interesting to note that the next three leaders, Holyoke, Pittsfield and Springfield, rise to the top because of large solar installations. 

▪ Almost all of Holyoke's 4,527 kw comes from one of only two installations: the 4.5 mw project commissioned by Holyoke Gas & Electric, the city’s municipal utility. 
▪ Pittsfield's 4,326 kw are mainly produced by the Western Massachusetts Electric Company Silver Lake Solar facility, which is currently New England's largest solar project (over 6,500 panels generating 1.8 mw). Pittsfield has only 25 installations, which means that the average system size of the other 24 is over 100 kw. 
▪ Springfield is similar in that it gets 2,959 kw out of 26 installations. It will soon be home to an even larger Western Massachusetts Electric Company site with 17,000 solar panels, producing up to 4.2 mw. To put this in context, at least 21 Massachusetts cities and towns had more than 1 mw of solar energy capacity  mid 2012. Our neighbor Framingham produced 1212.3 kw with 44 installations.  Before Solarize, Wayland produced  

only 121 kw of solar electricity with 30 installations.

6  Massachusetts' Solar Leaders, The Cities and Towns at the Forefront of the Clean Energy Revolution, by the Environment Massachusetts Research & Policy Center, 2012. http://www.environmentmassachusetts.org/sites/environment/files/reports/Massachusetts%20Solar%20Leaders.pdf

http://www.environmentmassachusetts.org/sites/environment/files/reports/Massachusetts%20Solar%20Leaders.pdf
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1.2.2. Relative measuresThe two relative measurements are more interesting than the absolute ones. For instance, though Boston led in absolute numbers, it actually ranked in the bottom half of all cities and towns in Massachusetts when it came to number of installations per 1,000 residents (290th) and to per-capita deployment of solar energy (197th).
1.2.2.1. AdoptionThe total number of solar photovoltaic installations per 1,000 residents (Figure 2) measures the breadth with which solar energy has been adopted in a community relative to its size. Because it measures the relative number of installations, it is a better measure of adoption of small-scale systems. Because it relates to a community's size, it is a better measure of solar adoption in smaller communities such as ours. The twenty leaders here are in small (population under 10,000) and midsize (between 10,000 to 50,000) towns on Cape Cod and the Islands, followed by small and midsize communities in western Massachusetts (cf. Figure 2). All these range from 8.1 to 3.7 installations per 1,000 residents.  Before Solarize, Wayland counted 2.31 installations  

per 1,000 residents, ranking 87th in the state overall.Among larger communities (over 50,000), Plymouth leads with 0.832 installations per 1,000 residents, followed by Newton (0.763), Cambridge (0.732) and Framingham (population 66,910; 0.644 installations per 1000 residents). 
Among communities with 10,000 to 50,000 residents, Wayland ranked 6th .

1.2.2.2. Resilience
Figure 2                                             The other relative measure is solar PV capacity per capita, which measures the amount of electricity a community is capable of producing from solar energy, divided by its population. This is a useful measure of how much solar could contribute to the community should that community have only its own, locally produced solar electricity. The small town of Sheffield, in western Massachusetts, with its 16 installations producing 2,072 kw for 3,257 residents, would be best off: each resident would get 0.636 kw. According to this measure, Sheffield ranks just ahead of many small towns on Cape Cod and the Islands. By contrast, Holyoke, even with its massive solar farm, produces only 0.114 kw for each resident. Among larger communities, Springfield supplies 0.019 kw followed by Haverhill (0.019), Waltham (0.018) and Framingham (0.018).  

Wayland, pre-Solarize, could produce only half that, 
0.009 kw for each resident.
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1.3. The MetroWest in Massachusetts
Figure 3                                                   Comparing the regions of Massachusetts (Figure 37), the Cape and the Islands showed the fastest, broadest adoption of solar energy. They had 13 times more solar PV systems per 1,000 residents than the city of Boston. Our MetroWest region came fourth among the seven regions.

7 These figures are taken from Massachusetts' Solar Leaders, The Cities and Towns at the Forefront of the Clean Energy Revolution, 2012.   
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2. Wayland: A Regional Solar Leader

2.1. Wayland pre-SolarizePre-Solarize, within the MetroWest, (Figure 4), Lowell led for absolute solar PV capacity and Framingham led for the number of solar PV installations. Sherborn (population 4,200), with 13 installations for 209.4 kw, led the region in both per-capita deployment and number of installations per 1,000 residents.               Figure 4. MetroWest Solar Leaders 

These numbers show that Wayland already scored reasonably well pre-Solarize. In absolute terms, with a total of 30 installations by mid 2012, Wayland came 32nd in the statewide ranking and 3rd among “MetroWest Solar Leaders”. Even more impressive, in relative terms, Wayland came 3rd  in the MetroWest with 2.3 installation per 1,000 residents. However,  in terms of capacity per capita. Wayland did not make any of the leader boards, either statewide (ranked 141st), or among midsize communities (Figure 2), or in the MetroWest region (Figure 4). This means that we had a high adoption rate but that the installations were on average too small to make an impression in terms of capacity. All  
our 121 kw were produced by 30 systems, making the average system size just a little over 4 kw. The following table (Figure 5) places this number in its more immediate (Pre-Solarize) context  among Lincoln and Sudbury (later our partners in the Solarize program) and some other neighboring towns with which we like to compare ourselves. In terms of  capacity per capita, Wayland came last among these towns (essentially tied with Sudbury).

 Figure 5. Wayland and local communities (pre-Solarize)

Population(2010 census) PV capacity (kw) [Rank] No. of installations[Rank] Capacity per capita (kw) [Rank] Installations per 1,000 residents [Rank]Concord 16,993 266.9    [89] 13      [114] 0.015       [140] 0.7      [190]Weston  11,261 159       [124] 11      [140] 0.0141     [148] 1         [166]Lincoln 6,362 72.5      [183] 11      [140] 0.011       [171] 1.7      [108]Natick 33,006 342.1    [79] 36      [23] 0.010       [188] 1.1      [155]Wayland 12,994 121       [141] 30      [32] 0.0093    [193] 2.3      [87]Sudbury 17,659 164.2    [123] 12      [127] 0.0092     [194] 0.67     [198]We note that the 121kw capacity recorded by the MassCEC does excludes several arrays that are not on their records. We there estimate that there is more capacity, but at the time of writing lack the exact data.  
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2.2. Solarize Massachussetts 2012

 
2.2.1. Goals and state-wide resultsSolarize Massachusetts a state-sponsored program developed by the Massachusetts Clean Energy Center (Mass CEC) and the Massachusetts Department of Energy Resources (Mass DOER) to encourage residential solar photovoltaic electricity (PV) installations. The program provides a framework for municipalities, homeowners and solar installers to work collaboratively to maximize cost-savings and energy efficiency benefits.The program was only available to designated Green Communities (31 of 86 towns applied). It had been piloted in four communities in 2010, and was extended, in 2012, to 17 towns.The goals for the program were 

• to substantially increase the number of solar PV installations in the area by identifying suitable residences and engaging homeowners and businesses.
• To offer the most cost-effective and reliable approach by involving community representatives to do most of the outreach. This results in a substantial reduction of customer acquisition costs for the installers. These savings were passed on to customers in the form of tiered pricing reductions.
• To lighten the potential customer's work by having the Request for Proposals (RFP) and the contracting for this group purchase done by the MassCEC.
• To inform and educate all residents about the advantages, incentives and practicality of solar power for their homes and businesses.In their Solarize Massachusetts Program Update8, the MassCEC indicates the following:
• Over 5,400 residents and businesses expressed interest in participating in the 2012 Solarize Mass  program.
• More than half of these were determined early on to have non-feasible sites for solar electricity.
• Even though these customers didn’t ultimately contract to install solar electricity, their participation was still valuable, as they could help spread the word about the program to other people  in the community
• Fifteen percent of the original 5,405 interested residents contracted to install solar electricity. That is about 30% of the customers who passed the initial feasible site screening.
• Installers have told MassCEC that these “closure rates” are significantly higher than their business as usual numbers, again demonstrating the value of the program in reducing customer acquisition costs for the Installers.Lincoln, Sudbury and Wayland teamed up to submit a successful proposal for a regional program. For Wayland, the grassroots stimulus and effort came from Transition Wayland (solar coach: Kaat Vander Straeten) and the Energy Initiatives Advisory Committee (assistant solar coach: Anne Harris). Our three towns engaged Astrum Solar  as the selected installer.  The program ended on November 4, 2012.Figure 6 summarizes the program for all 17 communities involved in Solarize Massachussetts 2012. It reflects only the systems contracted with the selected installers and excludes systems that were added over this period by installers outside the program.

