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Abstract

Steep declines in photovoltaic (PV) technology prices have directed attention to the so-called soft costs associated
with PV deployment. This paper focuses on one element of soft costs: those that arise from local permitting and
inspection processes typically being handled by municipalities. Based on a literature review, the paper compares the
status of local PV permitting in the US and Germany. Results show the significant potential for municipalities to
streamline local permit procedures, a process that can be facilitated by higher-level governance rules, standardizing
bodies, and other solar advocacy coalitions.
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1. Introduction

Competitive, building-sited photovoltaics (PV) has the potential to become one of the key pillars of
low-carbon urban energy systems. Recent declines in PV system prices’, largely driven by PV module
cost reductions, have improved the economics of PV technology. As a consequence of PV hardware cost
reductions, the importance of soft costs is increasing. Soft costs for PV deployment arise from processes
related to customer acquisition, technical and legal-administrative planning and inspection, installation
work, financing, etc. Soft costs now constitute 20—-64% of turnkey residential and small commercial PV
system prices [1-4]. Recent literature has focused on the mapping and benchmarking of soft costs [5,6]
and their variations in different geographic contexts [4,7—-11].

Municipal governments serve an important role in urban PV deployment. Many cities around the
world have implemented a variety of policies and measures, including grant programmes, local feed-in
tariffs schemes, showcase projects, and various other measures, to support solar PV market development
[12—16]. The role of urban jurisdictions in streamlining PV deployment and supporting the reduction of
soft costs, however, has not received much attention in the academic literature so far.

This paper focuses on one element of soft costs, namely that arising from local permitting and
inspection processes and involving municipal departments. The paper presents a novel comparison of the
status of local PV permitting in two major PV markets, the US and Germany. Soft costs for local
permitting have shown to vary widely across these different jurisdictions, suggesting that a significant
potential for cost reduction in “high-cost” locations does exist. Specifically, the paper analyses the role of
municipalities and higher-level jurisdictions in streamlining local permit processes. By comparing two
countries, the paper offers novel insights into the role of multilevel governance interactions in
streamlining PV deployment at the local level.

2. Material and methods

The paper is based on a literature review of the status of local, municipal permitting for rooftop PV in
the US and Germany.

3. Results
3.1. Local permitting in the United States

The purpose of the permitting and inspection processes required for new PV systems is to ensure
compliance with public health, safety and design standards. In most U.S. states, the local city or county
building department controls the review and issuance of permits for rooftop solar installations within its
jurisdiction, the most common ones being building and electrical permits as well as zoning and design
review. In many US municipalities, this process is characterized by a diversity of documentation
requirements, cumbersome application procedures, multiple inspection processes, and permit fees, which
all add up to significant extra costs for PV installations [5,6]. Besides, requirements and processes for the
permitting of PV across the 18,000 different local jurisdictions in the US vary widely, further
complicating matters for installer firms that work across several municipalities.

i Key components of a grid-connected PV system are modules, inverter(s), a mounting system, and cabling. In addition to the
hardware costs, PV system turnkey prices typically also incorporate the costs for technical and legal-administrative planning,
permitting, installation, and connection to the grid.
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This diversity of permitting requirements and processes can be explained by the multilevel governance
structure in the US. Due to variations in state laws, policies and political climates, different states have
taken different approaches with regard to the exercising of control over local solar permitting processes.
While in some states municipalities are obliged to follow mandatory state policies related to permitting,
other states have only set specific parameters around the local permitting process. A few other states
solely provide non-mandatory guidance and recommendations to influence permitting processes at the
local level. Even in most cases where there are statewide codes, local jurisdictions can modify and tighten
the requirements of the statewide code, for example due to unique, local climatic, geological or
geographical conditions [17]

Numerous initiatives led by the federal government, states, regional bodies, think tanks, and solar
advocacy organizations have been launched to reform and streamline solar permitting and reduce the soft
costs associated with it. These include the creation of online databases of city-level permitting
requirements [18—20], roundtable workshops, multi-stakeholder networks, and development of national
uniform guidelines for expedited permitting [21].

