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E X EC U T I V E  S U M M A RY  

The rise of solar photovoltaic (PV) “prosumers”2 has the potential to transform the centralized electric 

utility model and accelerate the transition to a more decentralized and interactive electricity system. 

The prospect of radical change in the electricity sector has generated significant interest among 

policymakers and regulators about different strategies for engaging and managing the rise of PV 

prosumers in the commercial sector, and about the implications that their rise could have for citizens, 

industry, as well as the utility sector as a whole.  

In 2014, the IEA-RETD RE-PROSUMERS study explored the global outlook for residential prosumers (IEA-

RETD, 2014). The study concluded that, without proactive policy support, a residential prosumer 

revolution was not imminent, though policymakers should nevertheless analyse the market potential 

and be prepared to adapt. This new IEA-RETD report builds on RE-PROSUMERS, and shifts the analysis 

to focus on commercial prosumers and analysing the various economic, behavioural, and technological 

drivers as well as national conditions that are either supporting or constraining the growth of prosumers 

in the commercial building sector.3  

While continually declining PV costs have driven sustained growth in the global PV market, commercial 

prosumers have been slow to emerge. Similar to the residential sector, this study finds that in the 

absence of supportive policies and regulations, a commercial prosumer “revolution”, where dynamic 

growth occurs on a market-driven or unsubsidized way, is not yet underway.  

Certain economic drivers improve the attractiveness of a PV investment for commercial prosumers 

versus residential (e.g. lower PV system installed costs, higher self-use ratio), but these drivers are offset 

by others (e.g. lower electricity rates and higher expectations for return on investment). Even when 

favourable economic conditions are met, commercial entities encounter significant barriers related to 

complex internal decision-making processes and other behavioural barriers (e.g., imperfect access to 

information on technology, high levels of risk aversion regarding future changes in energy prices, and 

limited strategic importance placed on energy management by executives and others).  

These drivers notwithstanding, a combination of favourable market changes such as continued declines 

in PV installed costs, a sustained rise in commercial electricity tariffs, or the emergence of new business 

models (e.g. aggregators or third-party finance models) could rapidly transform the commercial 

prosumer sector and push it into a state of self-sustaining growth. Policy makers, regulators, and 

affected utilities therefore need to develop strategies to better anticipate, integrate, and plan for a 

growing number of commercial prosumers.  

                                                           

2 The term prosumers is used to refer to energy consumers who also produce their own power with onsite generation of some 

form (e.g., solar PV systems, diesel generators, combined heat-and-power systems, or wind turbines). For the purposes of this 

report, it is assumed that they remain connected and consume electricity from the grid during the times they are not 

producing. The business case for prosumers is, in most cases, at least partially built on the reduced electricity purchase 

expenditures due to self-generation.  
3 For the purpose of this report, the commercial sector includes services but excludes heavy industry. The report focuses on 

commercial prosumers specifically in developed countries (i.e. countries with high electrification rates and reliable electricity 

supply, rather than countries in which PV systems are deployed primarily to provide energy access). 
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For utilities and/or grid operators, this could have a number of direct and indirect effects onto their 

traditional business models: it could translate into lower revenues while simultaneously triggering a 

need for additional infrastructure investments (such as substations, and improved network intelligence 

or smart grid infrastructure); but it could also provide new opportunities for investments in distributed 

generation capacity or deferral of infrastructure upgrades. For policy makers, it may require developing 

new market structures for excess generation, as well as new regulations governing grid access and 

network charges. This report explores these and other effects and attempts to provide an overview of 

some of the specific measures that policy makers can take to encourage or simply better govern the 

sector.  It also shows where other stakeholders like utilities, grid operators, regulators and the 

commercial sector itself have to stay alert and get prepared for future developments. 

The report includes a number of case studies, including of France, Germany, the UK, and the U.S. These 

case studies help illustrate the importance of country-specific drivers, and highlight how these various 

drivers influence the business case for becoming a commercial PV prosumer at a representative 

commercial facility (either a supermarket or “big box”4 retail store) in each of the four countries.  

 France. While the PV market in France has been adding installed capacity at an annual rate of 

between 600 MW and 1,700 MW over the last 5-6 years, commercial prosumers represent a small 

part of the market due to a range of economic and policy-related factors: average French commercial 

electricity rates are low (25% below the EU average); the rates offered to commercial-scale systems 

for exported generation under both the feed-in tariff and the auction frameworks have historically 

exceeded commercial retail rates; consequently, system economics favour exporting 100% of projects’ 

output to the grid rather than configuring systems for self-use. As a result, outside of a number of 

pilot projects, virtually all commercial rooftop PV installations in France have been developed under 

either the feed-in tariff or the auction scheme. New rules for the sector are currently being debated. 

 Germany. Following years of record PV growth from 2010-2012, commercial prosumers were 

expected to emerge in large numbers: the levelised cost of energy (LCOE) of commercial-scale solar 

projects reached socket parity with commercial electricity rates, and the feed-in tariff dropped below 

the retail electricity rate. However, in 2014, a major surcharge was applied to PV electricity consumed 

onsite, impacting the economics of commercial PV systems and delaying the emergence of 

commercial prosumers. New PV installations have declined, particularly in the commercial sector, and 

future prospects for commercial prosumers are unclear. 

 United Kingdom. The UK led the European solar market for the first time in 2014, but the vast 

majority of this growth was in residential or large ground-mounted systems. Commercial PV adoption 

has been constrained by a number of factors, including a high share of leased commercial space, short 

average lease duration, and insufficient project economics. Though policymakers have announced 

some steps towards supporting growth in the commercial rooftop market specifically, future prospects 

for commercial prosumers are unclear, especially with uncertainty around continuing government 

support for solar energy more broadly.  

                                                           

4 ‘Big Box’ store is a retail store that occupies a large amount of floor space and has a wide variety of items for sale. 
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 United States. While the U.S. solar market has continued to experience record growth, the 

commercial PV sector has stagnated or declined, eclipsed by surging residential and utility-scale 

markets. The majority of U.S. commercial solar systems are installed under third-party ownership, and 

the comparative ease of obtaining such power purchase agreements have deterred many companies 

from owning their own systems and becoming prosumers. With the impending reduction in the 30% 

investment tax credit for solar installations, the future for commercial prosumers is unclear. While 

commercial prosumers are more insulated from ongoing changes in utility payment structures and net 

metering policies, electricity prices and policy frameworks for solar vary widely across the country. 

Commercial prosumers may begin to emerge in select state markets, but they are unlikely to break out 

broadly in the near term. 

As confirmed through all four case studies, the growth of commercial prosumers has been – and 

remains – slow, but opportunities exist for policy makers and for other stakeholders to lend support. 

Much as in the case of residential prosumers, policy makers will need to make a number of high-level 

decisions: is the overall policy objective to constrain, enable, or actively encourage the rise of 

commercial prosumers? Are utilities and regulators prepared to deal with a rapid growth of commercial 

prosumers? Have analyses been undertaken to model their potential spatial distribution, as well as 

associated impacts on utility and grid revenue schemes, on substation over-loading (e.g. back-feeding), 

or on other aspects of system operation?  

In addition, many of the specific policy approaches for enabling prosumers discussed in RE-

PROSUMERS, such as developing clear legal definitions of prosumers, harmonizing grid connection 

procedures, introducing rules to govern the treatment of excess generation, as well as efforts to reduce 

soft costs, remain relevant for encouraging commercial prosumers. However, the size and diversity of 

the commercial sector suggests that focused policy interventions targeting specific barriers to PV 

adoption may be more important in the commercial than in the residential sector.  

Targeted interventions from policy makers and stakeholders aimed at enabling a sustainable growth 

of commercial prosumers could include: 

 Designing clear policies for net excess generation. The absence of clear rules governing the treatment 

of excess generation poses a number of problems for commercial prosumers: it incentives commercial 

prosumers to limit PV system size to minimum onsite load rather than available space and financial 

capacity; it fails to address the need to export excess generation during times of low demand, such as 

on Sundays or during public holidays; and it ignores the potential of commercial prosumers to help 

serve electricity demand in a cost-competitive and sustainable way. 

For markets where commercial retail rates are below LCOE of PV, any rate offered for excess 

generation would likely need to be designed as slight premium to the commercial retail rate paid in 

order to drive adoption. This is one of the main policy solutions being discussed in France. 

For markets where commercial retail rates are above LCOE of PV, the rate offered for excess 

generation would likely need to be below the retail rate paid, in order to avoid excess compensation 

and encourage efficient use. By offering a payment for excess generation that is below the retail rate 

paid, policy makers could help increase the sophistication of commercial electricity users by 

encouraging them to increase their level of self-use, improve their onsite energy management by 

shifting loads or by actively engaging in real-time demand response. 

Regardless of which approach is adopted, developing clear polices that define how net excess 

generation is remunerated (or compensated) is likely to remain an important part of commercial 

prosumer strategy. 
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 Facilitating improved data on national commercial building stock. Some countries conduct detailed 

surveys of the number and type of commercial buildings, as well as energy usage within those 

building types. Countries should research, update and share these statistics so that policymakers can 

make better informed decisions on how best to target their interventions and what the outcomes may 

be.  

 Developing programs that specifically target commercial decision making. Policymakers, local 

decision-makers and business developers can assess the institutional needs of specific commercial 

entities (e.g. supermarkets, shopping malls) and craft appropriate local regulation accordingly. For 

commercial buildings where onsite technical know-how is a serious human resource challenge, for 

example, focused training programs or on-call PV technical assistance could be provided. For 

commercial entities that may have trouble securing debt, specific financing programs such as low-

interest loan facilities can be deployed. For sectors in which public image and reputational factors play 

an important role, for instance municipalities may be able to accelerate market adoption by creating 

competitions, recognition campaigns, and other public-private awareness raising efforts to encourage 

the growth of prosumers in the commercial sector. 

