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Purpose/Background
This report is a deliverable of the U.S. Department of Energy’s (DOE) Solar Energy
Technologies Program State Technical Assistance Team. This project provides technical
assistance to state policymakers and public utility commissions in support of overcoming market
barriers to the broad deployment of solar technologies.
This white paper was created as a response to an inquiry from the California Public Utilities
Commission staff to better understand the interconnection procedures in California and Germany
for the purpose of potentially identifying areas of process improvement.
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1 Introduction
Establishing interconnection to the grid is a recognized barrier to the deployment of distributed
energy generation, both in the United States and in Germany (Rose et al. 2010, German Solar
Industry Association [GSIA] 2010). In the United States, stringent technical requirements,
obstructive utility practices, and prohibitive regulatory barriers are common obstacles faced by
distributed generation projects (Alderfer, Starrs, & Eldridge 2000). In Germany, grid connection
procedures are the greatest cause of delay in photovoltaic (PV) system development, according
to the German Solar Industry Association (GSIA 2010).
Much progress has been made in the last decade toward standardizing and streamlining
interconnection processes. In the United States, the Institute of Electrical and Electronic
Engineers (IEEE) publishes standard requirements for various technical aspects of grid
interconnection (Keyes & Fox 2008). A number of states and regions have developed standard
interconnection procedures to normalize utility-developer interactions (Fink, Porter, & Rogers
2010). In Germany, the legal framework established by the Renewable Energy Sources Act
(EEG) has resolved some, but not all, obstacles to connecting PV systems to utility grids (GSIA
2010).
Despite reported progress, interconnection wait times are still considered lengthy by some
developers. This report preliminarily compares interconnection processes for small 1 residential
applications as well as larger commercial- and utility-scale projects in California and Germany to
identify important differences. This work is meant to be a starting point to better understand and
inform the different interconnection processes. The report first compares the administrative
process of establishing interconnection in California and Germany, including the steps taken by
developers and utilities and the average length of time utilities take to process applications.
Second, this paper compares the burden that the required paperwork places on developers and
describes the content and the approximate time required of developers to complete the requisite
paperwork. Note that this paper is literature-based and is not a primary research endeavor, and
thus the information provided herein is limited by the available literature. Primary research could
help better inform understanding of the barriers associated with the interconnection of PV
systems.