8 MassCEC, Solarize Massachusetts Program Update, source: http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf 

http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf
http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf
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Figure 6. Final results of 2012 Solarize Massachusetts program9

Solarize Presentation at the Sudbury-Lincoln Regional High School, May 2012
9 MassCEC, Solarize Massachusetts Program Update, source: http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf 

http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf
http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf
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2.2.2. Price structureAt the beginning of the 2012 program, the average cost to purchase a residential or small-scale commercial system in Massachusetts was $5.23/watt. Competitively selected Installers offered initial discounts of up to 29% off the market price for installations, and up to 35% reductions based on resident participation. The initial discount was an important advertising tool, and in combination with a tiered pricing structure, enabled installers to stay well ahead of ongoing industry-wide cost declines during the program.10Figure 7 shows the official pricing structure of the Astrum Solar arrays for Wayland, Lincoln and Sudbury.
        Figure 7. Pricing structure for Solarize Wayland, Lincoln and Sudbury

Tier 1: < 25 kw Tier 2: 25-50 kw Tier 3: 50-100 kw Tier 4: 150-250 kw Tier 5: > 250 kwOWN: $ / W 4.15 4.1 3.9 3.8 3.7 PPA/LEASE: $ / kwh 0.136 0.133 0.109 0.096 0.089These prices reflect costs before rebates and incentives. They do not include adders for extras, such as structural engineering analysis, upgrades to higher quality panels, structural improvements to the building, extra racking, extra electrical work, etc.  Also, when Astrum Solar answered the Request for Proposals (RFP) from the MassCEC, the request was for Power Purchase Agreement (PPA) pricing. Astrum Solar did not offer PPA and their initially many leasing products did not quite lend themselves to such a summary.  Still, as Case Study Four (p. 27) shows, the final cost of one of these Solarize arrays, before incentives, was $19,425 for a 5,250w system, that is, approximately $3.70/watt.In their Solarize Massachusetts Program Update11, the MassCEC published a figure (reproduced as Figure 8, below) that is more helpful because it places the pricing relative to the other Solarize communities. The red line indicates the cost per watt of solar electricity at the start of the program ($5.23/watt), and the purple line notes the average base cost of purchased solar electricity projects as part of the Solarize Mass program ($3.91/watt).  
Figure 8. Tiered pricing structure for all Solarize Mass 2012 communities

10 MassCEC, Solarize Massachusetts Program Update, source: http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf 11 MassCEC, Solarize Massachusetts Program Update, source: http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf 

http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf
http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf
http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf
http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf
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       Figure 9. Direct purchase versus Lease or PPA, Solarize 2012, statewide

2.2.3. Wayland results

Solarize Wayland Team at the Wayland Summer Farmers Market, August 2012Thanks to effective grassroots outreach, the program was a great success in our town. Wayland signed the first Solarize 2012 contract and also had the first installation. Wayland, Lincoln and Sudbury together reached Tier Five in record time, by the beginning of August. It was the only group to surpass a megawatt of total capacity. Through Solarize, Wayland, Lincoln and Sudbury together added 137 systems totaling 1281 kw.  Wayland by itself added 74 
systems totaling 659.1 kw. 
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2.3. Wayland post-Solarize 2012In their Solarize Massachusetts Program Update12, the MassCEC published Figure 10, which illustrates the number of solar electricity projects installed in each community as far back as 2002 (blue portions), versus the number of projects that were contracted during the five month sign-up period under Solarize Mass (green). 
   Figure 10. Number of projects installed pre-Solarize and during Solarize 2012

Figure 10 also shows the Solarize Mass Adoption Multiplier and shows that the average adoption rate, as a function of population, increased in Solarize communities by an average of 20 times between “business as usual” in 2011 and the Solarize Mass program in 2012. Wayland, Lincoln and Sudbury, already high adopters before Solarize (second only after Boston), achieved a high adoption rate multiplier of 30%, outdone only by Melrose, which started with very few pre-Solarize arrays.In order to assess the new, post-Solarize situation for Wayland alone, we composed Figure 11. In this table, the new numbers for Wayland and the other high-achieving Solarize towns reflect the pre-Solarize situation plus the Solarize numbers (so again excluding any systems installed after May 2012 but outside the program). The numbers for non-Solarize towns are from May 2012. 
      Figure 11. Wayland in context post-Solarize (grey = non-Solarize towns)Population (2010 census) PV capacity (kw) No. of installations Capacity per capita (kw) Installations per 1,000 residentsWayland 12,994 1036 [*] 105 [*] 0.079 [*] 7.97 [*]Newburyport 17,416 1250 70   0.071 4.01Hopkinton 14,925 910 80 0.061 5.36Lincoln 6,362 386 43 0.0607 6.75Sudbury 18,244 473 43 0.0259 2.36Arlington 42,844 1033 202 0.0240 4.71Melrose 26,983 492 85 0.018 3.15Concord 16,993 267 13   0.015       0.7   Weston  11,261 159      11      0.0141    1        Natick 33,006 342.1    36     0.010       1.1     [*] Without the Stop and Shop array (181.83 kw): 854.1  kw capacity, 104  arrays, 0.0657 kw capacity per capita, 8 installs/1,000 residents

12 MassCEC, Solarize Massachusetts Program Update, source: http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf 

http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf
http://www.solarizemass.com/masscec/file/REG/Solarize/2012%20Solarize%20Massachusetts%20Program%20Update%20FINAL.pdf


Solar Photovoltaic Energy Production in Wayland, MA      15/37Wayland more than tripled its amount of installations (from 30 to 105), propelling it past Harwich (cf. Figure 2) to 
number one on the score board for number of installations per 1,000 residents in mid-size municipalities,  
statewide.Even better, because Solarize (Stop and Shop excluded) added systems that were much larger than previous Wayland systems, on average 8.9 kw, our town multiplied its absolute solar capacity by a factor of seven (from 121 kw to 854.1 kw; with the Stop and Shop array, we multiplied the capacity by a factor of 8.5.)  Thus we came a long way in addressing our relative capacity issue. Local electricity producers can now provide each Wayland resident with 0.0657 kw and 0.079 kw when including the Stop and Shop array.This places Wayland first for capacity per capita for the MetroWest and to number six, statewide among midsize  
towns.  If we add the 181.83 kw Stop and Shop array, Wayland ranks fourth among midsize towns statewide.By contrast, Arlington, which did better in the program than Wayland in absolute terms by adding 157 systems producing 718 kw (average system size: 4.5 kw), increased its capacity from 0.01 kw to only 0.024 kw per capita. 
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2.4. What Solarize teaches us: unmet needs, opportunitiesEven before Solarize, Wayland had a high adoption rate of solar PV. Our town was therefore primed to make the Solarize program a great success. Policy (subsidy) and market forces make solar PV a good investment and the rising financial cost of conventionally produced electricity make solar PV more competitive. These economic factors have made it possible for more people to act upon their environmental aspirations to cut their carbon footprints. Others like the increased resilience of local, decentralized and clean energy production.Solarize also revealed needs for solar PV that could not be serviced by the program.1. Many homeowners found that their properties were too shaded or that their roofs were not well oriented for solar,  or too old, or structurally incapable of supporting an array.  Many of these residents remain interested in producing and/or consuming locally and cleanly produced electricity under some other scheme.  We need 
to investigate how these “shaded-out” residents can participate in local solar electricity.2. The sizing of solar systems is always a challenge. After some period we may find that some of the systems that were put in with Solarize were oversized. This means there will be an overproduction of kwh and thus an accumulation of dollar credits in host customer's NSTAR accounts. We need to monitor the production  
and look into ways in which over-producing customers can transfer (sell or donate) these credits  
locally. 3. Solarize was geared toward the private sector, that is, homeowners and businesses. In Wayland, however, it failed to attract businesses.  We need to make it easier for more of our businesses to go solar. 