 Conducting broad characterizations of commercial building type according to the factors that may 

influence decision making. Factors such as building ownership type, ownership strategy, lease type, 

lease duration, and property management strategy, among others, can each have bearing on PV 

investment decisions. Studies should be conducted by e.g. project developers or industry associations 

to assess whether certain property ownership types can be broadly associated with specific building 

types, and whether policy interventions can be tailored accordingly. Even if broad categorizations are 

not feasible, however, research should be conducted to map different building ownership 

considerations and their implications for energy decision making. This research would enable more 

appropriately customized policy support for the commercial sector.  

 Analysing commercial diffusion patterns. The dynamics of PV adoption within both the residential 

and commercial markets remain relatively opaque, although there have been some studies of PV 

diffusion in recent years (U.S. DOE Sunshot Initiative 2016). In order for policymakers to target future 

initiatives, research should be commissioned by e.g. energy agencies or sector associations to better 

understand how PV systems have diffused within the commercial sector and why commercial entities 

have adopted PV (e.g. internal priorities vs. benchmarking against peers) in order to anticipate how 

development might occur in specific jurisdictions in the years ahead.  

 Facilitate decision making within companies through tools. Tools should be developed by e.g. project 

developers or sector associations to equip commercial decision makers, project managers, and 

facilities staff to assess and navigate the complexities of internal decision making related to energy. 

These could include, for example, guides that describe specifically how different institutional 

departments (e.g. finance, facilities management, human resources, public relations, etc.) may 

influence PV investment, how they can best be engaged (including the information required for 

efficient engagement), and the spectrum of practices (from standard to innovative) that are utilized by 

other institutions facing similar circumstances. 

In conclusion, this report finds that the significant potential of commercial PV prosumers in the 

markets examined remains largely untapped. As technological and market conditions for commercial 

prosumers continue to improve, policy makers – and other stakeholders – will need to think more 

carefully about how best to govern their rise. This may require assessing the commercial sector as a 

distinct factor in the evolution of the electricity sector, one that, despite having its own unique 

barriers and challenges, could play a significant role in accelerating the transition toward a more 

decentralized, interactive, and highly networked system.   
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1  I N T RO D UC TI O N  

 

The unprecedented global growth of solar PV is creating a new class of “prosumers” – electricity 

consumers who also produce their own electricity. If prosumers continue to scale up, they could disrupt 

existing electricity industry structures and business models. A key question for policymakers is whether 

prosumers can be controlled or whether a prosumer transition is not only inevitable, but already 

underway. This report builds on a previous IEA-RETD study about residential prosumers (RE-

PROSUMERS) (IEA-RETD, 2014). RE-PROSUMERS found that despite rapid growth in decentralized 

residential PV, and sharp declines in PV installation costs, a PV prosumer revolution was not imminent at 

the residential level and would likely not occur in the near-term in the absence of significant, supportive 

policy and regulatory conditions.  

This study extends the analysis conducted on residential prosumers to the commercial sector. The 

prospect of commercial prosumers could represent a significant policy challenge (and opportunity), 

particularly in countries where the commercial sector comprises a significant share of national 

electricity demand. There has been some evidence of unsubsidized commercial prosumer development 

in countries such as Germany, Italy, and Spain (REC, 2013; Shahan, 2014). However, there has been 

limited research conducted to date on the potential for the widespread emergence of commercial 

prosumers, and on the potential for prosumers within specific commercial industries. Looking at OECD 

countries, on the one hand, there are reasons to believe that commercial prosumers will emerge before 

residential prosumers do. Compared to residential prosumers, commercial buildings have larger and 

steadier loads that can more reliably absorb PV output.  
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Commercial systems can also capture improved economies of scale by installing larger PV systems. On 

the other hand, commercial buildings may face greater challenges to PV adoption than residential 

consumers: commercial retail electricity rates are generally lower than residential rates, which makes PV 

less competitive; commercial building owners may also require higher financial returns from PV 

investments than residential customers do. This report examines the current status of the commercial 

prosumer frontier in established European and North American markets: France, Germany, the United 

Kingdom (UK), and the United States of America (US). Case studies of each of these countries are 

included in 3. 

The sections below provide a brief snapshot of the global PV market and a discussion of how the 

commercial PV industry is defined for the purposes of this report. This section also reviews the 

analytical framework introduced in RE-PROSUMERS and provides an overview of the report structure.  

1 . 1 .  T H E  G L O B A L  P V  M A R K E T  

The major trends that framed the RE-PROSUMERS report remain in place: PV continues to grow at a 

rapid pace around the world and PV costs continue to decline.  

The total amount of installed PV capacity at the end of 2014 was 176 gigawatts (GW), up from 136.5 GW 

in 2013 (Figure 1) (IEA, 2015). The amount of PV added during 2014 (~39 GW) was slightly higher than 

the amount of new capacity added in 2013 (~38 GW).  

 

 

Figure 1 - Cumulative PV capacity installed globally, by year 

Source: IEA-RETD, 2014; IEA PVPS, 2015; REN21, 2015; IEA, 2015 
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The rate of PV market expansion slowed globally in 2014, but growth was highly uneven across 

countries and geographic regions (IEA, 2015; REN21, 2015).  

 Europe. New installations in Europe overall declined by 33% from 2013 to 2014 due to the general 

tariff cuts, among other factors (Rekinger et al., 2015). Germany, the former global market leader, 

installed only 1.9 GW (Section 3.4), whereas the UK became the top European market with 2.3 GW 

added (Section 3.5) (IEA PVPS, 2015)  

 North America. PV capacity installed in North America surpassed that in Europe, with 6.5 GW installed 

in the US.  

 Asia led the world in installations with 10.6 GW in China, 9.7 GW in Japan, and 475 megawatt (MW) in 

Thailand.  

 In Latin America, Chile added 395 MW in 2014, and Brazil awarded contracts for 1 GW of PV capacity, 

expected to be online from 2016/17 (IEA, 2015). 

PV costs also continued to decline in 2014, with the price for multicrystalline silicon modules falling by 

14% in 2014 over 2013 to $0.60/wattdc (Wdc) (REN21, 2015). The decline in PV module costs continued 

to place downward pressure on total installed costs. The IEA (2015), for example, reported that installed 

costs for commercial PV systems had declined to $1.50/W and below in major markets such as China 

and Germany during 2014-2015 (Figure X).5 

 

Figure 2 - PV system prices, by segment, beginning year 

Source: IEA, 2015 

The continued decline in PV prices has further improved the comparative competitiveness of PV and has 

heightened the prospect of prosumer “breakthrough” scenarios for commercial buildings. As the next 

section describes, however, the precise definition of what constitutes a “commercial” PV system is 

challenging to establish across these jurisdictions (and globally) as a result of variations in national data.  

                                                           

5 Installed costs for commercial PV were estimated to be below $2.00/W in China ($1.10-$1.20/W) and Germany ($1.50-

$1.60/W), and between $3.00-$3.10/W in Japan and the US (IEA, 2015).  
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1 . 2 .  S C O P I N G  C O M M E R C I A L  P R O S U M E R S  

Each country tracks PV data in different ways, which makes it difficult to draw direct comparisons. The 

challenge of identifying a broadly applicable definition of commercial prosumers is compounded by the 

fact that each country defines commercial buildings differently and also collects (and publishes) 

commercial building energy data in different forms (Section 3.2). This section describes the 

considerations that inform the scope and definition of commercial prosumers as used in this report.  

 System size. In Europe, PV installations are not generally tracked by building type and are instead 

tracked according to the amount of capacity installed under different feed-in tariff rates. In the United 

States, commercial-scale systems are tracked as “non-residential” – a category which also includes 

industrial installations. For the purposes of this study, the term “commercial” is defined by capacity in 

order to allow for international cross comparison. Rooftop systems above 10 kilowatt (kW) and below 

250 kW are considered to be commercial. As can be seen in Figure 3, the commercial market 

represents a minority of installations installed during 20146 in the four countries included in this study. 

As will be discussed in the case studies (Section 3) the share of commercial systems in each of the 

countries has actually declined in recent years. A key question for this study will be whether 

commercial prosumers will expand in the future on a “non-subsidized” basis if drivers are aligned.  

 

Figure 3 PV capacity added in 2014 in France, Germany, the UK and US, by sector 

Source: Author research, 2015 

                                                           

6 This Figure focuses on capacity added in 2014 only in order to illustrate the current status and trends in the market. Including 

a cumulative total and market data from previous years would blend different market and policy contexts for each of the 

countries.  
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Roof space is not one of the limiting factors behind commercial expansion. In Germany, total PV 

potential across all rooftop types is conservatively7 estimated at 102 GW, of which 27 GW (26%) has 

been utilized to date (BMWi, 2015b). In France, ADEME recently estimated that there is a total PV 

potential across all rooftop types of roughly 120 GW, with approximately 10-15% located on commercial 

buildings (ADEME 2015). In the United States, total potential rooftop PV capacity is estimated to be 661 

GW for all buildings and 313 GW for non-residential buildings (Denholm & Margolis, 2008), whereas 

cumulative non-residential rooftop installations only reached 5 GW at the end of 2014 (Kann et al., 

2015b).  

 Industrial customers. The industrial sector is not a focus of this study. Industrial self-use systems are 

not yet economically viable in many OECD markets without incentives due to significantly lower retail 

rates8 for the industrial sector, though some development has occurred in certain markets.9 In 

Germany, industry and heavy-duty industry rates are 15% and 65% lower than commercial electricity 

rates10, respectively, significantly lowering the value of PV self-use (Willborn et al., 2014); in the US, 

rates are ~35% lower on average for industrial vs. commercial consumers (US EIA, 2015c).11  

 PV system configuration. The RE-PROSUMERS report acknowledged that prosumers could include PV 

systems that are configured to supply power onsite, PV systems that are configured to export 100% of 

their power to the grid, and PV systems that are configured for grid defection. This report focuses 

primarily on PV systems that are configured to supply power onsite, rather than feed 100% of their 

power into the grid, in order to investigate the degree to which commercial prosumers may emerge 

on an “incentive free” basis. 

Text Box 1 provides further detail on how onsite power production and consumption are characterized. 