Municipalities have engaged in a variety of approaches to streamline local permitting. Good practice
approaches include the provision of guidance documents, permitting checklists, solar-specific permit
application forms targeted at installers and prospective PV customers to provide them with the
information they need to efficiently submit applications for local permits. Besides, municipalities
developed routines for the expedited review of pre-qualified projects, plans or installers, and they
introduced over-the-counter or electronic submittal and review procedures to reduce the time installers
need to spend on the permitting procedure. Other measures included the alignment of technical and
procedural permit requirements with neighbouring communities, revision of fee structures, and efforts to
better coordinate municipal permitting processes with the grid interconnection process [17,22]. Despite
these efforts, the US solar market on average still exhibits significantly higher costs for local permitting
and inspection processes than the German market [4].

3.2. Local permitting in Germany

Contrary to the US, municipal permitting requirements for rooftop PV systems are minimal in
Germany. Although PV systems are subject to an extensive legal framework of building legislation,
which is non-uniform across states and municipalities [23], in practice the overwhelming majority of
rooftop PV systems have never been subject to any permit requirements placed by local authorities. While
in the early 1990s some building authorities were suspicious regarding the aesthetics of PV installations,
the positive and innovative image of PV and the absence of serious accidents resulted in a relaxed attitude
of municipal authorities with regard to the regulation of PV system installations. As of 1997, PV systems
have been explicitly exempted from building permission requirements in the model building code [24].
PV systems requiring a permit or notification to the authority can - depending on the specific stipulation
in the state’s building codes - include (1) larger PV systems, (2) fagade systems exceeding the dimensions
of the building shell, (3) overhead systems, (4) systems on public buildings, and (5) systems planned on
or at listed buildings [25]. However, the number of listed buildings suitable for the utilization of PV
technology is small, amounting to about 1.5% of all German buildings [26]. As a consequence, planning
and transaction costs related to municipal requirements are generally minimal to non-existent for most
rooftop PV installations.

4. Discussion and Conclusions
The results show that US municipalities place substantially higher permitting requirements on rooftop

PV installations than their counterparts in Germany. Both countries have federal governance structures,
and responsibilities for policies and regulations related to PV deployment are shared by jurisdictions at
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the national, state and municipal levels. Despite this similarity, legal-regulatory processes related to PV
deployment are substantially more uniform in Germany. With regards to building law, one explanation
for this uniformity is the prevalence of a (national) model building code, which municipalities closely
adhere to. In the US, the absence of such a national model building code has resulted in more fragmented
local regulations, which not only impose transaction costs on installer firms, but also create barriers to
market entry and limit competition across installer firms [8].

The comparison raises the question as to what extent municipalities (and states) should be given the
autonomy to develop their own permitting requirements and procedures. While distinct local regulations
may be justified by different climatic conditions (e.g. wind loads, snow loads, etc.) or location-specific
aesthetic requirements, greater standardization of legal-regulatory processes would likely benefit PV
market development by reducing transaction costs and enhancing conditions for competition. For this
purpose, standardizing organizations, multi-stakeholder networks and higher-level governance bodies can
play an important role in developing widely accepted codes and regulations. Besides, governance reforms
may be needed in order to ensure that municipalities adhere closely to state and national-level standards,
codes, and practices.

While the costs of local permitting have become more transparent, more research is needed to
understand the benefits of local permitting. For example, it has been proposed that regulations can serve
as a protection against unscrupulous or unskilled PV installers. Finally, the widespread absence of
municipal permitting requirements in Germany raises the question of whether and how alternative
mechanisms such as installer certifications, quality management schemes, local learning and the
prevalence of trust in the marketplace could offer more cost-effective ways of ensuring the safety and
quality of PV installations.

Acknowledgements

The author is very grateful to the AES Research Programme of the Swedish Energy Agency for
financial support through grant No. 33684-1.

References

[1] Ardani K, Barbose G, Margolis R, Wiser R, Feldman D, Ong S. Benchmarking Non-Hardware Balance of System (Soft) Costs
for U.S. Photovoltaic Systems Using a Data-Driven Analysis from PV Installer Survey Results. Golden, Colorado / Berkeley,
California: National Renewable Energy Laboratory / Lawrence Berkeley National Laboratory; 2012.

[2] Dong C, Wiser R. The impact of city-level permitting processes on residential photovoltaic installation prices and development
times: An empirical analysis of solar systems in California cities. Energy Policy 2013; 63:531-42. doi:10.1016/j.enpol.2013.08.054.
[3] Friedman B, Ardani K, Feldman D, Citron R, Margolis R, Zuboy J. Benchmarking Non-Hardware Balance-of-System (Soft)
Costs for U.S. Photovoltaic Systems, Using a Bottom-Up Approach and Installer Survey — Second Edition. Golden, Colorado:
National Renewable Energy Laboratory; 2013.