1

In this report, “small” PV in Germany is defined as systems 5 kWp or less, as this is the cut off used by PV Legal.
“Small” PV in California is defined as systems under 10 kW, in accordance with Rule 21.
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2 Existing Literature
The most common source of information on interconnection policy in both the United States and
Europe is the literature on renewable energy support schemes. These reports discuss grid access
as part of a wider examination of best practices or obstacles to deployment (Mendonça 2007;
Ragwitz et al. 2007; Klein et al. 2008; Couture et al. 2010). A number of papers comment on
interconnection in the context of comparing feed-in tariff policies between European countries or
between U.S. states (Held et al. 2007; Couture & Cory 2009). This body of work discusses the
importance of clear and standardized interconnection policy generally, but it does not elaborate
on the specific details of the interconnection processes in specific locales.
A smaller body of literature focuses specifically on interconnection policies in the United States.
The Network for New Energy Choices (NNEC) annual report, Freeing the Grid, outlines
interconnection procedure best practices and grades states’ policies (Rose et al. 2010). Working
off the NNEC grading criteria, the Solar America Board for Codes and Standards analyzes four
interconnection policies for small generation facilities in the United States (Keyes & Fox 2008).
Such analyses supplement individual state evaluation of interconnection policies’ effectiveness,
such as the California Energy Commission’s (CEC) 2010 report on the timeliness of
interconnection by investor-owned utilities (Reflective Energies 2010).
Little information on German interconnection procedures is available in English. A useful source
of information is the PV Legal online database for Germany, which describes the administrative
processes associated with PV projects in that country, including interconnection. As part of the
PV Legal project, the GSIA published a preliminary report on barriers to PV deployment in
Germany (GSIA 2010). In addition, a German language guide to installing residential PV
provides a rough explanation of the interconnection process (Schmitz & Volkmann 2010).
However, the literature review revealed no documentation making a direct comparison of the
interconnection procedures in Germany and California. This report partially fills this gap in the
literature. This report focuses only on the interconnection procedures for solar PV systems.
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3 Comparing the Administrative Interconnection Process
It is important to compare the administrative steps involved in establishing interconnection, in
order to identify similarities and differences in the Californian and German processes. This
section addresses both the steps taken by developers and utilities in order to establish
interconnection and the time utilities typically take to process interconnection applications.
3.1 Residential-Scale Interconnection in California
The process of applying for interconnection in California varies by jurisdiction and by utility.
Most residential PV systems in California serve on-site load and thus are subject to state, rather
than Federal Energy Regulatory Commission (FERC), jurisdiction. As such, the procedure for
establishing interconnection for residential-scale projects is outlined by the California Public
Utilities Commission (CPUC).
California was the second state in the United States to develop interconnection standards, with
the establishment of Rule 21 in 2000 (Database of State Incentives for Renewables & Efficiency
[DSIRE] 2011; Fink, Porter, & Rogers 2010). The purpose of Rule 21 is to streamline and
standardize California’s interconnection procedures (Fink, Porter, & Rogers 2010). In the first 3
years after the establishment of Rule 21, processing time for interconnection requests dropped
from approximately 1 year to less than 3 months (Fink, Porter, & Rogers 2010). Under Rule 21,
the interconnection process in California can be characterized in four broad steps: (1)
application, (2) utility review, (3) interconnection agreement, and (4) installation and
commissioning (see diagram in Appendix A).
The first step is to complete an application. Within the process established by Rule 21,
applications and requirements vary slightly by utility (DSIRE 2011). Some utilities have moved
to streamline and simplify interconnection procedures for small systems. For example, San
Diego Gas and Electric (SDG&E) has adopted an online combined net metering and
interconnection application for systems 30 kilowatts (kW) 2 or less, which is discussed further
below. 3
During the utility review process, all applicants enter the same screening process, regardless of
project capacity (Fink, Porter, & Rogers 2010). 4 Projects are assessed in an initial review of eight
screening criteria. Projects under 11 kW automatically satisfy three of the eight screens (Fink,
Porter, & Rogers 2010). Projects that pass the initial review qualify for a simplified
interconnection (Fink, Porter, & Rogers 2010). 5 If systems do not qualify for a simplified
interconnection, utilities have an opportunity to perform a review and determine what features
and upgrades will be necessary for interconnection (Fink, Porter, & Rogers 2010). Generally, PV
systems under 10 kW are granted a simplified interconnection and do not require any
supplemental review or interconnection studies (DSIRE 2001).

2

Unless otherwise noted, all references to installed capacity in this paper are stated in terms of DC output.
For more information on SDG&E’s process see http://www.sdge.com/nem/interconnectionRequirements.shtml.
4
Note that while Rule 21 does not expedite residential-scale project applications, in the sense of providing special
treatment, the system is designed so that simpler projects exit the process earlier.
5
For more information see http://www.cpuc.ca.gov/PUC/energy/DistGen/rule21.htm.
3
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After completing the utility review process, customers must enter into an interconnection
agreement or contract with the utility. For small residential customers, this contract may be
combined with the interconnection application.
Finally, the PV system can be installed and commissioned, a process that involves physically
connecting to the distribution grid, testing, and authorizing (Cooley, Whitaker, & Prahbu 2003).
Rule 21 sets limits on the time utilities may take to respond to interconnection applications.
Utilities are required to notify applicants on the completeness of their application within 10
business days (Fink, Porter, & Rogers 2010). The initial review must be completed by the utility
within 20 days (Fink, Porter, & Rogers 2010). Data on residential PV systems processed through
the California Solar Initiative provide a case study on utility processing times for interconnection
applications (see Table 1). For the time period of July 1, 2010, through September 30, 2010, the
average time required for interconnection for each utility, measured from when an application is
completed to when a utility grants a PV system owner “permission to operate,” was less than 1
month (CPUC 2010). For residential systems, PG&E’s interconnection wait time averaged 16
calendar days, SCE’s averaged 5.9 days, and SDG&E’s averaged just 3.1 days (CPUC 2010).
This time estimate only takes into consideration the processing time on the utilities’ end, not the
time it takes developers to complete the necessary paperwork, which is addressed in Section 4.1.
Table 1: Interconnection Time for Residential PV Systems
Processed Through the California Solar Initiative (Days)
Utility