This report also does not focus on the potential for commercial grid defection. Commercial rooftop PV is 

often insufficient to meet the electricity needs of a commercial building even during peak generation 

(Section 2.1.3). It is possible that commercial buildings may defect from central grids to join stand-alone 

or multi-user microgrids, but it is not anticipated that microgrids will diffuse broadly within the next 

several years.12 Finally, this report focuses only on PV systems that are owned by the host site. Systems 

that are owned by third parties (e.g. with electricity sold under power purchase agreement) are not 

considered to meet the definition of prosumers.  

                                                           

7 Other technical potential studies have estimated that the total PV potential across all rooftop types is over 160 GW (Lödl et 

al., 2010).  
8 Throughout this report the term “retail rates” includes all imposed taxes, levies and/or surcharges that are embedded in the 

rates unless otherwise noted.  
9 For instance, see : http://www.sciencesetavenir.fr/nature-environnement/20151118.AFP7016/tata-steel-place-80-000-

panneaux-solaires-sur-les-toits-de-son-usine-aux-pays-bas.html  

10 A large amount of this difference is attributable to the fact that industrial customers are partially or fully exempt from paying 

the feed-in tariff (EEG) surcharge, which is embedded in the retail rate.  
11 Industrial customers do not always pay the cheapest rates in all countries, however. In some countries, for example, 

industrial customers pay higher rates in order to enable lower rates in the commercial and residential sectors through cross-

subsidy.   
12 Recent studies have projected that total global microgrid capacity could grow to from between 4 and 10 GW by 2020 (Wood, 

2015; Wood, 2014; Navigant, 2014). Although this would represent significant growth, this total capacity is small compared to 

total projected PV capacity by 2020.  

http://www.sciencesetavenir.fr/nature-environnement/20151118.AFP7016/tata-steel-place-80-000-panneaux-solaires-sur-les-toits-de-son-usine-aux-pays-bas.html
http://www.sciencesetavenir.fr/nature-environnement/20151118.AFP7016/tata-steel-place-80-000-panneaux-solaires-sur-les-toits-de-son-usine-aux-pays-bas.html
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Box 1. Defining “self-consumption”: self-use vs self-sufficiency 

In order to more clearly define the relationship between system sizing and onsite consumption, this 

report adopts the terminology presented in the IEA’s Medium-Term Renewable Energy Market Report 

2014 (IEA, 2014):13 

 Self-use refers to the proportion of PV output that can be directly consumed onsite. If a PV system 

generates 800 MWh each year, but only 600 MWh can be directly consumed (the rest being 

exported to the grid), then the self-use ratio is 75%.  

 Self-sufficiency refers to the proportion of PV output that can be directly consumed onsite as a 

percentage of the total amount of onsite demand. If a building has an annual demand of 1,000 

MWh and uses 600 MWh of PV onsite, then the self-sufficiency ratio would be 60%.  

For the purposes of this report, the primary metric analysed is self-use. Commercial buildings that 

can achieve close to 100% self-use will be among the most likely to emerge on a non-incentivized 

basis.  

Self-use and self-sufficiency are distinct from a building’s maximum solar energy penetration.  

 Maximum solar energy penetration is defined as the percentage of a building’s annual electricity 

consumption that can be met by using the entire available roof space. (Ong et al., 2012). Maximum 

solar energy penetration does not take into account whether or not the PV output is directly used 

onsite or exported into the grid (e.g. under net metering). If a building has an annual demand of 

1,000 MWh and a PV system sized to use all available roof space generates 800 MWh of output, 

then the maximum solar energy penetration is 80%. Maximum solar energy penetration is discussed 

further in Section 2.1.3. For certain buildings with large roof spaces and low consumption (e.g. 

warehouses, farm buildings) the maximum solar penetration can have values above 100%. 

 

 A focus on mainland grids in OECD countries. This report focuses specifically on mainland grids in 

OECD countries. Jurisdictions that rely on liquid fuels (e.g. islands and remote areas) have high 

electricity prices which can significantly improve the competitiveness of commercial prosumers. These 

jurisdictions have been explored in two other IEA-RETD studies - REMOTE and REMOTE PROSUMERS - 

and will not be revisited here (see IEA-RETD, 2012; IEA-RETD, 2015). This study also does not focus on 

non-OECD countries, where specific drivers for commercial prosumers may be more pronounced. In 

countries that lack reliable electricity service, for example, some commercial and industrial entities 

have chosen to install large onsite generators in order to support continuous operations.14  

 A focus on PV. As in the RE-PROSUMERS study, this study focuses on PV systems since PV remains the 

fastest growing onsite renewable energy generation technology. There are opportunities for 

prosumers to emerge using other onsite electricity technologies, such as wind, biogas, and combined 

heat-and-power (CHP). There are also opportunities for prosumers that do not generate electricity. 

The IEA-RETD RES-H-NEXT study, for example, examined the potential for next generation policy to 

accelerate the adoption of renewable heating and cooling technology (IEA-RETD, 2015).  

                                                           

13 The RE-PROSUMERS report used the more general term self-consumption, rather than specifying self-sufficiency or self-use. 
14 An increasing number of mines around the world, for example, are adding renewable energy to power their remote 

operations (REN21, 2015).  
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1 . 3 .  R E P O R T  S T R U C T U R E  

This report is structured as follows:  

 The remainder of this Section reviews the RE-PROSUMERS framework.  

 Section 2 provides a high-level overview of the report’s approach to exploring commercial prosumers 

and uses the RE-PROSUMERS framework to highlight where the drivers for commercial prosumers 

may diverge from those for residential prosumers. Section 2 includes an in-depth discussion on the 

complexities of the commercial energy investment decision making, drawing from the literature on 

energy efficiency adoption.  

 Section 3 includes in-depth case studies of France, Germany, the UK, and the US. Each of the case 

studies explores whether commercial prosumers are emerging in each country. Each case study 

includes an updated overview of commercial PV development in each country, as well as a qualitative 

and quantitative assessment of commercial prosumer drivers. 

 Section 4 draws conclusions about the status and outlook for commercial prosumers and provides 

policy recommendations for decision makers to consider.  

1 . 4 .  O V E R V I E W  O F  T H E  P R O S U M E R S  F R A M E W O R K  

This report uses the analytical framework introduced by RE-PROSUMERS to structure the discussion and 

analysis of commercial prosumers. The framework consists broadly of three elements: 

 Drivers. The trends, drivers, and interests that shape the emergence of prosumers are complex and 

vary from country to country. Economic, behavioural, and technological drivers, as well as underlying 

national conditions, may each influence PV prosumers in different ways and may be aligned differently 

in different jurisdictions (and from different stakeholder perspectives). Assessing these drivers is an 

important first step in prosumer analysis.  

 Pros and cons. Once the drivers are understood, policymakers will need to weigh the opportunities 

and risks of prosumer scale-up. Prosumers can help achieve national economic and environmental 

objectives, but they also may create costs in the form of grid infrastructure investment and lost 

revenue from incumbent market players. These pros and cons can be assessed against national 

objectives.  

 Strategy definition. After pros and cons have been weighed, policymakers can develop forward-

looking prosumer strategies. Broadly, these strategies can be developed to constrain, enable, or 

transition to PV prosumers.  

Each of these three topic areas are briefly reviewed below. Readers who are familiar with the RE-

PROSUMERS framework can move directly to Section 1.3.  

1.4.1.  Drivers 

Economic drivers for prosumers 

Economic drivers help set the stage for prosumers to emerge. Some economic drivers relate directly to 

the competitiveness of PV (e.g. PV system costs and electricity prices), whereas other economic drivers 

derive from the impact of PV prosumers on different stakeholder groups (e.g. grid operators and other 

consumers). The various types of economic drivers are summarized in Table 1.  
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Table 1 - Summary of economic drivers for PV prosumers 

Legend Description 

 

PV system costs. Low PV hardware, installation, and financing costs make PV more 

competitive and prosumers more likely. Countries with large and mature PV markets 

are more likely to have lower PV system costs than countries with smaller or newer 

markets. 

 

Electricity prices. High electricity prices at the retail and wholesale level make PV more 

competitive and prosumers more likely. The structure of electricity rates can also 

influence prosumer emergence: rates with higher shares of fixed charges (which 

cannot be readily reduced by PV output) will decrease PV competitiveness. The size 

and structure of any taxes, levies, or surcharges, are also of importance. 

 

Onsite demand. The timing of PV system output may not be matched to the timing of 

onsite demand, which may impact optimal PV system output and system economics. 

As discussed above, PV systems where output matches onsite demand will be more 

competitive. 

 

Insolation. A strong incoming solar radiation, or “insolation” makes PV more 

competitive and prosumers more likely. The solar resource varies widely from country 

to country as well as within countries. 

 

Grid impacts. PV prosumers can create both benefits and costs for the electricity grid. 

As the amount of PV interconnected into the distribution grid increases, the grid may 

require upgrades to maintain safety and reliability. At the same time, however, PV 

prosumers can create benefits by reducing losses or the need for transmission 

upgrades.  

Behavioural drivers for prosumers 

Whereas RE-PROSUMERS focused on individual homeowner adoption, this report instead investigates 

“behaviour” through the lens of the corporate decision making. Section 2.4 draws from the literature on 

corporate energy efficiency adoption in order to identify lessons learned for commercial PV prosumers.  
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Table 2 - Summary of behavioural drivers for PV prosumers 

Legend Description 

 

Prosumer adoption. Economic competitiveness is not the only driver for prosumer 

adoption. Consumers may also be motivated to adopt PV for reasons that are harder to 

measure, such as energy security, brand recognition, or environmental goals. 

Consumers may also resist PV adoption (even when the economic argument is 

compelling) because of, e.g., complex decision processes, a lack of knowledge about 

with PV technology, or because of time limitations. 

Technology drivers for prosumers 

Technology can also have an important influence on prosumers – although the relationship can be 

complex and difficult to predict. Some technological developments will hasten the arrival of prosumers, 

whereas some technological factors will constrain prosumers. Other technologies – such as smart grids, 

storage, and electric vehicles – can be thought of as complementary to prosumer development but are 

not prerequisites for prosumer emergence.15 

Table 3 - Summary of technology drivers for PV prosumers 

Legend Description 

 

PV technology. Although PV technology has improved steadily since the 1950s, there 

are opportunities for additional technology breakthroughs that could improve PV 

competitiveness.  