4. Several non-profit and not-for-profit organizations (mainly houses of worship) were interested in the program. However, since in most cases solar PV is only financially attractive because of state and federal tax credits, these organizations were looking at a much higher bill and a much longer pay-off period. We need to  
find ways to make solar attractive to not-for-profits. 5. Solarize was not designed to impact the public sector, but it shows that Wayland residents would support solar PV on municipal and school buildings and land for many reasons: (1) as the source of electricity for their own homes, (2) as a way of powering those municipal properties, thereby reducing taxes and even generating revenue, (3) as clear  manifestations of Wayland's commitment to Earth stewardship, (4) as a step toward increased resilience. We need our local government to show that it too is dedicated to clean, local,  
and resilient energy. 
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3. Wayland's Private Sector Solar Energy Needs and Opportunities

3.1. The private sector drives PVThe private sector is an important driver of solar PV worldwide, nationally and in our State. So far, private installations are responsible for at least 37 mw13 of solar photovoltaic capacity in Massachusetts. Boston ranks first for privately installed capacity and for the number of private solar installations. In terms of privately installed solar capacity, Sutton ranks second with its 983 kw solar installation on the rooftop of a National Grid warehouse (a private utility company), followed by Framingham, Falmouth and Fall River. In Wayland, so far, the private sector has exclusively driven solar PV. All of the 105 installations to date are  
privately owned or leased.Residential and business owners have many reasons to put solar PV on their rooftops.

• financial reasons: savings, investment, income, increase in house resale values
• environmental reasons: displace fossil-fuel carbon emissions with clean, renewable energy
• individual energy resilience: create one's own electricity, locally and decentralized, resilience as a hedge against future price fluctuations
• energy independence: freedom from foreign fuels, possibly go off-grid
• contributions to community by net-metering excess production
• novelty, “fashion”
• for businesses: gaining customer interest and goodwill as a “green business”Only in very few cases do financial reasons not factor into the decision to go solar. A home or business owner may want to be a good steward of the Earth, or attract more customers, but if going solar does not make financial sense, he or she will not go forward. So what are the financial benefits of going solar for the private sector? First of all, there is the reduction or elimination of electricity costs. Secondly, there are federal and state incentives for installing solar. Thirdly, solar is an investment: depending on the ownership model, it generates income from SRECS. All of these factor into the pay-back period of the system, after which it starts generating net-income.Since the bulk of electricity in Wayland is consumed by residents, we will first concentrate on the residential situation. Later we will look at business and non-profit examples.

13 “At least,” because this number does not yet include the capacity that Solarize has put in the pipeline (contracted but not yet installed/activated). 
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3.2. Residential Needs and Opportunities

3.2.1. Wayland's yearly residential electricity consumptionWe have no easy access to precise data on how much electricity Wayland households consume, but we can extrapolate from more general data. First, Figure 12 shows that the residential sector accounts for the majority of electricity consumption in our state.
    Figure 12. Retail Sales of Electricity in Massachusetts (2010), in million kwh, per Sector

Type SalesResidential 21409Commercial 18,243Industrial 17,116Transportation 355
TOTAL 57123In 2010, in Massachusettts, 2,674,717 residential consumers (households) bought 21,409 million kwh. The average Massachusetts household thus consumes 8004 kwh per year14. Figure 13 gives us numbers for towns similar to ours.
     Figure 13. Average monthly residential household consumption of electricity (2010- 2011)15

Monthly average Yearly totalMA 667 kwh 2,674,717 consumers bought 21,409 million kwh (2010)Concord 928 kwh 6,400 consumers bought 71,314 mwhours (2011)Wellesley 999 kwh 8,847 consumers bought 106,111 mwhours  (2011)Let's assume that, demographically, Wayland is most similar to Concord. Then we estimate that the average Wayland household consumes approximately 11,160 kwh per year.  We also know from the 2010 Census that there were 4843 households in Wayland occupying 4,625 housing units16. This means that all Wayland households together consume 54,047,880 kwh (54,047 mwthours) each year. 
3.2.2. Savings on cost of residential electricity and impact on house resale valueThe present fixed rate for residential customers (January 2013-June 30, 2013) is 7.031 cents/kwh. This is added to the monthly service fee of $6.4317. Figure 14 shows the breakdown of these prices:

14 Per capita, in 2010, each Massachusetts resident consumed on average 3,266 kwh, compared to 4,674 kwh for US per capita for residents. Source: EIA SEDS database, http://www.eia.gov/beta/state/seds/ 15 http://www.eia.gov/electricity/sales_revenue_price/   
16  http://www.zip-codes.com/zip-code/01778/zip-code-01778-census-comparison.asp17 http://www.nstar.com/residential/rates_tariffs/basic_service.asp   

http://www.nstar.com/residential/rates_tariffs/basic_service.asp
http://www.eia.gov/electricity/sales_revenue_price/
http://www.eia.gov/beta/state/seds/
http://www.zip-codes.com/zip-code/01778/zip-code-01778-census-comparison.asp
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Figure 14. NSTAR's A1 - Residential rate18: The basic, general use rate is available to all residential customers for lighting, heating and other uses in residential premises. This rate may also apply to condominium common areas and buildings used exclusively for public worship.
Customer(per month)$6.43 Distribution(per kwh)$0.05617 Transition(per kwh)$0.00877

Transmission(per kwh)$0.01762 Energy Conservation(per kwh)$0.00250 Renewable Energy(per kwh)$0.00050
“Green” options:

• A customer can opt for 50% NSTAR Green, in which case they pay an extra $.03328 per kwh (total $.1002/kwh), or for 100% NSTAR Green, for an extra $.06379 cents per kwh (total $.13078/kwh)19.  
• Wayland customers can also become members of the Mass Energy Consumer Alliance and direct NSTAR to  buy  all-Massachusetts produced renewable electricity from them at an extra 4.1 c/kwh for 100% wind (“New England Wind”), or an extra 2.7 cents/kwh (premium) for a mix of local wind, solar, digester gas (cow power), and low-impact hydro (“New England Green Start”).

Wholesale electricity prices are directly linked to the cost of the fuels used by power generators to produce the electricity. In 2011, Massachusetts generated 68% of its electricity from natural gas20. The price of natural gas and, consequently, the price of electricity has gone through some fluctuations. In the long term, the general trend is one of increase.  In the short term, trends are hard to predict.
        Figure 15. Monthly retail price of electricity to ultimate customers by end-use sector21

Solar is an inflation-protected investment22. That is to say, inflation is good for solar: the higher the inflation, the more the savings, the better the solar deal. 
18 http://www.nstar.com/ss3/residential/rates_tariffs/rates/rates.asp   19 http://www.nstar.com/residential/rates_tariffs/nstar_green/nstar_green.asp   20 http://www.eia.gov/beta/state/?sid=MA#tabs-5   21 http://www.eia.gov/beta/enerdat   22 http://www.ongrid.net/papers/PaybackOnSolarSERG07.pdf   

http://www.nstar.com/ss3/residential/rates_tariffs/rates/rates.asp
http://www.nstar.com/residential/rates_tariffs/nstar_green/nstar_green.asp
http://www.eia.gov/beta/state/?sid=MA#tabs-5
http://www.eia.gov/beta/enerdat
http://www.ongrid.net/papers/PaybackOnSolarSERG07.pdf


Solar Photovoltaic Energy Production in Wayland, MA      20/37All installers of solar PV  assume an annual electric rate inflation. Some base it on the historical data for the previous ten years. Some, like Astrum Solar, allow the customer to input their own predictions, up to 3% per year (in our case studies we've used an even more conservative 2%). There is no regulator or industry standard for these numbers, so the customer is cautioned that they are speculating and should make a conservative judgment.23 PV systems actually appreciate rather than depreciate over time. This appreciation continues until the PV system is no longer functional.  Systems are usually assumed to be worthless at the end of  20 or 25 years. This estimate is conservative, since most the panels are warranted at 20 or 25 years to still work at 80% of their new capability.The ever-increasing annual savings on electric bills translate into an ever-growing decrease in the operating costs of the building. One result is possibly that solar PC systems thereby increase the retail value of a house.  There are as yet no broad comparative studies on this, but the reasoning is that the savings in electricity (operating) costs can be spent on a larger mortgage – or used to pay off a mortgage faster - with no net change in monthly cost of ownership. Some smaller, localized studies24 have shown this to be the case. According to a 1998 study, a home’s value increases $20,000 for every $1,000 reduction in annual operating costs from energy  efficiency.25Regardless of the resale value, the State of Massachusetts has a Property Tax Incentive in place that exempts 100% of the installed cost of the PV system from property taxes for 20 years.
3.2.3. How it works: net-metering