Residential Q3 2010

PG&E

16.0

SCE

5.9

SDG&E

3.1

Source: CPUC 2010

3.2 Residential-Scale Interconnection in Germany 6
European Union (EU) law governs Germany’s interconnection process. Under EU law, member
states may prioritize the interconnection of renewable energy generators. Germany passed the
Renewable Energy Sources Act (EEG) in 2000 (Deutscher Bundgestag 2000) and subsequently
updated it in 2004 and 2008.The EEG requires that utilities prioritize connecting renewable
energy projects to the grid (Deutscher Bundgestag 2009). However, without a legislated
timeframe for responding to interconnection requests, some argue that the law still allows
utilities to delay PV projects (GSIA 2010). Further, the exact requirements for establishing
interconnection, including technical interconnection criteria, vary by utility (Schmitz &
Volkmann 2010).
6

Documented process information (in English) for the German system is somewhat limited. Most of the information
in this report comes from PV Legal, an EU-sponsored research project dedicated to analyzing and reducing
bureaucratic barriers to PV deployment. For more information see http://www.pvlegal.eu.
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The interconnection process in Germany follows the same general process as in California,
including the application, utility review, and commissioning (see diagram in Appendix B). One
noteworthy difference is that in Germany, no interconnection agreement or contract is required
of the customer. While contracts are recommended, PV systems may connect to the grid without
a contract between the customer and the utility (PV Legal 2011b; Schmitz & Volkmann 2010).
For residential-scale projects, the first step toward interconnection is to submit a grid connection
application to the utility (PV Legal 2011c). This usually includes a site map, a circuit diagram,
and technical data sheets on the modules and inverter (Schmitz & Volkmann 2010). While the
literature refers to this documentation as an application, utilities are required to connect
renewables to the grid, barring exceptional circumstances, suggesting that few “applications” are
rejected.
In the second step, the utility reviews the application to determine the connection point. The
EEG stipulates that for systems of installed capacity up to 30 kWp, located on land already
connected to the grid, the existing connection point will be used to connect the new PV system
(GSIA 2010). However, it is noted that in some areas with outdated grid infrastructure,
particularly rural areas, interconnection studies and grid upgrades are frequently necessary, even
for small systems (GSIA 2010). If grid upgrades are required, they are performed and paid for by
the utility (PV Legal 2011b). 7 After receiving the interconnection request and performing the
grid study, the utility submits a connection point proposal to the PV system owner (PV Legal
2011c).
In a final step, following construction or installation, the PV system is commissioned and
connected to the grid (PV Legal 2011a).
According to an industry survey completed by PV Legal, the average time for a utility to
complete an interconnection study and submit a connection point proposal for a small, residential
project is 4 weeks (see Table 3) (PV Legal 2011b). 8 This average includes only the utility-end
processing time, not the time developers typically need to complete the necessary forms. This
issue is discussed in Section 4.2.
3.3 Commercial- and Utility-Scale Interconnection in California
Commercial- and utility-scale PV projects may fall under either CPUC or FERC jurisdiction.
Those under CPUC jurisdiction must follow Rule 21 interconnection procedures (see diagram in
Appendix A). As Rule 21 does not specify any size limits, all applicants are subject to the
process described above. Most large projects require supplemental review. Supplemental review
may consist of the following: determination of system impact, formal assessment, system study
notification and cost estimate, study completion and reporting of results, notification of
additional costs for applicant, distribution system modifications, system tests, notification of
interconnection approval, and interconnection agreement (Coddington 2011a).