 

Storage. Storage technology, such as lithium ion batteries, can enable prosumers to 

capture and utilize the electricity generated by their PV systems more effectively. 

Battery costs have declined significantly, but batteries add additional costs to PV 

systems and can decrease PV system competitiveness (depending on a range of 

factors). The potential for batteries to add value specifically for commercial PV 

systems is discussed in Section 2.2. 

 

Electric vehicles. Electric vehicles may emerge as an important complement to PV for 

commercial prosumers since they can serve as another source of storage for PV 

output. This may be particularly true in cases where corporations convert their 

company fleets to electric vehicles. Like batteries, however, they represent an 

additional cost which could delay PV competitiveness if thought of as a prerequisite 

for PV prosumer emergence.  

National conditions  

                                                           

15 There are a range of other technologies that can be used to complement onsite generation, such as electric thermal 

storage/water heating, air conditioning with short-term thermal storage, LED technology, and automated demand side 

management and demand response technologies. These and other technologies are beyond the scope of this report.  



Commercial Prosumers – Development and Policy Options (RE-COM-PROSUMERS), March 2016  

  Page 14  

In addition to the primary drivers described in the preceding section, policymakers may also need to 

take into account national conditions that could accelerate or constrain prosumer development. These 

can include, for example: 

 Available roof space. The number of PV prosumers in may be limited by available roof tops. Not all 

buildings or building types have suitable roof space as a result of roof orientation, shading, mechanical 

systems on the roof, etc.  

 Share of rental property. Different countries have different levels of building ownership. Renters are 

unlikely to become prosumers since they do not have an incentive to make long-term investments in 

property improvements such as PV. Similarly, landlords renting their property do not have an incentive 

to install PV because they generally do not pay electricity bills.  

 Existing and planned renewable energy development. Prosumer adoption typically occurs in parallel 

with the development of large, central-station renewable energy plants and with small, distributed 

systems that are not owned by prosumers. If non-prosumer renewable energy generation 

penetrations are high, this may limit the potential of prosumer development Prosumers and non-

prosumers will compete when the amount of potential renewable energy development is limited by 

policy (e.g. caps on development) or by technical considerations.  

Stakeholders 

As often with the introduction of any new business model, the emergence of prosumers creates 

winners and losers, depending on how the incentives of different stakeholders are aligned. The RE-

PROSUMERS framework analyses prosumers from a range of stakeholder perspectives, including 

transmission and distribution grid operators, incumbent generators, other consumers, and government. 

Table 4 summarizes the motivations for different stakeholder groups to either encourage or resist 

prosumers.  

Table 4 - Summary of stakeholder considerations for PV prosumers 

Legend Description 

 

 

Transmission and distribution grid operators. Prosumers reduce the amount of 

power purchased from the grid, which can reduce the revenue grid operators earn. 

Large penetrations of PV may also pose challenges to grid reliability which is one of 

the core services that utilities provide. At the same time, PV prosumers can generate 

savings for system operators when their systems are appropriately situated.  

 

 

Incumbent generators. Prosumers compete with incumbent generators and can 

reduce the revenue that they are able to earn. At the same time, the emergence of 

prosumers can create new business opportunities for generation companies. 

 

Consumers. As the number of PV prosumers scales up, electricity consumers that do 

not own PV may increasingly be impacted. By purchasing less energy from the grid, 

prosumers may put upward pressure on the electricity rates of other ratepayers. On 

the other hand, prosumers can unlock environmental and economic benefits that 

other consumers benefit from.  
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Legend Description 

 

Government. Policymakers must balance and mediate the interests of different 

stakeholder groups when articulating national goals and crafting prosumer policy. On 

the one hand, prosumers can help achieve a range of national policy objectives, like 

energy security. On the other hand, prosumers may reduce government budgets. 

Some taxes are embedded in electricity rates, for example. To the extent that 

prosumers buy less power from the grid, they can reduce government tax revenue. 

1.4.2.  Prosumer Policy Development 

While policymakers may not have direct control over many of the prosumer drivers described above, 

they can attempt to guide and govern prosumer development through policy. This can include 

supporting (or preventing) prosumers through rules to connect to and sell power into the grid. This can 

also include structural reforms to electricity markets or utility regulation. The RE-PROSUMERS 

framework lays out a three-step approach to determine the most appropriate PV prosumer engagement 

approach.  

This report focuses primarily on Step 1 (the evaluation of drivers and conditions) for commercial 

prosumers in the case studies: are commercial prosumers already emerging, and what are the drivers 

that have created the current commercial prosumer market conditions? This report focuses less on Step 

2 (Balance opportunities and risks) or Step 3 (develop and implement prosumer strategy) since these 

steps are similar for both residential and commercial prosumers.  

Step 1. Evaluate drivers and conditions. The drivers described in this Section are the foundation for 

prosumer policymaking. Policymakers can assess the magnitude and impact of different drivers on 

prosumers (i.e. whether the drivers will enable or constrain prosumer development) and how prosumer 

drivers may interact with other national conditions. These drivers can be assessed both for the present 

as well as in the near- and mid-term. Mapping prosumer drivers is an imperfect science, but can provide 

a useful framework for understanding the complex forces acting upon the energy system and to better 

determine if the conditions required to support prosumer scale-up are in place or are a distant 

consideration. Figure 4 below shows an illustrative example of how the impact of different drivers can 

be qualitatively visualized. In the Figure, solar installed costs and insolation are strong drivers that 

enable prosumers in the country in question. A low self-use ratio, as well as storage costs are factors 

that constrain prosumer development.  



Commercial Prosumers – Development and Policy Options (RE-COM-PROSUMERS), March 2016  

  Page 16  

 

Figure 4 - Example of PV prosumer driver assessment 

Source: Adapted from RE-PROSUMERS  

Step 2. Balance opportunities and risks. As discussed above, prosumers can create significant 

economic, environmental, and social benefits, but may also introduce additional costs by requiring new 

regulatory, business, and/or grid models. In order to develop coherent prosumer strategies, 

policymakers should identify and articulate the benefits and costs created by prosumers. Given the 

trade-offs, policymakers should then clearly establish whether encouraging the growth of prosumers is 

a national policy objective. Figure 5 below contains a representative example of the PV prosumer costs 

and benefits that policymakers may wish to consider.  

 

Figure 5 - Example of weighing the benefits and costs of PV prosumer development 
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Source: Adapted from RE-PROSUMERS  

Step 3. Develop and implement prosumer strategy. Once the drivers are catalogued, and the objectives 

for engaging with prosumers have been clarified, policymakers can then develop strategies based on 

these objectives. Figure 6 contains examples of several strategic pathways that policymakers may 

choose. Each is accompanied by its own opportunities and risks. 

Some policymakers may act to constrain prosumer development. This pathway, however, creates the 

risk that prosumers could emerge at some point in the future in an unanticipated manner which would 

be difficult to govern. 

Other policymakers may wish to put policies in place to enable the incremental introduction of 

prosumers. This creates the risk, however, that prosumer scale-up may threaten the economic viability 

of existing utility systems and infrastructure in ways that existing regulatory paradigms cannot mitigate. 

A third potential pathway is for policymakers to support prosumer scale-up while at the same time 

introducing legal and regulatory reforms that encourage “prosumer friendly” structural shifts in current 

business models. This third pathway is consistent with many of the “utility of the future” initiatives 

currently underway around the world. The risk with this pathway is that the regulatory template for the 

transition it implicates does not yet exist and will need to be created as markets evolve.  

 

Figure 6 - Examples of prosumer policy strategies 

Source: IEA RETD research 
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2  D R I V E RS  FO R  CO M M E RC I A L  P RO S UM E RS  

 

The emergence of commercial prosumers will be influenced by the same drivers that will affect 

residential prosumers. Some drivers are more significant for commercial prosumers than for residential, 

however. This section uses the framework from the RE-PROSUMERS report to highlight the ways in 

which the drivers for commercial and residential prosumers diverge. Table 6 below summarizes which 

drivers are discussed in detail and in which sections of this report. As can be seen in the Table, drivers 

such as PV system cost, electricity rates, and self-use ratio are each discussed in their own sections, 

whereas drivers such as insolation, grid impacts, and the impact on government and other consumers 

are not discussed in detail since the differences in their impact on residential and commercial 

prosumers are minimal. Significant attention is devoted to the sections on behavioural drivers and 

economic impact on utilities, whereas the discussion of technical drivers is comparatively succinct. 

Finally, there is significant focus on national conditions and commercial prosumers both in this section 

and also in each of the case studies since different countries have different distributions of building 

type, rental property, etc.  
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Table 5- Summary of RE-PROSUMERS topics discussed in this report 

Legend Description  

 
PV system costs Section 2.1.1 

 
Electricity prices and rate 

structure 

Section 2.1.2 

 
Onsite demand and self-use 

ratio 

Section 2.1.3 

 
Insolation See RE-PROSUMERS report 

 
Grid impacts  See RE-PROSUMERS report 

 
Behavioural drivers Section 2.4 

 
PV technology See RE-PROSUMERS report 

 
Storage Section 2.2. 

 
Electric vehicles See RE-PROSUMERS report 

 
National conditions Section 2.3 discusses building ownership. Section 3 

includes case studies that include national conditions  

 
T&D operators Section 2.5 

 
Incumbent generators Section 2.5 

 
Consumers  See RE-PROSUMERS report 

 
Government See RE-PROSUMERS report 

2 . 1 .  E C O N O M I C  D R I V E R S  

The emergence of commercial prosumers typically depends on having the right mix of economic 

conditions. Prosumer decisions to invest in PV are driven primarily by the expected financial 

performance of the PV system (i.e. how much money will the PV system save on an annual basis), which 

in turn influenced by factors such as the installed system cost, commercial electricity prices, insolation, 

self-use ratios, and the availability and cost of financing.  