3.2.3.1. CapsMassachusetts has some of the most advanced policies regarding net-metering in the U.S. Energy-producing customers save on their electricity bills or even get credit for overproduction, by virtue of a system called net-metering. Net-metering allows the so-called “Host Customers” three things: 1. They generate their own electricity in order to offset their electricity usage. The customer's “retail meter” spins forward when the customer uses electricity from the distribution company (“the grid”). It spins backwards when the customer generates more electricity than he or she uses.2. They are compensated for any electricity they generate but do not use within the billing period. This is called customer net excess generation (NEG). If there is over-production, the NEG is monetized and the bill includes a monetary credit. These credits never expire and continue to appear on the electricity bill until used up either by the customer or by someone else (re. “b. Neighborhood net-metering”).3. Neighborhood net-metering (cf. Section 5).In September 2012, the state raised the caps to allow net-metering of up to 3% of the utility's (NStar's) peak load for  private entities and for municipalities or governmental entities. It also exempts small projects (<10 kw on single phase lines and <25 kw on three-phase lines) from contributing to the cap.  Moreover, third-party owned systems (PPAs or leases), of which we have many in Wayland, may be net-metered. Because net-metering has an aggregate capacity cap, as described above, the Department of Public Utilities passed a "System of Assurance of Net Metering Eligibility" in May 2012. This will serve as a net metering queue and help potential net metering customers know in advance if their system will be allowed to net meter or not. The Cadmus Group, Inc. has been chosen as the administrator of the system of assurance. Additional details on the system of assurance will become available towards the end of 2012.
23 That predictions about future electricity rates can prove disastrous if they are wrong is shown by the class action suit against SunRun in Oregon, which alleges that the company misled prospective customers about future electricity costs. Customers who entered into a PPA deal with the company ended up paying more for their homemade electricity than what the electricity companies ended up charging.24 e.g., www.nrel.gov/docs/fy04osti/35912.pdf 25 Appraisal Journal article by Rick Nevin and Gregory Watson.

http://www.nrel.gov/docs/fy04osti/35912.pdf
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3.2.3.2. ValueAnother state policy that is favorable to net-metering is that Host Customers are credited the retail, not the wholesale, price of conventionally produced electricity, minus some costs that come with the use of the grid as the “bank,” such as costs for default service, distribution, transmission, and transition charge.  This comes to about $.0686951/kwh (2013 tarrif).As part of the interconnection application, customers applying for net-metering must complete "Schedule Z." See Massachusetts' Interconnection     in DSIRE for more information.  The NSTAR representatives who oversee net-metering services are Joseph Feraci: 781-441-8196 (j  oseph.feraci@nstar.com  ) and Paul Kelley 781-441-8531 (  paul.kelley@nstar.com  )
3.2.4. Incentives for going solar:  State Rebates, State  Tax Credits and Federal Tax CreditsMassachusetts homeowners (and businesses) installing systems smaller than 15 kw and with a site quality of 80% or more, can benefit from a direct state rebate (Commonwealth Solar II, administered by the Mass Clean Energy Center). This rebate is calculated per watt capacity (measured in DC), and maxes out at $4,250 (residential) and  $2,250 (commercial).
Block 13 Rebate Levels (capacity measured in DC)26Base Incentive: $0.40/wattMassachusetts Company Components Adder: $0.05/wattModerate Home Value or Moderate Income Adder: $0.40/watt (residential projects only) Furthermore, the homeowner can take a State Personal Tax Credit of 15% up to $1000 on the installation cost remaining after the rebate. After that, he can take a Federal Residential Renewable Energy Tax Credit of 30%.
3.2.5. Incomes from solar PV:  SRECSMany states are favoring renewable energy production through public policy initiatives. Renewable Energy Certificate (SREC) are an important part of these programs. They provide a substantial income stream to anyone who produces solar electricity.  The following technical discussion explains how SRECs come about, how they are priced and sold. SREC programs first appeared in New Jersey in 2005. Today there are seven U.S. states with active, open SREC markets: Delaware, Maryland, Massachusetts, New Jersey, Ohio, Pennsylvania and Washington, D.C.  According to GTM Research and SRECTrade27, these seven states have seen significant solar development activity. In early 2012, driven by its SREC program, New Jersey surpassed California as the largest retail solar market in the U.S.As of January 2010, Massachusetts has a solar carve-out within renewables portfolio standard (RPS) laws that requires each regulated electricity supplier/provider serving retail customers in the state to include in the electricity it sells 15% qualifying renewables by December 31, 2020. The Massachusetts Department of Energy Resources (DOER) regulates the RPS and developed corresponding rules. In January 2011, final rules were implemented for the state's Solar Carve-Out program, which is the portion of the required renewable energy under the Class I Standard that must come from qualified, in-state, interconnected solar facilities.Solar Renewable Energy Certificates or SRECs are purchased by utilities to meet these RPS compliance obligations.  In Massachusetts, the requirement is set each year by a formula designed to adapt to market conditions.  SRECs arebundled in minimum denominations of one mw-hour (mwh) of production. The price of SRECs is determined primarily by market availability, although the DOER has created a certain amount of market stability by establishing a state Solar Credit Clearinghouse Auction (where prices are fixed at $300/mwh minus a 5% administrative fee, for a total of $285/mwh), as well as the Solar Alternative Compliance Payment (SACP) for the state RPS (set at $550/mwh 26 http://www.masscec.com/index.cfm/page/Commonwealth-Solar-II-Block-13/cdid/14431/pid/11161   27 http://www.greentechmedia.com/articles/read/risky-business-how-is-the-solar-industry-navigating-its-srec-glut  

http://www.masscec.com/index.cfm/page/Commonwealth-Solar-II-Block-13/cdid/14431/pid/11161
http://www.greentechmedia.com/articles/read/risky-business-how-is-the-solar-industry-navigating-its-srec-glut
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Solar Photovoltaic Energy Production in Wayland, MA      22/37for 2012). The Solar Credit Clearinghouse will only be utilized if or when SREC generators, like homeowners, cannot sell their SRECs on the open market. To date, the Solar Credit Clearinghouse has not been utilized.Only solar-electric facilities built after January 1, 2008, may be qualified to generate SRECs. SRECs are generated on or after January 1, 2010, since that is the date the Solar Carve-Out program took effect. Generators must apply and receive a statement of qualification (SQ) from the DOER and must establish an account with NEPOOL GIS     in order to participate in this program.The SACP is set at $550 (2012). The SACP will decrease only if DOER determines this is necessary based on market conditions; it will not be reduced by more than 10% in any year. The SACP was amended and now includes a 10-year schedule, with prices at $550 in 2012, falling gradually to $365 by 2021.The Solar Carve-Out program is intended to support approximately 400 mw of solar production in Massachusetts. Once the state reaches that goal, and the opt-in term for all solar facilities has expired, SRECs will no longer be generated. 28
 Figure 16. SREC info Map, Q3 201229