7

The EEG stipulates that a utility may be exempted from performing upgrades if it can prove that the upgrades are
“economically unreasonable.”
8
Typical duration is between zero and 10 weeks. Some wait times up to 5 months were reported for small rooftop
installations (PV Legal 2011b; German Solar Industry Association 2010, p 15).
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Projects that fall under FERC jurisdiction follow FERC’s Small Generator Interconnection
Procedures if they have a nameplate capacity of less than 2 megawatts (MW) (Fink, Porter, &
Rogers 2010). This process is similar to CPUC’s Rule 21. Projects first go through an initial
screening process, which consists of a number of technical screens (Fink, Porter, & Rogers
2010). Projects with nameplate capacities between 2 MW and 20 MW, and those that fail the
initial screening, must undergo additional studies such as feasibility studies, system impact
studies, and facilities studies (Fink, Porter, & Rogers 2010, p 8). Applicants pay for these studies
and any necessary transmission upgrades (Fink, Porter, & Rogers 2010). FERC rules prohibit
utilities from prioritizing the interconnection of specific generation technologies (Fink, Porter, &
Rogers 2010).
The California Solar Initiative provides data on non-residential PV system interconnection times
(see Table 2). For the time period of July 1, 2010, through September 30, 2010, the average time
required for interconnection for each utility, measured from when an application is completed to
when a utility grants a PV system owner “permission to operate,” was less than 1 month (CPUC
2010). For non-residential systems, PG&E averaged 13.7 days, SCE averaged 16.1 days, and
SDG&E averaged 3.6 days.
Table 2: Average Interconnection Time for Non-Residential PV Systems
Processed Through the California Solar Initiative (Days)
Utility

Non-Residential Q3 2010

PG&E

13.7

SCE

16.1

SDG&E

3.6

Source: CPUC 2010

3.4 Commercial- and Utility-Scale Interconnection in Germany
In Germany, commercial- and utility-scale projects follow essentially the same interconnection
procedures as residential-scale projects (see diagram in Appendix B). PV Legal divides this
portion of the market into two groups: commercial and industrial roof mounted systems (up to 50
kilowatt peak [kWp] and ground-mounted systems (up to 5 megawatt peak [MWp]).
Commercial- and industrial-scale roof-mounted systems (up to 50 kWp) in Germany follow the
same process as residential-scale systems to establish interconnection. However, GSIA notes that
for these systems, the application for grid connection can be a significant barrier, which
sometimes involves long waiting periods and high fees (GSIA 2010). GSIA attributes this to the
fact that for systems larger than 30 kWp, there is no legally defined preferred interconnection
point, which gives grid operators leeway to obstruct the interconnection process (GSIA 2010).
The GSIA report also notes that the difficulty of establishing interconnection for this segment
varies a great deal by grid operator (GSIA 2010).
Ground-mounted systems (up to 5 MWp) follow the same process as residential-scale systems,
except for two additional steps. Prior to submitting a grid connection application, system
operators submit a “preliminary request for grid connection” in order to determine the capacity
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of the existing infrastructure to support the project (PV Legal 2011e). The GSIA report identifies
the application for grid connection for ground-mounted systems as a significant barrier to an
expedient interconnection (GSIA 2010). GSIA notes that it is often problematic for system
operators and grid operators to come to agreement on the location of the interconnection point
and that the process sometimes involves long waiting periods (GSIA 2010). Ground-mounted
systems may also need to notify the utility of the completion of construction before continuing
with commissioning and connecting to the grid (PV Legal 2011f).
According to PV Legal’s industry survey, the duration of the grid connection process was 7
weeks for roof-mounted commercial and industrial projects and 10 weeks for ground-mounted
projects (see Table 3).
Table 3: German Grid Connection Process Duration (Weeks)
System Category

Min.

Avg.

Max.

Residential (up to 5 kWp)

0

4

10

Roof-Mounted Commercial and Industrial (up to 50 kWp)

4

7

10

Ground-Mounted (up to 5 MWp)