An important consideration for commercial prosumers is that they may require significantly higher 

returns on their investments in solar PV than residential customers do. The literature on commercial 

investment decision-making, for example, has suggested that companies are often not willing to exceed 

three year paybacks for energy-related investments (e.g., Prindle, 2010). In many countries, returns on 

solar installations remain modest, and can have payback times exceeding seven years (see case studies 

in Section 3). As a result, commercial PV adoption may lag behind residential adoption even if the 

conditions in the two sectors are otherwise exactly the same.  

It is also important to note that commercial decision making processes may further inhibit (or enable) 

investment even if the economic case for investment is compelling. The complexities of the commercial 

decision making process are discussed in detail in Section 2.4.  



Commercial Prosumers – Development and Policy Options (RE-COM-PROSUMERS), March 2016  

  Page 20  

2.1.1.  PV System Costs    

Lower PV system costs improve the competitiveness of PV. Commercial installations are typically larger 

than residential systems and benefit from economies of scale. In the UK, for example, average system 

prices from 2013-14 for 10-50 kW systems were 33% lower per watt ($2.13/Wdc) than <4 kW systems 

$3.18/Wdc) and 21% lower than 4-10 kW systems ($2.51/Wdc) (UK DECC, 2015e). Similarly, in the United 

States, the average medium-scale rooftop commercial system cost 35% less per watt ($2.25/Wdc) than 

the average residential system ($3.48/Wdc) in Q4 2014 (Kann et al., 2015a).  

Different countries also have different tax structures for residential and commercial customers, which 

can be reflected in, for example, different levels of income tax, sales and excise taxes, and value added 

taxes. Different customer classes can also have different energy, carbon or other taxes built into the 

electricity rates (2.1.2). The taxation scheme can be quite complex and can be difficult to generalize. In 

Germany, for example, the 19% value added tax (VAT) can be deducted from the PV system sales price. 

However, VAT must be paid on electricity generated by the PV system as soon as some electricity is 

exported to the grid. This is the case for both (self-consumed and exported electricity). In other words, 

self-generation is only VAT tax free if no excess electricity is sold to the grid (BMF, 2014). In some 

countries, commercial entities can also claim substantial tax benefits. In the US, for example, PV system 

investments can be depreciated on an accelerated 5-year schedule. The degree to which taxes, tax 

exemptions, tax credits and tax deductions balance out varies from country to country.16 

2.1.2.  Electricity Prices and Rate Structure   

As discussed in Section 1, industrial rates are lower than commercial rates in many countries. 

Commercial rates are often likewise lower than average residential rates. Lower rates reduce the 

competitiveness of commercial PV and limit prosumer emergence. At the same time, commercial rates 

structures may further constrain prosumer development. In many countries, residential electricity rate 

structures are composed of primarily volumetric charges i.e. on a USD/kWh basis, as in the U.S., UK, 

France, and Germany), sometimes supplemented by smaller fixed charges. PV system output can thus 

directly offset volumetric purchases – the largest component of residential electricity bills – from the 

grid. Commercial customers, by contrast, have much more varied rate structures, which can include a 

mix of volumetric charges, demand charges (i.e. USD/kW)17, and larger fixed charges (i.e. USD/year). PV 

output cannot directly reduce demand or other fixed charges under normal circumstance and will 

therefore be less competitive in jurisdictions with significant non-volumetric rates.  

                                                           

16 The authors do not render legal, investment, accounting, or tax advice, and the information contained in this communication 

should not be regarded as such 
17 This document uses the term “demand charge” to refer to charges assessed on a per kilowatt basis. In Europe, demand 

charges are also referred to as “capacity-based tariffs” (e.g. European Commission, 2015).  
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It is challenging to draw broad generalizations about commercial rate structures, however. The structure 

of commercial rates varies widely, and this variation can significantly impact PV system economics. In 

the United States, for example, there are over 4,600 utilities and over 13,000 different commercial rate 

structures. Commercial PV system economics for the same building type vary significantly across the 

states, with the most attractive states having high electricity prices and favourable rate structures (Ong 

et al., 2012).18 An equally heterogeneous picture can be found in Europe, with electricity prices for 

commercial consumers varying widely (European Commission, 2014). Whereas commercial rates in 

Germany are highly variable, commercial rate structures in France were until recently closely regulated 

by the government. With the requirement to move to market-based rates as of January 1, 2016, 

France’s commercial rates will no longer be regulated, potentially making commercial self-use more 

attractive for certain customers. Finally, different countries embed different energy, carbon, and other 

taxes in the retail rate structures in different ways. The importance of rate structures in the economic 

attractiveness of PV in different jurisdictions is further explored in the case studies in Section 3.  

2.1.3.  Onside Demand and Self-use   

Residential prosumers in many countries have historically exported a significant amount of electricity to 

the grid under policies such as feed-in tariffs and net metering. Without such policies, however, the 

match between residential PV system output and residential demand is uneven. It is estimated that 

residential systems in Europe can achieve self-use ratios of 29-42%, depending on the country (Latour, 

2013). By contrast, commercial and manufacturing buildings in Germany and Spain can achieve self-

use ratios of 75 to 100% (REC, 2013; Willborn et al., 2014). The alignment of peak PV generation with 

peak commercial electricity demand in certain commercial industries, combined with careful sizing of 

PV systems, is primarily responsible for the higher self-use ratios. These higher self-use ratios improve 

the competitiveness of commercial PV.  

Although it is comparatively easy for commercial buildings to size their PV systems to achieve high self-

use ratios, many commercial buildings have low maximum solar energy penetration potential. Figure 9 

below provides estimates for the percentage of electricity demand that can be met by PV by building 

type, assuming that the entire rooftop is used and all the output can be either utilized onsite or 

exported.  

As can be seen in Figure 7, buildings with significant rooftop equipment (e.g. hospitals) or that have 

small roof area compared to building height (e.g. large hotels and office buildings) are likely to have low 

maximum solar energy penetrations of between 4-7%. Rooftop solar PV systems on these building types 

are likely to have high self-use ratios since their output will likely be below the buildings’ minimum 

baseload. Put another way, it is unlikely that PV systems on these buildings will export power to the grid 

even if the entire roof is utilized for the installation. Appendix B presents examples of PV systems on 

hotels, hospitals, and large office buildings and demonstrates that they can achieve 92%-100% self-use.  

At the other end of the spectrum, warehouses have large rooftops and low onsite load. As result, 

warehouses can achieve more than 100% maximum solar energy penetration. As shown in Appendix B, 

the warehouse system can be downsized significantly to raise the self-use ratio, but the potential 

rooftop space goes largely underutilized as a result.  

                                                           

18 PV system economics in the cited study are compared using “net solar value” metric, which compares a building’s lowest cost 

electricity rate option prior to PV installation with the bill post PV installation.  
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Figure 7 - Maximum solar energy penetration of various commercial building types. 

Building types based on US DOE Reference Building Models (see Appendix B) (Ong et al., 2012)  

Commercial prosumers are more likely to maximize self-use if they occupy commercial buildings with 

the following characteristics:  

 Available roof space. Commercial buildings with flat roofs with good sun exposure are more 

favourable for PV installations. Buildings with fewer HVAC needs (e.g. due to lack of refrigeration, 

lower ventilation needs) are able to install more PV—often on as much as 90% of available roof space 

(IKEA, 2015) – since air conditioners will not take up as much space on the roof.  

 High, stable minimum electricity load. Buildings with consistent, high minimum electricity loads will 

be able to maximize self-use. Electricity generated by onsite PV will often be injected into the grid 

when buildings with lower base loads are not open (i.e. on weekends or holidays), reducing the value 

of generated electricity in jurisdictions where exported generation is compensated at a lower rate (or 

not compensated at all).19 

2 . 2 .  T E C H N O L O G Y  D R I V E R S   

Generally speaking, the technology drivers for commercial and residential prosumers are not 

significantly different. The primary exception is the use of storage to shave onsite peak demand. As 

discussed in Section 2.1.2 above, commercial electricity bills in many jurisdictions are divided into both 

volumetric and demand components. The demand component is billed according to the highest amount 

of kilowatt demand recorded at regular intervals (e.g. 15 minutes) during a month. Depending on the 

rate structure, the total demand charges for commercial buildings may be equal to or higher than the 

volumetric charges (Byrne et al., 1998).  

                                                           

19 There can be very large variations in energy use intensity for different building types, despite similar square footage. For 

example, small office and full-service restaurant reference buildings may both be ~510 m2 of floor area, but will use 66 and 322 

MWh per year, respectively (Deru et al., 2011; Ong et al., 2012). 
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Although a PV system may match periods of peak demand for most of the month, the demand charge 

could still be set during a fifteen minute window (e.g. when clouds pass over head) that demand spikes 

while PV output is low. As a result, PV cannot reliably reduce peak demand charges.  

As discussed in RE-PROSUMERS, battery technology remains expensive and it is unlikely that residential 

PV prosumers will be able to cost-effectively defect from the grid in the near term. As discussed in 

Section 1.2, it is also unlikely that commercial prosumers will use batteries to defect from the grid since 

PV and battery combinations will not be sufficient to reach 100% self-sufficiency either daily or 

seasonally. Battery storage, however, can be used to shave peak demand by storing PV electricity 

generated during off-peak hours and then discharging, or dispatching, during the building’s peak 

demand periods. Depending on the building load profile and the rate structure, the value of this peak 

shaving capability may outweigh the additional cost of battery storage.  

In some jurisdictions, recent modelling has concluded that PV and storage at current prices could 

generate attractive economic returns for commercial buildings by delivering demand charge reductions 

similar in magnitude to the volumetric (i.e. kWh) savings (Manghani, 2014). Buildings that experience 

sharp peaks (e.g. as a result of variable loads such as large HVAC systems, motors, etc.) stand to benefit 

most from PV and storage (PV/storage) systems that are configured to shave peak. Hotels experience 

large peaks in the mornings and the evenings when guests are most active, and PV/storage can be used 

to create demand-related savings. As discussed in Section 3.2, this report focuses primarily on building 

types with comparatively flat load profiles and does not analyse the economics of PV/battery systems 

configured to shave peak.  