Though the floor price is $285, prices can rise as high as $600.30 When reckoning SRECs into the decision to go solar, the potential customer does well to do research and to be conservative.  Figure 16 gives some idea of the difficulty of predicting SREC markets. As the price of SRECs is market driven, it fluctuates.
3.2.6. Aggregator FeesThe customer should also know that he will incur fees by engaging an SREC aggregator to sell the credits on the market.  Owners of solar PV systems of any size can establish accounts on the NEPOOL GIS and actively participate in the marketing and selling of SRECs. However, the processes of establishing and maintaining an account may prove too cumbersome. Therefore, most owners become part of an aggregation, which represents a number of PV systems, provides qualification from DOER, establishes an Aggregators Account on the NEPOOL GIS, and markets and sells its members' SRECs.  The DOER itself encourages solar owner's of all sizes to take advantage of such aggregations, but 28 http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=MA98F   29 http://www.greentechmedia.com/research/srec-market-monitor   30 http://www.greentechmedia.com/articles/read/risky-business-how-is-the-solar-industry-navigating-its-srec-glut  
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Solar Photovoltaic Energy Production in Wayland, MA      23/37warns that each owner must be aware of and carefully consider the aggregation's contract terms and fees for the disposal of its members' SRECs.31Aggregators are qualified by DOER when they receive a Statement of Qualification after positive review of their Statement of Qualification Application which contains the initial set of one or more individual projects forming the aggregation. After receiving the Statement of Qualification, the qualified aggregator can seek from DOER the addition of eligible projects to their Aggregation.32The vast majority of Astrum Solar customers in Wayland who keep their SRECS have chosen to let Astrum Solar be their aggregator.  In their proposal, Astrum Solar guarantees the sales revenue of SRECS “for the first 15 years of operation only. The first three years are calculated using our Yearly Payment Option offer ($170/credit) and then a discounted factor is used for remainder of the 15 years.”
3.2.7. Four Case StudiesAll these factors – utility price inflation, rebates and tax incentives, SREC markets – depend on the ownership model. For homeowners with a Power Purchase Agreement (PPA), price inflation or (potentially) decrease is important as their Return on Investment is directly related to the utility costs. Those who lease may or may not get to keep their SRECs. As lessors and PPA customers do not own their system, they cannot take advantage of tax incentives. 1. Case Study 1 shows the basic structure for a homeowner with a moderate Home Value Adder who owns the system outright, gets all the incentives and keeps the SRECs. Before they switched to personal solar electricity production, they were committed to paying the extra amount for 100% renewable energy in the NSTAR Green program.  This household's consumption of electricity is lower than the average Wayland household and their average size system (5 kw) produces slightly more than they consume.2. Case Study 2 features a resident who took advantage of the Solarize program and leases her array from Astrum Solar, does not keep the SRECS and gets no tax incentives.  Her consumption of electricity is below the average Wayland household and though the system is small (4 kw), it is likely to overproduce. This household was also committed to paying extra for 100% renewable energy in the NSTAR Green program. 3. In Case Study 3, the resident  leases the Astrum/Solarize system, keeps the SRECS but does not benefit from the tax credits and rebates. This household's electricity consumption is representative of the average Wayland household. This array does not have optimal site quality.4. In Case Study 4 , the resident  leases the Astrum/Solarize system and keeps the SRECS (but does not benefit from the tax credits and rebates), and his household's electricity consumption is representative of the average Wayland household. This array, however, has optimal site quality. 

31 http://www.mass.gov/eea/energy-utilities-clean-tech/renewable-energy/solar/rps-solar-carve-out/market-resources-  aggregators-retail.html 32 http://www.mass.gov/eea/energy-utilities-clean-tech/renewable-energy/solar/rps-solar-carve-out/market-resources-  aggregators-retail.html 
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CASE STUDY 1: Pre-Solarize ArrayHousehold: 2 adults, 1 child, house footprint: 1,500 sq.f.Follow solar harvest here: https://enlighten.enphaseenergy.com/public/systems/Tyt725743
Electricity usageElectricity used for cooking and appliances (oil for heating, no central AC)type: 100% NSTAR Green average monthly usage: 420-450 kwh

Solar PV system installed: August 2011equipment: 24 SANYO HIT Power Modules with Pmax of 215.0 watts12 Enphase D380 module-direct inverterscapacity (DC): 5,040 Wsite quality:  80%33
Actual production and consumptionproduction over 12 month period (8/8/11- 8/8/12): 5,288 kwhconsumption over that 12 month period 5,031 kwh (overproduced by 257 kwh)solar fraction (= % of that year's consumption)  105.7% 

Financials
fully owned: resident gets rebates, tax credits and SREC income                 BASE cost  total installed cost: $35,6222011 Comm Solar II Rebate:  - $8,000$27,622Federal Tax Credit (30% of remaining cost): - $8,286$19,336State Personal Tax Credit (15% of remaining up to $1000): - $1000Cost after rebates and credits: $18,336                 First year savings and income  avoided utility costs based on rate of  23 cents/kwh   ($0.097 delivery + $0.069 generation + .06379 for 100% Nstar Green) -$1,157credited value of overproduced electricity at the end of the year: -$17.6net SREC income (after aggregator fee) of 5.2 mwh in 2011: - $1,449(rest withheld for sale) .                                          Cost remaining after 1 year  $15,712estimated avoided utility costs over lifetime (25 years)    based on 13.410 c/kwh (2013 rate) and 2% annual rate inflation: $21,609estimated sale of overproduction (for 25 years) at basic retail cost    of 6.86951c/kwh (2013 rate) at 2% annual rate inflation: $565estimated sale of SRECS at base (auction) price of $150 ($285 – fees) $33,050At these rates, the system will have paid for itself in 7 years.

33  “Site quality”: For the purposes of the Commonwealth Solar Grant, the MassCEC uses a%age based site quality. The number indicates the annual energy output for the PV project, based on actual site specific shading, azimuth, and inclination, as a%age of the default optimal output for a fixed PV project  of the same capacity.  Only arrays with an 80% site quality get the grant.
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CASE STUDY 2: Solarize Array 1Household: 1 adult, 1 dogHouse footprint: 1191 sq.f.
Electricity usageElectricity used for appliances (gas for heating and cooking, no central AC)type: NSTAR Residentialaverage monthly usage: 160 kwh

Solar PV system: installed:  December 2012 equipment: 16 Suntech STP2520-20/Wdb panels100% of maximum power (Pmax): 250 wattsEnphase M125 micro-inverterscapacity (DC): 4,000 Wsite quality:  82634
Estimated  first year production and consumptionproduction over 12 month period:  3,305 kwhconsumption over that 12 month period: 1,920 kwh (will overproduce by 1,385 kwh)solar fraction (= % of that year's consumption):  172%

Financials
Leased: resident does NOT get rebates, tax credits and SREC income                 BASE cost  Single Upfront Pre-paid lease payment (Net of Promotions): $7,299.70                 Estimated first year savings and income  estimated savings on electricity bill per year     ($0.097 delivery + $0.069 generation + .06379 for 100% Nstar Green): - $441.6estimated credited value of overproduced electricity( basic retail value $.0686951/kwh) : -    $95                       Cost remaining after 1 year  $6,763estimated avoided utility costs over lifetime (25 years)    (23 cents/kw and 2% annual rate inflation): $14,144estimated sale of overproduction (for 25 years) at basic retail cost    of 6.86951c/kwh (2013 rate) at 2% annual rate inflation: $3,047At these rates the investment will have “paid for itself “ (it is a lease) 13 years after installation. 

34  “Site quality”: Astrum Solar uses a site quality scale from 0 to 1400.  Site quality is a number that converts the amount of solar  panels you install on your roof to the amount of electricity your panels will produce. A 1200 site quality means 1,000 watts of installed solar panels will produce 1,200 kw-hours of electricity over the course of a year.  850 is a “fair” location, 1050 “good,”  1200 “great” and 1400 “ideal”.
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CASE STUDY 3:  Solarize Array 2Household: 2 adults, 2 children, 1 dogHouse footprint: approx. 3000 sq.f.
Electricity usageElectricity used for appliances, air conditioning (central) (otherwise gas heating)type: NStar basicaverage monthly usage: 965 kwh/month 

Solar PV system: installed: September 2012 equipment: 46 Suntech D 380 250 watt solar panelsM215 Enphase Energy MicroinvertersEnphase D380 module-direct inverterscapacity (DC): 11,500 Wsite quality:  64935
Estimated production and consumptionproduction over 12 month period:    7,462 kwhconsumption over that 12 month period 11,580 kwhsolar fraction (= % of that year's consumption)  64.4% 

Financials
Leased: resident does NOT get rebates, tax credits, but DOES keep SRECs                 BASE cost  Single Upfront Pre-paid lease payment (Net of Promotions): $17,434.45                 Estimated first year savings and income  estimated savings on electricity bill per year   ($0.097/kwh delivery charge + $0.069/kwh generation charge): $     1,853estimated sale of SRECS at Astrum broker price of $170) $      1,417                      Cost remaining after 1 year:  $14,164estimated avoided utility costs over lifetime (25 years)    (based on $.166/kwh (2013 rate) and 2% annual rate inflation: $26,079At these rates, the investment will have “paid” for itself  (it is a lease) 6 years after installation

35  “Site quality”: Astrum Solar uses a site quality scale from 0 to 1400.  Site quality is a number that converts the amount of solar  panels you install on your roof to the amount of electricity your panels will produce. A 1200 site quality means 1,000 watts of installed solar panels will produce 1,200 kw-hours of electricity over the course of a year.  850 is a “fair” location, 1050 “good,”  1200 “great” and 1400 “ideal”.
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CASE STUDY 4: Solarize Array 3Household: 2 adults, 1 childHouse footprint: 4,500 sq.f.
Electricity usageElectricity used for appliances and air conditioning (natural gas used for hot water, central heating)type: NSTAR basic average monthly usage: 870 kwh

Solar PV system: installed October 2012equipment: 21 Suntech 250W solar panels21 Enphase M215 module-microinvertersTotal capacity (DC):  5,250 WSite quality: 96436
Estimated production and consumptionannual solar production  5,061 kwhannual consumption 10,440 kwhannual solar fraction        48%

FinancialsPrepaid lease: Developer owns system, and receives tax credit and depreciation.  
                      Homeowner leases system for 20 years, and keeps SREC sale revenues.                 BASE cost  Single Upfront Pre-paid lease payment (Net of Promotions)  $7,696                 Estimated first year savings and income  

savings on electricity bill per year (at rate of $0.166 per kwh)  ($0.097/kwh delivery charge + $0.069/kwh generation charge): -       $840net SREC income (after aggregator fee): -       $850                 Homeowner cost remaining after 1 year   $6,006Projected avoided utility costs over lifetime (20 years)     (at 2% annual electric rate inflation) $25,937

At these rates of consumption, savings and SREC sales, the system will have paid for itself 5 years after installation, after which it is projected to save/generate an average of $1,420 per year for the next 15 years.  Actual returns will vary with changes in NSTAR rates and the value of SRECs.