[4] Seel J, Barbose GL, Wiser RH. An analysis of residential PV system price differences between the United States and Germany.
Energy Policy 2014; 69:216-26. doi:10.1016/j.enpol.2014.02.022.

[5] Sunrun. The Impact of Local Permitting on the Cost of Solar Power 2011.

[6] Tong J. Nationwide Analysis of Solar Permitting and the Implications for Soft Costs 2012.

[7] Barth B, Concas G, Binda Zane E, Franz O, Frias P, Hermes R, et al. Final Project Report. PV Grid Consortium; 2014.

[8] Burkhardt J, Wiser R, Darghouth N, Dong CG, Huneycutt J. Exploring the impact of permitting and local regulatory processes
on residential solar prices in the United States. Energy Policy 2015; 78:102—12. doi:10.1016/j.enpol.2014.12.020.

[9] Candelise C, Winskel M, Gross RJK. The dynamics of solar PV costs and prices as a challenge for technology forecasting.
Renew Sustain Energy Rev 2013; 26:96-107.



454

Lars Strupeit / Energy Procedia 88 (2016) 450 — 454

[10] Friedman B, Margolis R, Seel J. Comparing Photovoltaic (PV) Costs and Deployment Drivers in the Japanese and U.S.
Residential and Commercial Markets. Golden, Colorado: National Renewable Energy Laboratory; 2014.

[11] Garbe K, Latour M, Sonvilla PM. PVLEGAL: Reduction of bureaucratic barriers for successful PV deployment in Europe:
Final Report. German Solar Industry Association (Coordinator); 2012.

[12] Dewald U, Truffer B. The Local Sources of Market Formation: Explaining Regional Growth Differentials in German
Photovoltaic Markets. Eur Plan Stud 2012; 20:397-420. do0i:10.1080/09654313.2012.651803.

[13] Doris E, Chavez J, Booth S, Stout S, Krasko V. Understanding the impacts of local policies on distributed photovoltaic market
development. vol. 2, 2014. doi:10.1115/ES2014-6383.

[14] Grauthoff M, Janssen U, Fernandes J. Identification and mobilisation of solar potentials via local strategies. POLIS:
Identification and mobilisation of solar potentials via local strategies; 2012.

[15] Haas R. Market deployment strategies for photovoltaics: an international review. Renew Sustain Energy Rev 2003; 7:271-315.
doi:10.1016/S1364-0321(03)00062-5.

[16] Li H, Yi H. Multilevel governance and deployment of solar PV panels in U.S. cities. Energy Policy 2014; 69:19-27.
doi:10.1016/j.enpol.2014.03.006.

[17] Stanfield S, Schroeder S, Culley T. Sharing Success: Emerging Approaches to Efficient Rooftop Solar Permitting. Interstate
Renewable Energy Council; 2012.

[18] Clean Power Finance. Solarpermit.org: The National Solar Permitting Database 2015. https://solarpermit.org/ (accessed
September 7, 2015).

[19] Tong J. From the trenches: Innovations in distributed generation solar permitting, Baltimore, MD: 2013.

[20] VoteSolar. Project Permit: Simplifying Solar Permitting 2015. http://projectpermit.org/about/ (accessed September 7, 2015).
[21] Brooks B. Expedited Permit Process for PV Systems: A Standardised Process for the Review of Small-Scale PV Systems. Solar
America Board for Codes and Standards; 2012.

[22] Stanfield S, Kapla K, Schroeder McConnell E, Haynes R, Kooles K. Minimizing Overlap in PV System Approval Processes.
Interstate Renewable Energy Council; 2013.

[23] Becker G, Weber W. Genehmigung von Photovoltaikanlagen: Ein Leitfaden zum Baurecht. Munich: Solarenergieforderverein
Bayern e.V.; 2003.

[24] ARGEBAU. Musterbauordnung, Fassung vom Dezember 1997. Bauministerkonferenz - ARGEBAU (German Building
Ministers Conference); 1997.

[25] BSW-Solar. Ubersicht der Landesbauordnungen zum Thema Solaranlagen. Berlin: Bundesverband Solarwirtschaft; 2008.

[26] Briickmann R, Piria R, Tupy T. Non-cost barriers to renewables — AEON study: Germany 2010.