It is also important to note, however, that the use of PV and storage to shave peak has not yet been 

widely demonstrated. The perceived business model and technology risks inherent in dispatchable peak 

shaving PV systems could increase the cost of capital and reduce the competitiveness of PV/storage 

(Manghani, 2014).  

2 . 3 .  N AT I O N A L  C O N D I T I O N S    

As discussed in Section 1.3.1 above, a range of national conditions can enable or constrain prosumer 

development. This section highlights building ownership and occupancy since they are particularly 

relevant to commercial buildings. Other national conditions, such as available commercial roof space, 

are not near-term constraints on commercial prosumer emergence (Section 1.2).  

Building ownership and occupancy models can significantly impact the potential for PV technology 

adoption (Schick, 2002). PV financial analysis and decision-making typically considers a time horizon 

of 20-years or more, making the organization’s expectations of long-term ownership and/or 

occupancy a major factor. Ownership also implicates roof access and right to install equipment, 

whereas tenants may have an added layer of decision-making to navigate before installation of a PV 

system may be approved.  

 Owners are better positioned than tenants to invest in PV. Where would-be prosumers do not own 

the buildings in which they operate, the structures and terms of their lease play critical roles in the 

feasibility of the project and the ability to reap the benefits of their investment. Commercial spaces 

can be governed by a variety of different lease structures.  
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Two of the major types of leases are triple net leases and gross leases. In a triple net lease, tenants 

pay for rent, property taxes, insurance and building operating expenses and are typically charged on a 

square meter basis. In gross leases, landlords assume responsibility for building operating expenses. In 

some modified gross leases, tenants may pay for a proportional share of utility bills. In the case of 

unmodified gross leases and net leases, the impacts of energy investments (i.e. PV) are not directly 

accessible by the investors. In a net lease, landlords are disincentivized from making energy 

investments since they do not pay for monthly utility bills. In a gross lease, tenants are dis-incentivized 

from making energy investments in their spaces if the savings are not directly reflected in monthly 

utility bills. This disconnect is known as a split incentive. Increasingly, a variety of “green leasing” 

provisions are beginning to be incorporated into leases, typically when a highly environmentally 

motivated tenant is committing to a long-term lease (MCG, 2014). While investments in energy 

efficiency is the more common driver of green leases, increased use of various green lease mechanism 

could help enable more rapid uptake of PV among prosumers that do not own a large portion of their 

facilities. Whereas a majority of residential consumers own their own homes in the EU, the share of 

commercial building ownership is lower. In the UK, approximately two-thirds of all commercial floor 

space is leased and not owned (AREF, 2013). In the US, by contrast, 36% of commercial buildings are 

leased, and 7% are a mix of owner-occupied and leased (US EIA, 2015a). Low percentages of 

commercial building ownership may serve to slow or delay commercial prosumers. 

 Term of occupancy impact on PV ownership decisions. Some building types (e.g. institutional 

buildings) may be more willing than commercial entities to invest in PV systems because they have 

greater tolerance for longer-term investments. Some commercial real estate buildings, by contrast, 

may be less inclined to invest because they have shorter-term investment horizons as a result of their 

corporate strategy (e.g. to purchase and resell buildings in the short term). It is necessary to take 

factors such as these into account when attempting to draw broad conclusions about the emergence 

of commercial PV prosumers.  

Although it is important to take ownership and occupancy considerations into account when 

contemplating prosumer strategy, it is also difficult to broadly characterize (and target policy to) specific 

classes of commercial building types. Different building ownership and occupancy models can be found 

to different extents in different commercial building industries:  

 Commercial real estate can be divided into buildings that are leased and managed by the owner, 

buildings that are leased but managed by a property management company, and buildings that are 

owner-occupied. Owners can be further subdivided into those whose strategy is to buy, renovate, and 

resell buildings, and owners who buy and hold them over the long term. Finally, tenants can be 

differentiated by their lease terms, with long term (e.g. ground) leases providing greater incentive to 

make PV investments that most short-term tenants would not have. Each of these categories has 

different implications for potential PV investment.  

 Chains and franchises include supermarkets, general retail (e.g. department stores), specialty retail, 

restaurants (which are split between chain/franchises and independent), and hotels (which are highly 

complex and fragmented). Each of these industries has different property investment strategies, which 

can impact PV adoption and diffusion.  

 Institutional buildings can include state buildings, universities, primary and secondary schools, and 

hospitals. Although these institutions tend to occupy their buildings for a long period of time, they 

also vary in terms of whether they own or lease their space, and the extent to which their decision 

making is constrained or enabled by government policy.  
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2 . 4 .  B E H AV I O U R A L  D R I V E R S    

The factors discussed above under economic drivers and national conditions play a significant role in PV 

adoption. However, even in a well-functioning market with widespread awareness of PV, uninhibited 

access to information, and rational decision-making, numerous other variables impact firms’ decisions 

(or non-decisions) to pursue energy management generally, and PV adoption specifically. A well-

documented “gap” between profitable energy measures and those actually implemented raises 

question of why profitable opportunities for energy conservation and self-generation are not pursued 

(see e.g., Decanio, 1993; de Groot et al., 2001; Hirst & Brown, 1990; Jaffea & Stavins, 1993)  

This section explores behavioural drivers which help explain the lost opportunities for profitable energy 

investments, which include a range of non-financial motivations and barriers in large organizations to 

pursue (or not pursue) PV. Some drivers of commercial prosumer behaviour overlap with those 

applicable to the residential sector discussed in RE-PROSUMERS (for example, awareness, attitudes, 

values, and beliefs of individuals). However there are significant differences between the two sectors, as 

discussed in Box 2. 

Box 2. Differences between residential & commercial prosumers: behavioural drivers 

Decision-making centralization. Organizations face more barriers of coordination, diffuse decision-

making, and sometimes onerous approval processes. Residential prosumers may not always be able to 

make decisions unilaterally; for example, they may have to contend with other stakeholders such as 

condominium or homeowner association members whose support or approval may be needed. 

However, decision-makers in the residential sector are likely to be more consolidated than the 

commercial or institutional sectors. The reduced/eliminated internal coordination and communication 

for residential prosumers likely means lower transaction costs. 

Split incentives and principal-agent challenges. Split incentives and principal-agent challenges occur 

when the benefits of an energy project accrue to one entity and the costs and decision-making 

authority are held by another. While these challenges do apply in the residential sector (e.g. renters 

face a landlord-tenant split incentive), more complex split incentive and agency problems can emerge 

in large organizations due to business unit structures, budgets and energy accounting practices. For 

example, up-front costs may be paid out of a capital improvements budget but benefits accrue to an 

operations and maintenance account.  

Technical and informational barriers. Commercial prosumers are more likely to have a stronger base 

of knowledge about PV investments and energy investments generally. A medium-sized or large firm is 

more likely to have dedicated to building management or energy investments whose knowledge allows 

them to make more informed decisions but may also create a heightened sense of risk or uncertainty 

about future changes in technology, energy prices, and other conditions which might delay action. In 

comparison, residential prosumers often have varying motivations for adopting solar PV based on their 

environmental and personal preferences rather than strictly on the basis of economics. 
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While there is comparatively little literature specifically discussing commercial decision-making 

related to PV adoption, analysis of the literature on energy efficiency and energy management more 

generally suggests a high degree of relevance to PV prosumer behaviour. The discussion of behavioural 

drivers below thus draws on the literature about energy efficiency investment decisions as a proxy, 

recognizing the similar role both energy efficiency and PV play in reducing or offsetting electricity 

purchases (Bazerman, 2008; Cagno & Trianni, 2014; CSE and ESI, 2012; de Groot et al., 2001; Koetse et 

al., 2003; Kulakowski, 1999; Moezzi et al., 2014; Prindle, 2010; Reddy & Painuly, 2004; Reinaud & 

Goldberg, 2011; Rudberg et al., 2013). Unless otherwise noted, the research referenced below refers to 

these sources. 

A number of these and other studies have argued in favour of a comprehensive approach to energy 

management (Janda, 2013; Linnenluecke et al., 2009; Lutzenhiser et al., 2001). The behavioural drivers 

influencing commercial prosumer decision-making are grouped into five sections, following the 

"virtuous cycle" framework developed by Hiller et al. (2012).  

The authors argue that the executive, financial, human resources, performance management, and 

public relations functions of an entity must be aligned to overcome various barriers and create a cycle of 

continuous improvement of energy management and that meaningful interventions to support onsite 

energy adoption must take these factors into account. Barriers in one functional can prevent PV 

adoption even if the rest of the corporate functions are aligned. If each department is equipped with 

the right information, resources, and authority, however, then targets set by executive leadership will be 

followed by successful implementation and positive public relations, which will reinforce the executive 

targets in a cyclical manner. The virtuous cycle framework for energy management is illustrated in 

Figure 8 and the five categories form the basis for subsequent discussion of specific factors influencing 

firms’ decision-making. The policy implications of the virtuous cycle framework are discussed in Section 

4.  

In general, behavioural drivers are highly organization-specific and do not strongly correlate by 

industry. However, two notable exceptions prevalent in the energy management literature are 

discussed in Box 3. 
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Figure 8 - The virtuous cycle of energy management 

Adapted from Hiller et al. 2012 

Box 3. The influence of industry-specific factors on behaviour 

The drivers of strategic energy management are highly organization-specific with the exception of two 

factors for which the literature suggests strong correlation: 

Energy intensive industries. The salience of energy consumption in the organization is dependent in 

large part on the energy intensity (energy consumed per unit of productive output) of the organization’s 

sector or industry. Firms in energy-intensive industries are more likely (but by no means guaranteed) to 

view energy as a core or strategic issue, have monitoring systems in place, and notice and act upon 

energy opportunities.  