36  “Site quality”: Astrum Solar uses a site quality scale from 0 to 1400.  Site quality is a number that converts the amount of solar  panels you install on your roof to the amount of electricity your panels will produce. A 1200 site quality means 1,000 watts of installed solar panels will produce 1,200 kw-hours of electricity over the course of a year.  850 is a “fair” location, 1050 “good,”  1200 “great” and 1400 “ideal”.
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3.3. Commercial Needs and Opportunities

3.3.1. Electricity usageLet us turn now the commercial sector. We do not have data on Wayland. For comparison, we can look at the state and comparable towns for data are available, like Concord and Wellesley, given in Figure 17.  
      Figure 17. Average monthly commercial consumption of electricity (200 and 2011)37

Monthly average Year in totalMassachusetts kwh 18,243 million kwh (2010)Concord kwh 1,433 businesses bought 41,17 2mwhours (2011)Wellesley kwh 1,167 businesses bought 79,598 mwhours  (2011)
3.3.2. Incentives for businessesCommercial solar producers can also take advantage of SRECS and the Federal Tax Credit. Their systems are also exempt from increasing their property taxes. In addition, they can take advantage of the Excise Tax Deduction for Solar and Wind Powered systems. In Massachusetts, businesses may deduct from net income, for state excise tax purposes, expenditures paid or incurred from the installation of any "solar or wind powered climatic control unit and any solar or wind powered water heating unit or any other type unit or system powered thereby," including labor expenditures. The installation must be located in Massachusetts and used exclusively in the business or trade of the business.Any business (and not-for-profit) can take advantage of $50,000-$500,000 loans from the MassDevelopment Green Loan Program. The business must have been in existence for 5 years and must prove it can repay the loan. For more info, visit http://www.massdevelopment.com/financing/loans-guarantees/green-loan-program/
3.3.3. Local examples 

Russell's Garden Center: 2010, 25 kw

Tim Skehan recounts how Russell's had looked into solar 6 to 8 years ago, when the cost was still prohibitive. In 2010 Lew Russell asked to look into it again. They found that the drop in prices and the SREC program would make for a three-year payback. “At that point, it was a no-brainer,” says Tim. He added that the turnkey service offered by their installer, Second Generation Energy, also made a difference. Like many sites in Wayland, shade was a challenge, and in order to make the requisite site quality for the state rebate, one old tree had to come down. Like many property owners, the Russells decided it was worth it. Russell's would love to add more solar, but roof space is an issue. (photo credit Second Generation Energy, used with permission)
37 http://www.eia.gov/electricity/sales_revenue_price/   

http://www.massdevelopment.com/financing/loans-guarantees/green-loan-program/
http://www.eia.gov/electricity/sales_revenue_price/
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Pavonix: 2010-11, 63.7 kwPavonix owns 526 Boston Post Road, the home of the Wayland Business Incubator, AI3 (architecture firm) and a short term turnkey office rental company.  In 2010-2011 David Watkins contracted Second Generation Energy to install a solar system there, consisting of 260 panels, 245 watts each, amounting to 63.7 kw on one central inverter.  The estimated annual production is 70,000 kwh.The company owns the system outright, therefore keeping the SRECS as well as the Federal Tax Grant. It also took advantage of the Excise tax deduction for Solar and Wind powered systems, allowing them to depreciate the entire capital expense in the first year they purchased. David Watkins: “Normally that would require a 5 to 25 year depreciation time frame. It is like getting another 39% off if you had income to offset the expense.” The property value increased by $400k, which is exempt from property taxes.The financials break down as follows:System cost: $240,000 Federal Tax Grant: - $72,000(First year excise tax deduction for Solar and Wind powered systems: - $65,520)Annual SCREC income (so far): $30,000Annual Electric Bill Savings: $8,000Break even in Year 4Total savings/income in 25 Years:     $380,000 for electric bill+  $250,000 from SRECs     $630,000Environmental impact: Annual CO2 Conserved: 1.259 Tons
Stop and Shop: 2012, 181.83 kwStop and Shop's 627 panel array was installed after May 2012 and outside of Solarize, as part of Stop and Shop's “green flagship” LEED certified store. It is expected to produce 199,113 kwh per year, which will cover about 10% of the store's yearly electricity consumption. (photo credit Stop and Shop, used with permission)

Lynch Landscape & Tree Service, Sudbury: 2012, 30kwQuentin Nowland learned about the Solarize program through the tree work the company was doing for Solarize customers. His workers would return time and again and mention the Solarize lawn signs. This brought to mind a roof that needed replacing on a building on Lynch's  Sudbury site. With only a week to go in the program when the decision was made, they got the paperwork in just in time. Quentin knows how tough it is for busy, understaffed small businesses to put the necessary time into researching 



Solar Photovoltaic Energy Production in Wayland, MA      30/37their solar options, but he recommends spending that time, because it pays off.  Lynch's 30 kw system has a payback time of 4 to 5 years, after which it will start generating income.  The conpany did do some comparison shopping but found that the Solarize program had done much of the legwork already, and that Astrum Solar offered the best deal and a full turnkey service.  Lynch announced their solar investment in their newsletter and a press release. The company proclaimed proudly , “we are part of this” community effort. 
3.4. Private not-for-profits

3.4.1. The story of Peace Lutheran: outright ownershipPeace Lutheran Wayland had tried several times to install solar, but each time the deal fell through. When Solarize came to Wayland, they tried again, this time cutting to the chase thanks to a no-interest loan from a member of the congregation. The church owns the system, repaying the principle with money saved through reduced utility bills.The installation of the 13.5 kw system was completed by Astrum Solar in February 2013. It consists of 54 panels, each rated at 250w, each with its own micro-inverter.The installation cost before rebates was $49,950. It qualified for a $2,000 Commonwealth Solar II Rebate. The church gets the keep the SRECS, which are aggregated by Astrum Solar. The church will not benefit from tax credits because it is a non-profit, but the congregation decided to go ahead anyway.  Jeff Johnson, pastor at Peace Lutheran, writes the following: “The members of the church were unanimously and enthusiastically behind the project. They see it...
• ...as a green initiative that fits their Christian commitment to stewardship of the earth and its resources.
• ...as a response to Transition Wayland's call to find ways reduce our environmental impact.
• ...as a prudent change that will reduce the cost of operating the building.”The system is estimated to produce 14,000 kwh per year, which should exactly cover the church's yearly electricity consumption.
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4. Solar for Wayland's municipal properties, schools
Figure 18                                            Government agencies at all levels have a responsibility to “lead by example” in the adoption of solar energy, even as they safeguard taxpayer resources by guarding against wild increases in fossil fuel prices. 