6

10

16

Source: PV Legal 2011b, PV Legal 2011g, PV Legal 2011h
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4 Comparing the Interconnection Paperwork Burden
In addition to assessing the administrative process of establishing interconnection, as discussed
above, a full picture of the process can only be seen when the work required of developers to
complete and submit necessary paperwork in California and Germany is considered. Utility-end
processing time for interconnection applications does not reflect the labor and expertise
necessary to understand and complete the required paperwork.
This section compares the paperwork and documentation required of PV developers in Germany
and California. Because little literature is available that captures the paperwork burden, the
following case studies provide some range of the paperwork challenges in each jurisdiction.
Additional primary research in this area will greatly refine the understanding of paperwork
burden on developers and how it impacts the market for distributed generation.
4.1 Paperwork Burden in California: San Diego Gas & Electric Case Study
In California, some utilities have adopted streamlined applications for PV facilities with an
installed capacity of 30 kW or less. In the case of San Diego Gas and Electric (SDG&E) this
streamlined format combines a net metering and interconnection application and agreement into
one eight-page document. The documents necessary to complete an “Agreement Package”
include the application/agreement form, a single-line diagram (including equipment
specifications), information on existing insurance coverage, and confirmation of final approval
by the city or county (see Appendix C).
For facilities larger than 30 kW, the following documents may be required: an interconnection
application (14 pages), a single-line diagram, site plans and diagrams, transformer specifications,
transfer switch specifications, protective relays specifications, and an interconnection agreement
(9 pages). Additionally, warning plaques and a bill of materials may be required (see Appendices
D-H).
Lacking any available studies on the length of time required to complete typical Californian
utilities’ interconnection paperwork, an industry expert’s estimates are provided in Table 4
below.
Table 4: Estimated Labor (hours) to Complete SDG&E Paperwork Necessary for Interconnection
System Category

Low

High

Facilities 30 kW or Less

12

19

Facilities Greater than 30 kW

51

81

Source: Coddington 2011b

4.2 Paperwork Burden in Germany: E.ON Mitte Case Study
E.ON Mitte, a German utility, serves approximately 2 million customers in a 12,000 square
kilometer service territory covering parts of Hesse, Lower Saxony, and North Rhine-Westphalia
(E.ON 2011). The paperwork required for connecting PV systems to the grid includes a
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registration form, site plan, systems specifications form, and a single-line diagram (see
Appendices I-N). Other paperwork may be required (see Appendix O). 9
PV Legal conducted an industry survey in Germany in which it asked about the amount of legal
and administrative labor, measured in man-hours, necessary to complete required forms and
produce required documents for various stages of developing a PV project. One stage studied
was the “grid connection process,” covering application for grid connection through the
(optional) signing of an interconnection agreement. The survey found that residential systems
(up to 5 kWp) and roof-mounted commercial and industrial systems (up to 50 kWp) averaged 2
and 4 man-hours of legal-administrative labor, respectively, to complete the grid connection
process. Ground-mounted systems (up to 5 MWp) averaged 25 man-hours of legaladministrative labor to complete the grid connection process (see Table 5).
Table 5: Legal-Administrative Labor Requirements to Complete
Interconnection Application Process in Germany (number of man-hours)
System Category

Min.

Avg.

Max.

Residential (up to 5 kWp)

1

2

3

Roof-Mounted Commercial and Industrial (up to 50 kWp)

2

4

6

Ground-Mounted (up to 5 MWp)

6

25

46

Source: PV Legal 2011i, PV Legal 2011j, PV Legal 2011k

9

This paperwork is applicable to residential-scale PV systems. It may also apply to commercial- and utility-scale
PV systems. For more information see http://www.eon-mitte.com/index.php?parent=8689.
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5 Conclusion
Germany and California have similar processes for establishing interconnection for small,
residential PV systems. In both cases, systems under a specified installed capacity are exempted
from in-depth reviews and studies, though there are some exceptions. Based on this review,
utility-end processing time for interconnection requests in Germany and California appear
similar. In Germany, utilities take an average of 4 weeks to respond to interconnection requests
(by providing connection-point proposals) for residential PV systems 5 kWp or smaller. In
California, utilities process California Solar Initiative interconnection applications in
approximately 1 to 2 weeks. It appears that in both California and Germany, there is substantial
variation in interconnection request processing time, depending on the utility and PV system type
(CPUC 2010; PV Legal 2011b).
While superficially similar, the interconnection for large-scale systems in Germany and
California differ on a number of important, fundamental points. In Germany, unlike in
California, utilities are required to connect any system to the grid and pay for any required
studies. Additionally, in Germany, no interconnection agreement is legally required (for any size
system), further reducing the obstacles to establishing interconnection. No information is
available on utility-end processing of commercial- and utility-scale project interconnection
requests in California, so no comparison to Germany can be made by that measure.
With little information on developer-end processing times for typical California interconnection
paperwork, it is difficult to draw conclusions about the relative burden or difficulty of the
application in Germany and California. Based on one expert analysis, SDG&E’s interconnection
paperwork for small PV projects appears to place a greater burden on developers, in time and
expertise required, than does E.ON Mitte’s interconnection paperwork. Especially for large PV
systems (larger than 30 kW), SDG&E’s paperwork contains more legal language and thus may
impose a larger burden on developers.
A number of factors limit our ability to draw more specific conclusions in this comparison. First,
little information was available in English on Germany’s interconnection process. Second,
existing literature on California’s interconnection process includes significantly varying
assessments of utility processing time (Reflective Energies 2010). Third, fundamental
differences in the legal structure governing the two processes make direct comparisons difficult.
For example, in Germany, interconnection of renewable energy projects is guaranteed by law,
making the interconnection paperwork more of a request than an application. Further, in
Germany, utilities cannot legally require PV project owners to enter into interconnection
agreements or contracts.
Inquiry into a number of key areas would help determine the impact of interconnection policies
on overall interconnection time. First, it would be useful to know by how much processing time
improves when renewable projects’ applications for interconnection are prioritized over nonrenewable projects, as is legislated in Germany. Second, it would be important to study how long
the California utilities’ interconnection applications and forms take PV system owners or
installers to complete. Similarly, it would be useful to know how owners and installers in both
California and Germany perceive the level of difficulty in completing the necessary paperwork.