Public-facing markets. Industries which interact directly with the public (e.g. retailers, consumer goods, 

hotels, public buildings) have a much higher need to maintain brand and reputation. This can make 

environmental and energy management more strategic to the business. This is particularly true in the 

case of onsite PV where the visibility of a renewable energy system can have a more direct and frequent 

impact on consumers’ perception. 
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2.4.1.  Executive Leadership  

Corporate behaviour is often assumed to be rational, with leaders objectively evaluating opportunities 

and risks in order to maximize the firm’s profitability. However, corporate behaviour is influenced by 

persistent beliefs about technology, risks, costs, benefits, etc. which may or may not reflect actual 

conditions. Decision-makers may not subject those beliefs to periodic review, allowing lingering 

misconceptions to perpetuate the status quo. Decision-making is thus heavily influenced by imperfect 

access to information, as well as the values, beliefs, and heuristics of individual decision-makers 

(Rosner, 1995). For example, individuals vary in the degree to which they discount the future, hold 

optimistic perceptions on the future, or are otherwise consciously or subconsciously influenced by self-

serving biases (“egocentrism”).  

These tendencies can be exacerbated by uncertainty and complexity, for example if uncertainty 

regarding future market conditions, energy prices, or the availability of new and improved technologies 

is used to rationalize and perpetuate inaction.20 In particular, the rapidly falling cost of PV in recent years 

(e.g. 52% decline in the U.S. between 2009 and 2014) (Barbose et al., 2014) could be a driver or a 

barrier to PV adoption: while price declines help draw attention to PV as a compelling option and an 

emerging strategic opportunity, some may view the instability the market as a reason to hold out for 

even better opportunities in the near future. Uncertainty regarding future energy prices, on the other 

hand, is more likely to be a driver of PV and other energy investments.  

While the finances of a project are the largest factor in most customer decisions on renewable energy 

investments, hedging against electricity price volatility is playing an increasingly important role. 

Risk (real or perceived) can also deter investment. The field of building management is heavily oriented 

around occupant comfort, complaint avoidance, and avoidance of energy supply disruptions, and 

building managers are incentivized to be highly risk-averse. However, unlike energy efficiency, 

installation of PV is unlikely to have any impact on building occupant experience or to disrupt normal 

operations. This eliminates some of the perceived or actual implementation risks associated with 

energy conservation projects.  

Perhaps one of the most significant challenges in making onsite renewable energy investments a 

priority is the perception of energy management as a non-core or non-strategic issue. At the executive 

level, energy use in many industries is viewed by management as a single, narrow set of technical issues 

and not a “core” or strategic issue. A variety of studies have documented how firms fail to prioritize 

energy management, treat energy as a fixed cost, and/or fail to recognize the potential for contributing 

to the bottom line. Management attention to energy is often short-lived and arises only in response to 

external influences such as energy price shocks, regulation (or threat of regulation), or pressure from 

customers or consumers (e.g., Lutzenhiser et al., 2002). Partly in order to overcome this barrier, some 

large supermarket groups in France have created a subsidiary company that is responsible for focusing 

on energy initiatives at the company called “Green Yellow”. The creation of a separate entity with a 

clear mandate to examine, and act on, attractive energy saving, revenue generating, or bill-reducing 

activities has helped improve the visibility of opportunities like customer-sited PV at the company, 

turning them from a non-core issue to an important part of the company’s overall brand (see France 

case study in Section 3.3.).  

                                                           

20 However, the influence of expectations on future energy prices on decision-making may depend on firm size (Koetse et al., 

2003). 
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Making the case for renewable energy investment as a strategic issue that confers competitive 

advantage may help generate momentum for ongoing attention from management. A number of 

leading companies have demonstrated how effective company-wide energy management initiatives can 

succeed when the issue is clearly identified as a strategic priority. For example, IKEA’s commitment to a 

100% renewable energy target led to rapid adoption of PV in the past five years in the U.S., where 90% 

of IKEA stores now have onsite solar generation installed. Indeed this type of company-wide initiative 

may be easier to implement for PV than energy efficiency because sites can be selected based on 

relatively simple and readily identifiable characteristics (e.g. location, roof size and orientation, building 

ownership) whereas efficiency upgrades may require a more nuanced understanding of existing 

conditions and technical building characteristics. 

In contrast, bottom-up energy initiatives or one-off projects can suffer from the “invisibility” of energy 

where gains in energy efficiency and the associated savings can go unnoticed in the wider organization. 

In the case of PV, the projects themselves are less likely to be overlooked due to the highly visible 

nature of onsite PV installations. However, more important is the visibility of the associated energy 

reductions and cost savings. Demonstrating success to management after a project can maintain focus 

and momentum for further investment.  

In the case of energy efficiency, reductions can be difficult to measure and communicate due to their 

complexity, the lag effect associated with monitoring results and the fact that overall energy 

consumption in a given time period is subject to other factors (e.g. weather, building use, occupant 

behaviour, etc.) and does not correlate with energy investments alone. Here again, PV has an advantage 

because impacts are comparatively easy to measure and communicate and they can be determined 

quickly after a project is completed. While not guaranteed to match predicted output, PV production is 

subject to fewer of the above-mentioned variables which could negate or obfuscate actual savings than 

energy efficiency projects.  

PV prosumers are most likely to emerge in firms that focus and sustain executive attention and 

commitment, view renewable energy as a strategic opportunity, recognize the price hedging value of 

PV, set an explicit PV target, identify a portfolio of company-wide project opportunities, and monitor 

and report quantifiable results following implementation. 

2.4.2.  Human Resources 

Even where executive attention is successfully focused on creating a mandate for strategic energy 

management, initiatives can falter when responsibilities for implementation are not clearly 

articulated or incentivized. In many firms, responsibility for energy management is diffuse across the 

organization. For example, control over energy use may be spread across a variety of positions and 

departments including building managers, IT, maintenance staff, etc., and levels of coordination may be 

low. In contrast, responsibility for investigating renewable energy opportunities are less likely to be 

diffuse; rather they are more likely to be unassigned altogether. 

Even where energy management responsibilities are clearly articulated, there may not always be an 

adequate level of expertise or capacity. Unlike energy efficiency, installing PV is relatively maintenance-

free and requires little training of building managers for ongoing operation of new equipment (an often 

overlooked or inadequately implemented part of energy project planning processes). However, 

development of renewable energy projects may be outside the experience, expertise, or job 

responsibilities of building managers.  
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Lack of capacity or competing demands on staff time are also frequently-cited barriers to action in the 

energy efficiency literature that applies to the PV context as well.21 

In addition to the predominantly risk averse nature of the building management field discussed earlier, 

a number of studies have highlighted the low visibility and status of building managers more generally. 

Building managers are unlikely to have input into strategic decisions and in larger firms are likely to sit 

some distance form senior management in the organization’s hierarchy. In firms that rely on a bottom-

up approach to energy management, proactive identification of energy reduction or clean energy 

opportunities is often dependent on the personal commitment and values of building managers and 

their ability to get management’s attention. 

PV is more likely to be pursued by firms that have explicitly designated staff responsibility for 

investigating renewable energy opportunities, allocated sufficient human resources, invested in staff 

training or provided access to external expertise, and/or created channels for building-level personnel 

to propose project opportunities to relevant decision-makers. 

2.4.3.  Financial Resources 

Energy investments are capital-intensive, with first costs typically making up the majority of total life 

cycle costs for both energy efficiency and renewable energy investments. Lack of access to capital, high 

up-front costs, high transaction costs, and various principle-agent problems are thus major factors 

influencing investments in energy management.  

Like managerial and staff time and attention, access to financial resources is a significant driver of 

effective energy management. Where energy competes with other priorities for capital investment, low 

or modest expected returns may deprioritize investment. In general, energy investments are subject to 

very high rate of return requirements, often higher than other investments with comparable risks. 

Some studies have found expected rates of return for energy efficiency projects in the commercial 

sector of between 18-30%, with expected paybacks often in the 2-4 year range. Some studies have also 

shown that even where comparably sophisticated financial analyses are conducted, decision-makers 

ultimately rely on simplistic metrics such as payback period to make decisions. Anecdotal evidence 

suggests that investments in PV are subjects to similar return expect actions and decision-making 

processes. PV uptake is thus likely to be accelerated in firms that establish lower financial performance 

thresholds for renewable energy projects than other investments, employ more complex financial 

analysis tools (e.g. that recognize the electricity price hedging value of PV), or take a portfolio approach 

to project development that uses the average of a group of projects to meet financial performance 

thresholds. 

In other cases, high financial performance thresholds may not be a barrier so much as a lack of access 

to capital. This barrier can be particularly potent for SMEs which are more likely to seek external 

sources of financing for capital-intensive investments such as energy efficiency. Access to external 

sources of capital (e.g. bank loans) may be challenging where companies have already taken on debt or 

where lenders lack capacity for evaluating energy investments. Assessing energy investments may 

require quantifying revenue streams and assessing risks, which in turn demands at least a rudimentary 

level of understanding of technological and energy market conditions.  

                                                           

21 See, e.g., literature review of empirical studies in Cagno and Trianni 2014. 
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Energy projects may also not conform to standard evaluation metrics: for example, energy equipment 

provides little collateral due to its limited resale value. PV is no exception: used panels may have limited 

resale value and a significant portion of total project costs are non-hardware (i.e. soft costs including 

project management, permitting, installation, etc.). Larger firms can overcome these challenges by 

creating dedicated funding pools (e.g. revolving energy funds) and transparent processes for obtaining 

funding while smaller firms may rely on energy service companies (ESCOs) for energy efficiency and 

power purchase agreements (PPAs) for PV projects to avoid the up-front costs. 

These solutions, however, may run up against structural challenges and principle-agent problems, for 

example when the benefits of energy projects accrue to a different department than the costs. For 

example, up-front costs may be paid out of a capital improvements budget but benefits accrue to an 

operations and maintenance account. Such “split incentives” can fail to create adequate motivations for 

the individuals with decision-making authority or access to financial resources. 

The ability in some jurisdictions of PV projects to generate a revenue stream may make these 

challenges easier to overcome. Some state policies allow the sale of all or some of the power generated 

by renewable energy installations, for example, states with net metering or FIT policies allow sale of 

electricity into grid or to other local consumers. This is rarely the case for efficiency projects, except for 

some co-generation and CHP projects where there may be local buyers for steam.  