4.1. Context

4.1.1. Municipal utilities: ConcordThe MassCEC data for public sector solar installations includes installations by municipal utilities. As a result, Holyoke, whose municipal utility has invested heavily in solar energy, ranks first for public sector solar energy capacity by a wide margin. Our near-neighbor, Concord, is in the process of commissioning a large-scale solar system which will provide up to 2 mw of electricity directly to the town. This system will be added to the portfolio of Concord Light, the town's municipal power plant and distributor.
4.1.2. Schools: Natick

                          Figure 19 In many communities, schools (K-12, both public and private) are important drivers of solar production. They accommodate at least 8.6 mw of solar generating capacity in Massachusetts. Sheffield, which has a 2 mw solar energy system on the campus of the private Berkshire School, leads Massachusetts cities and towns in school-based solar energy, followed by Sturbridge and Milton. Boston leads all municipalities for the number of school-based solar energy installations with seven.Our neighbor Natick is well on its way to jump onto this leader board with a multi-phased project that will generate over 1 mw on 417,000 square feet of solar paneled roof area. The town has put the roof tops of  the Memorial and Bennett-Hemenway elementary schools, Kennedy and Wilson middle schools, and the new High School to work, as well as the Senior Center.  The last two systems are installed and are awaiting interconnection.Natick is funding most of these projects by entering into a so-called power-purchase agreement (PPA) with Amaresco. The town leases roof space to the company, which installs, runs and maintains the equipment. The town then buys the electricity at a fixed price of 9 cents per kwh for the next 20 years, compared to the current average rate of 17 cents per kwh. By a conservative estimate, the system will generate 1.23 million kwh per year, resulting in a savings of $50,000-70.000 a year, with no up-front costs to the community. The town's greenhouse emissions will be cut by 1.16 million pounds per year.38

38 http://www.ameresco.com/press/doer-and-state-officials-join-ameresco-and-town-natick-commemorate-installation-solar-  panels. Follow production and greenhouse gas reduction here: http://solar.myenergypro.com/townofnatick 

http://solar.myenergypro.com/townofnatick
http://www.ameresco.com/press/doer-and-state-officials-join-ameresco-and-town-natick-commemorate-installation-solar-panels
http://www.ameresco.com/press/doer-and-state-officials-join-ameresco-and-town-natick-commemorate-installation-solar-panels
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4.2. Wayland's municipal electricity consumption and cost

4.2.1. ConsumptionWayland requires electricity to power municipal buildings, schools, streetlights and public water and sewer services. In FY 2011, these added up to 5,617,569 kwh. Specifics can be found in Figure 20.
Figure 20. Wayland's electric usage is as follows, FY 2011

4.2.2. Cost The Town has a fixed price contract for electricity supply with Direct Energy through June 2014 at the rate of $.0795/kwh. For FY 2011, the electricity bill was $446,358.
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4.3. Municipal solar opportunities
by Anne HarrisTo date, Wayland has no solar PV on municipal buildings. Inroads have been made by the Energy Initiatives Advisory Committee and the Economic Development Committee. A summary, written by Anne Harris, co-Chair of the Energy Initiatives Advisory Committee, is included below.

4.3.1. InroadsIn 2012, two benchmark reports were done by Energy Management Associates, sponsored by NSTAR and NGRID. More about these in 4.3.2. In late 2011 a member of the Economic Development Committee with a solar array on his own building approached the Energy Initiatives Advisory Committee to propose investigating a municipal solar PV project. A number of exploratory meetings were held including one that included the Town Planner, Building Commissioner and Surveyor to float ideas and identify possible buildings and parcels. In early 2012 a draft Request for Proposals (RFP) was created but it was decided by the Facilities Director that the effort was premature and issuing an RFP for municipal solar could not be a priority at that time. Not enough was known about the building’s structural capacities to get good RFP responses, and no money was available to conduct a study to determine those qualities.The Economic Development Committee contacted PowerOptions, an energy buying consortium which municipalities are eligible to join. They have contracted with SunEdison to develop solar PV systems on the available roofs or land resources of members with no upfront cost through power purchase agreements. After Wayland supplied its energy costs and usage, PowerOptions presented a preliminary plan on solar opportunities to two members of the Energy Committee in July 2012. The primary proposal was for solar parking lot canopies in town and school parking lots. The building roofs were not considered due to the challenges of determining structural capacity, penetrations, etc. The landfill was also discounted as it is a relatively small flat area, recently capped and thus cannot be penetrated, with sides too steep to be usable. The high school could be considered, but at that time we did not have 6 months of reliable energy data due to improper metering at the newly constructed school. This data will be provided to PowerOptions once available and a more thorough review might be obtained.Another possibility remains open to Wayland if solar development becomes a priority. The MAPC (Metropolitan Area Planning Council) has organized a regional solar project procurement. Wayland opted out of the first round of this but there may be more options like this to avoid issuing an individual RFP.
4.3.2. Potential solar sitesThe benchmarking reports done by Energy Management Associates on October 4, 2010 and sponsored by NSTAR and NGRID also identified possible solar sites on the roof of Happy Hollow and the Town Building. One can imagine similar results might be found at Claypit hill School and perhaps Loker Elementary. The reports can be found on the Energy Committee web page at http://www.wayland.ma.us/Pages/WaylandMA_BComm/Energy/Criteria3Attachments.pdfExcerpted from these reports:Happy Hollow Elementary SchoolThe school has a large un-shaded flat roof. It is an excellent location for a solar PV installation. We estimate a 50 kw installation can be installed on the flat roof without affecting the integrity of the new roof. The installation can displace electric purchases saving the full retail price of electricity. In addition the installation will be eligible to collect Solar Renewable Energy Credits (SRECs) estimated to have a value of $0.50 per kwh over the next ten years and federal renewable energy credits worth $0.02 per kwh. If the school district cannot finance the $300,000 installation, it should consider a Power Purchase Agreement (PPA) with a third party developer. The typical deal is a 20-year contract at a fixed cost per kwh over the term of $0.09 to $0.10 per kwh. Unfortunately, developers are looking for jobs with a minimum size of 100 or more kw. The Town of Wayland will need to assess its other facilities to put together a project. These PPA are a cost hedge against future energy cost escalation.

http://www.wayland.ma.us/Pages/WaylandMA_BComm/Energy/Criteria3Attachments.pdf


Solar Photovoltaic Energy Production in Wayland, MA      34/37Town BuildingThe Town Building has a large un-shaded flat roof. It is an excellent location for a solar PV installation. We estimate a 10 kw installation can be installed on the flat roof without affecting the integrity of the roof. The installation can displace electric purchases savings the full retail price of electricity. In addition the installation will be eligible to collect Solar Renewable Energy Credits (S-RECs) estimated to have a value of $0.50 per kwh over the next ten years and federal renewable energy credits worth $0.02 per kwh. If the school district cannot finance the $60,000 installation, it should consider a Power Purchase Agreement (PPA) with a third party developer. The typical deal is a 20-year contract at a fixed cost per kwh over the term in the range of $0.09 to $0.10 per kwh. Unfortunately, developers are looking for jobs with a minimum size of 100 or more kw. The Town of Wayland will need to assess its other facilities to put together a project. These PPA are a cost hedge against future energy cost escalation. Conceivably, the school could purchase Carbon Reduction Certificates through the PPA savings to help achieve the carbon reduction goals for the town. A 10 kw installation may qualify for a Mass Solar rebate significantly reducing the installation cost. If the rebate is used to build the PV project then the installation will not qualify for Solar Renewable Energy Credits (S-RECs) but we estimate the economics will be about the same however the project is financed.High SchoolThe new High School's Commons building, over the two Art Classrooms plus the Shop, can accommodate a 3000 square foot PV system and should be clear of any shadows from other portions of the building. Based on the design of the PV panels for the Hanover High School, the Structural Engineers have determined that the current structural design of this area of the roof would be able to support the added dead load of 12 pounds per square foot without modification. 
4.3.3. Steps ForwardThe first step to moving forward on a solar project in Wayland would be assembling a team of volunteers willing to investigate options and garner support from stakeholders. Particularly, many of the municipal employees in town feel their time is stretched. Solar is not the first priority. They believe that energy conservation and efficiency measures should be addressed first.  It is also unclear what SRECs and electricity pricing will be doing in the future. Buy-in from the Selectmen, Facilities Director, Town Administrator and DPW would be a critical first step.If developing a municipal solar project proves too cumbersome, Wayland could also consider purchasing renewable energy from a renewable source. The Town has a fixed price contract for electricity supply with Direct Energy through June 2014 at the price of $ .0795/kwh.
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5. Community Solar PV