10

Third, an expanded review, which covers other system types, the procedures and processing time
associated with rebate applications, and installation time, would be informative.
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Appendix A: California (Rule 21) Interconnection Process
Diagram

Source: Cooley, Whitaker, & Prabhu 2003, p 19.
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Appendix B: German Interconnection Process Diagram

Source: PV Legal 2011c, PV Legal 2011l, PV Legal 2011e, PV Legal 2011m, PV Legal 2011n,
PV Legal 2011f. (Note that the three installation size categories reflect PV Legal’s methodology
of categorization, not distinctions made by the EEG).
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Appendix C: San Diego Gas & Electric Application and
Interconnection Agreement for Customers with Solar and/or Wind
Electric Generating Facilities of 30 Kilowatts or Less

URL: http://www.sdge.com/documents/nem/interconnection_appl.pdf
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Appendix D: San Diego Gas & Electric Generating Facility
Interconnection Application

URL: http://sdge.com/tm2/pdf/ELEC_ELEC-SF_142-05203.pdf
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Appendix E: San Diego Gas & Electric Interconnection
Agreement for Net Metering Solar or Wind Electric Generating
Facilities

URL: http://sdge.com/tm2/pdf/ELEC_ELEC-SF_142-02760.pdf

42

43

44

45

46

47

48

49

50

51

Appendix F: San Diego Gas & Electric Sample One-line Diagram

URL: http://www.sdge.com/documents/nem/OneLineElecDiag_required.pdf
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Appendix G: San Diego Gas & Electric Sample Plaque

URL: http://www.sdge.com/documents/business/warning_plaques.pdf
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Appendix H: San Diego Gas & Electric Sample Bill of Materials

URL: http://www.sdge.com/documents/business/BillofMaterials.pdf

54

Appendix I: E.ON Mitte Interconnection Registration Form

URL: http://www.eonmitte.com/admin/userimages/File/netz/elektroinstallateure/2010/anmeldung_anschluss_an_das_n
iederspannungsnetz_15072010.pdf
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Appendix J: E.ON Mitte Sample Site Plan

URL: http://www.eonmitte.com/admin/userimages/File/netz/erzeugungsanlagen/musterdokumente/musterlageplan_ne
uanlage_151209.pdf
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Appendix K: E.ON Mitte PV System Data Form

URL: http://www.eonmitte.com/admin/userimages/File/netz2008/Erzeugungsanlagen/Anschluss_Erz_neu/Datenerfass
ung/100429_formular_datenerfassung_pv.pdf
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Appendix L: E.On Mitte Sample Sing-line Diagrams

URL: http://www.eonmitte.com/admin/userimages/File/netz/erzeugungsanlagen/musterdokumente/photovoltaikanlage
_mit_einphasiger_vollstromeinspeisung_151209.pdf
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URL: http://www.eonmitte.com/admin/userimages/File/netz/erzeugungsanlagen/musterdokumente/photovoltaikanlage
_mit_dreiphasiger_vollstromeinspeisung_151209.pdf
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