5.1. SuggestionsThe documented success of Solarize Massachusetts in Wayland hghlights the interest in our community to take advantage of the economic and environmental benefits of solar PV. Here we make some first and preliminary suggestions with the aim of engaging both experts and laypersons in the effort to generate more of our own efficient, cost-effective, clean solar energy.  The goal of this report is to get the conversation started.
5.1.1. Funding: Energy Revolving Loan FundHome and business owners may want to own their arrays (so not enter into a lease or a PPA). In those cases they can fund their solar projects out of pocket, through equity or bank loans. Often, however, banks will not finance such projects. In that case, the local government can help though a Revolving Loan Funds. These Funds are a way for local governments to fund private residential and commercial projects. This may be something for Wayland to consider. From the DSIRE website39:In July 2010, Massachusetts established what was then called “PACE financing” as part of a larger "Municipal Relief Bill" (H.B. 4877). This law authorizes local governments to establish an "Energy Revolving Loan Fund" to provide financing to private property owners (including condominium owners, as long as the improvements include part of the common areas/facilities) for energy efficiency and renewable energy improvements. Originally, the  law permitted local governments to consult with the Division of Green Communities to determine which improvements should be eligible, but in November 2010 the Division of Green Communities announced that it was not providing PACE guidance. Local governments interested in establishing an Energy Revolving Loan Fund must first hold a public meeting. Then, the local government must pass an ordinance or by-law to create the program and identify the fund's administrator. Local governments are allowed to enter into agreements with other local governments to create and administer a program. After establishing an Energy Revolving Loan Fund, the administrator is authorized to provide financing to property owners for energy efficiency and renewable energy improvements, provided those property owners have had an energy audit and meet any additional energy conservation requirements. Property owners that opt in to a local program will enter into a "betterment" agreement and are responsible for repaying the assessment according to the agreement's terms.
5.1.2. Tax-wise match-makingFull ownership of arrays makes sense only for tax-payers, individuals and for-profit businesses who have enough of a “tax appetite” to take advantage of the Excise tax deduction for Solar and Wind powered systems, which allows them to depreciate the entire capital expense in the first year they purchase. A group in Wayland could administer a match-making tool to connect businesses with not-for-profits, residents and business with low tax appetite. There are many option available here. 
5.1.3. Community Supported, Community Owned SolarIn these formats, community members take electricity from a larger, locally situated array. This array can be owned by a third party, in which case the members lease their “plots” and, using net-metering, collect the power it produces in the form of a monthly bill credit,” or they purchase the power they generate (PPA). 39  http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=MA106F

http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=MA106F


Solar Photovoltaic Energy Production in Wayland, MA      36/37In the case of community owned solar, members own their "plot" and again use net-metering to transfer the array's production to their residential accounts in the form of a credit.  In that case operations and maintenance funds are held in a third party managed fund, not by members or by the participating utility. The entity that holds the funds and operates the accounts can be owned cooperatively or collectively through a variety of legal mechanisms. Ownership strategies can include limited liability corporations (LLCs), cooperatives, school districts, municipal utilities or other municipal entities, or combinations of these models. 
5.1.4. Local aggregation of SCRECS A local group could become such an aggregator, collecting enough SRECS to be able to get a good price for each and charging lower fees than other aggregators do. 
5.1.5. Pooling over-production: neighborhood net-metering

5.1.5.1. Sizing and overproductionThe sizing of solar systems is always a challenge, and the Solarize arrays are large systems. After some time we may find that some of these systems were oversized. This means there will be an overproduction of kwh and thus an accumulation of dollar credits in host customer's NSTAR accounts.  In that case, we could take advantage of neighborhood net-metering, which may indeed be one of the easiest first steps for Wayland's nascent solar market.  If a solar electricity producer produces net excess generation (NEG), that is, more than he consumes on average, say, over the year, every year, credits will accrue in their Nstar accounts.  Nstar does not usually have a policy of writing checks for these (though they have, on occasion, done so). If these credits are not monetized, then the customer can use the NEG  to offset the usage at locations other than the generating facility. Under 220 C.M.R. 18.05, Host Customers may transfer net metering credits to other customer accounts so long as the accounts are served by the Host Customer's distribution company and located in the Host Customer's ISO-NE load zone40.  The Host Customer designates the customers to whom the NEG is transferred and also allocates the amount of NEG attributed to each such customer.  The Host Costumer and the recipient can work out the price among themselves.In that sense, Massachusetts allows “neighborhood net metering” for neighborhood-based facilities of all sizes that are owned by (or serve the energy needs of) a group of 10 or more residential customers in a single neighborhood and served by a single utility. It allows groups of customers – including commercial customers - to take advantage of net metering from a single or more renewable energy facilities, such as a neighbor with a solar PV array. Each Wayland resident or business can enter into individual net-metering agreements, but it may be attractive to form a group that could administer one pool for all these credits and sell/donate them locally.  First of all, however, we need to monitor the production of Wayland's solar arrays needs to assess just how much is overproduced. 
5.1.5.2. Pros and cons of net-metering Simply by example, net-metering promotes renewable energy and its environmental benefits in a number of ways:1. It allows customers who do not have the opportunity to produce solar electricity to source clean, locally produced electricity. 2. It encourages distributed generation of electricity, an important building block of a robust, resilient energy infrastructure. 3. It keeps dollars in the local economy and stimulates local jobs and technical expertise.4. It increases energy efficiency by avoiding transmission losses, which typically account for 8% of the power produced at a generating plant. 5. It promotes the optimization of sites, allowing the best sites to be selected.6. It allows  smaller producers take advantage of economies of scale.

40  map of the ISO-NE load zones: https://docs.google.com/file/d/0B836U49Yrh_QN2I5NjEyYTUtNDFjNi00NTdlLWJmNjYtN2ZhMTFmOWM2ZDJk/edit?hl=en)

http://www.mass.gov/Eoeea/docs/dpu/cmr/220cmr1800.pdf#18.05
https://docs.google.com/file/d/0B836U49Yrh_QN2I5NjEyYTUtNDFjNi00NTdlLWJmNjYtN2ZhMTFmOWM2ZDJk/edit?hl=en


Solar Photovoltaic Energy Production in Wayland, MA      37/377. As it allows those who do not have the investment capital for solar systems to purchase electricity at a lower rate, it distributes economic benefits to all segments of a population and promotes social equity. (This may offset, to a degree, the con in no.1, below)There are, however, also some problems to consider. 1. Net metering (whether individual or as part of a neighborhood scheme) requires a subsidy from other customers because Host Customers are credited the retail rate for power. This power displaces power that the electric company buys at a wholesale rate. For residential customers who benefit from net metering, the subsidy is on the order of 10 cents per kw-hour, about the total residential rate.
2. Moreover, the subsidy tends to be regressive, since customers who install renewable energy systems and benefit from net metering are usually better off than the average electric company customer. Authorizing net metering or the sharing of net metering credits could exacerbate these phenomena. (http://www.cga.ct.gov/2010/rpt/2010-R-0034.htm)3. Neighborhood net-metering imposes administrative burdens on electric companies for assigning and monitoring the sharing of credits among accounts and for aggregate billing.

5.2. Conclusion: Call for a Community Energy PlanIn conclusion, we suggest that the town puts in place a Community Energy Plan (CEP), outlining energy needs and opportunities to locally provide for those needs, to guide planning and policy. Wayland's residential PV gets a solid good mark, but what with Solarize Massachusetts becoming a yearly and state-wide program, Wayland will have to promote solar PV further to stay at the top of the leader boards.Another good mark goes to the town's ongoing improvements to the energy efficiencies of its municipal buildings as a Green Community. It is also about to embark on an efficiency program that will encourage residents and businesses to take advantage of free energy audits, tax credits on improvements, rebates and even 0% interest loans. Suggestions about promoting Solar Hot Water are also being investigated. There are many more aspects of energy that our town can address, and a CEP would clarify needs and guide decisions, with the aim of improving Wayland's energy efficiency, conservation as well as resilience. The authors of this report therefore call upon the residents of Wayland to join Transition Wayland and the Energy Initiatives Advisory Committee in drawing up such a Community Energy Plan.

http://www.cga.ct.gov/2010/rpt/2010-R-0034.htm

	The goals for the program were 
	to substantially increase the number of solar PV installations in the area by identifying suitable residences and engaging homeowners and businesses.
	To offer the most cost-effective and reliable approach by involving community representatives to do most of the outreach. This results in a substantial reduction of customer acquisition costs for the installers. These savings were passed on to customers in the form of tiered pricing reductions.
	To lighten the potential customer's work by having the Request for Proposals (RFP) and the contracting for this group purchase done by the MassCEC.
	To inform and educate all residents about the advantages, incentives and practicality of solar power for their homes and businesses.