Firms are more likely to become significant PV prosumers if renewable energy projects (or portfolios 

of projects) meet the firm’s financial performance thresholds; decision-makers rely on sophisticated 

financial indicators that consider the full range of PV’s benefits; dedicated internal funding 

mechanisms and/or external financing is available; and split incentive problems are overcome or 

avoided in project accounting. 

2.4.4.  Projects & Performance Monitoring 

The availability of energy project opportunities is a self-evident prerequisite for implementation. 

However, an often overlooked challenge is creating communication channels, incentive structures, and 

decision-making processes that lead to deliberate and coordinated monitoring of PV investment 

opportunities and collection of the data needed to assess their value. This stage of the process has 

historically received less attention in the energy management literature than later stages of options 

analysis and financial evaluation.  

Compared to energy efficiency technologies, PV technology is relatively homogenous and awareness of 

the technology is more widespread. However, as discussed in Section 2.4.1, decision-makers may hold 

incorrect or outdated perceptions of cost or feasibility of projects and may be unaware of some of the 

market drivers that would make it a viable option. In the absence of an explicit target, incentive 

program, or clear directive from management to investigate and pursue renewable energy 

opportunities, firms may simply overlook PV opportunities unless key staff take it upon themselves to 

identify opportunities (or work with third party vendors) and recommend projects for implementation. 
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Company-wide targets, renewable energy programs, or the creation of special subsidiaries, are 

among the remedies to problems of opportunity identification. As discussed earlier, suitable sites for 

PV can be selected based on relatively simple and readily identifiable characteristics (e.g. location, roof 

size and orientation, building ownership) in contrast to efficiency upgrades. Facilities can be screened 

and prioritized based on key criteria by staff with responsibility for company-wide energy management 

or external service providers, reducing transaction costs and making efficient use of resources to 

support the most promising projects first. 

Firms are more likely to adopt PV if they take a company-wide approach to project opportunity 

identification and analysis in order to generate a pipeline of prioritized projects.  

2.4.5. Public Relations 

Internal and external recognition can be a significant motivator for organizations to invest in energy 

management. External drivers can include pressure from activists, consumers, customers, NGOs, 

competitors, and regulators. Triggering events may increase the impetus for action such as during the 

energy crisis in 1999 when California businesses and residents made significant investments in energy 

efficiency in response to high prices.  

Under business-as-usual circumstances the incentives are often to pursue short term, predictable, 

conservative measures, if any. However, the strength of reputational drivers depends in large part to 

the organization’s position in the value chain (Box 3), with consumer-facing firms (e.g. retailers, brands) 

typically having the strongest incentives for action. The innate visibility of onsite PV may also make it 

more appealing to decision-makers seeing a public relations benefit as compared to energy efficiency 

improvements, which are more likely to be invisible within (and outside) an organization unless they are 

effectively communicated. 

Internally-focused drivers for energy management can also be significant, again depending in part on 

the organization and its sector or industry. These include improved engagement, environmental 

awareness, comfort, morale, and productivity of employees.  

Identifying and articulating these internal and external engagement drivers can be critical to raising the 

strategic value of energy efficiency and renewables, especially in offices and other less energy-intensive 

industries where cost savings may not make a significant enough difference to the organization’s bottom 

line. 

Public and stakeholder engagement considerations are most likely to drive investment in PV among 

firms that are in a public-facing industries, environmentally intensive industries, and/or place a high 

value on staff engagement and morale. PV adoption is more likely in periods when external factors 

have made energy consumption a more high-profile or closely scrutinized aspect of the business.  

2.4.6.  Best Practices for Addressing Organizational and Behavioural Drivers 

Figure 9 below again shows the virtuous cycle framework, but incorporates specific practices (by 

corporate function) that could enable onsite energy adoption. Detailed discussion of these practices is 

outside the scope of this report. However, it is worth noting that many of these activities are 

interdependent and mutually reinforcing; investment in one area can improve an organization’s 

effectiveness in others.  
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Figure 9 – Best practices for addressing organizational and behavioural drivers 

2 . 5 .  S TA K E H O L D E R  C O N S I D E R AT I O N S   

As discussed in Section 1.3.1, another important factor for prosumer emergence is the influence of 

other stakeholders. Economic drivers, national conditions, and behavioural drivers will each shape 

commercial prosumer decision making. At the same time, however, the perspectives and opinions of 

other impacted stakeholder groups will help shape the policy environment in which prosumers operate 

by creating either supportive or countervailing political pressure. The impacted stakeholders are similar 

to those discussed in RE-PROSUMERS and were previously summarized in Figure 5. Rather than repeat 

each of the stakeholder perspectives, this section focuses primarily on the owners of electric system 

infrastructure. 22 Specifically, T&D operators and incumbent generators may be most significantly 

impacted by widespread prosumer emergence given the larger and more rapid potential scale-up of PV 

deployment by commercial prosumers as compared to residential.  

2.5.1.  Prosumers and Electricity Infrastructure Owners 

The regulatory environment for commercial prosumers in many markets may evolve in response to 

issues or concerns related to how they impact T&D operators and incumbent electric generators. As 

described in RE-PROSUMERS, these challenges are both financial and technical in nature. The financial 

concerns include the following: 

                                                           

22 In order to remain terminologically neutral, the RE-PROSUMERS report generically refers to “owners of electric system 

infrastructure”, with the understanding that this term refers to owners of generation, transmission, and/or distribution 

systems, and includes both regulated and unregulated entities, unless otherwise specified. As shorthand, the term “utilities” is 

sometimes used instead. 
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 Revenue erosion. PV used to serve onsite load reduces retail electricity sales and revenues for the 

utility or other retail electricity providers, potentially eroding its profitability. Under cost-of-service 

regulation, such revenue erosion may put upward pressure on retail electricity prices as fixed costs are 

spread among fewer units of electricity sales, raising concerns about cost-shifting or cross-

subsidization among customer classes.  

 Wholesale market price suppression. High penetration of renewable electricity can depress electricity 

prices in the bulk power market, undermining the financial viability of other generators and 

potentially raising longer term concerns about resource adequacy and reliability. 

 Reduced earnings opportunities. Distributed PV may defer or avoid capital investments in new 

generation, transmission, and distribution system infrastructure, eliminating earnings opportunities 

for developers and owners of those assets. 

The extent and severity of these issues varies between commercial and residential prosumers, reflecting 

some of the key differences highlighted earlier in Section 2.1. For example, many commercial customers 

take service under retail electricity tariffs with significant demand-based charges. Onsite PV is generally 

less effective at reducing demand charges than volumetric charges, and in some utility systems, utility 

revenue erosion may be less significant for commercial prosumers, depending on the relative level of 

PV penetration and the proportion of demand charges in the consumer’s overall bill. In rate structures 

with large demand charges, there is often more alignment between utility revenue and cost impacts, 

reducing revenue losses relative to rates with predominately volumetric charges, potentially easing 

concerns about impacts to utility-shareholder returns and about upward pressure on retail electricity 

prices. Concerns about cost-shifting may therefore be less acute in the case of commercial prosumers, 

and also potentially less politically charged, as unlike residential PV, no wealth disparity is presumed to 

exist between commercial customers with solar and those without. 

In addition, commercial customer load profiles often coincide better with PV generation profiles than do 

residential load profiles. To the extent that commercial customers tend to be co-located on common 

distribution feeders, commercial customer PV may therefore be more effective at reducing peak 

demand growth on the circuit and deferring distribution system upgrades driven by load growth. On 

the one hand, this would tend to further enhance the value of commercial PV from the perspective of 

other users of the electricity network, offsetting any adverse impacts associated with revenue erosion 

and fixed cost recovery. On the other hand, it may further exacerbate utility shareholders concerns 

about reduced earnings opportunities associated with deferred distribution system investments. T&D 

operator incumbents in liberalized markets, which generate earnings primarily through investments in 

the distribution network, may therefore be particularly sensitive to high rates of commercial prosumer 

growth.  

A further factor that has raised particular concern in markets such as France is the impact on the grid of 

a sudden emergence of commercial prosumers. Some stakeholders in France, for example, expressed 

concerns over the potential negative impacts of sudden peaks of injection or of withdrawal from the 

network, particularly due to shifting patterns of cloud cover that the utility may not be able to model or 

predict effectively.  

Among other implications, this has generated concerns about policies that encourage prosumers to 

export to the grid, partly on the grounds that such polices do not stimulate prosumers to mitigate peaks 

of injection and withdrawal. In response, France has begun to develop new incentive systems tailored 

specifically to PV prosumers to encourage them to better manage their overall electricity generation 

and consumption onsite (see Section 3.3). 
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As noted in RE-PROSUMERS, PV electricity consumed onsite resembles energy efficiency in terms of 

the financial impacts it imposes on utilities and other electricity industry incumbents: both serve to 

reduce retail electricity sales and revenues, suppress wholesale market prices, and defer capital 

investments. The analogue is perhaps closest in the case of commercial prosumers, given the larger 

fraction of PV generation that is self-consumed and the greater coincidence between PV production 

profiles and customer loads. Historically, energy efficiency programs and policies have arguably imposed 

far more substantial financial challenges on incumbents, both by virtue of the longer history and larger 

scale of energy efficiency investments to date. In the United States, for example, energy efficiency 

programs funded by utility ratepayers have reduced retail electricity sales by roughly 5% to-date, with 

new measures each year shaving an additional 0.7% of electricity sales.23 By comparison, distributed PV 

has cumulatively reduced U.S. retail electricity sales by 0.3%, with capacity additions in 2014 equating 

to 0.07% of electricity sales nationally.24 Naturally, other countries and individual U.S. states with more 

favourable policies and economics are seeing higher rates of growth in both energy efficiency and 

distributed PV. Taken together, however, these factors may serve to boost opposition to developing 

prosumer-friendly policies, whether for residential or commercial customers. 

Given the broad similarities between onsite PV and energy efficiency, many of the same regulatory 

strategies that have been pursued to mitigate adverse financial impacts of energy efficiency on utility 

incumbents apply to prosumers as well. These strategies encompass many of the incremental 

approaches to prosumer transition described in RE-PROSUMERS, and as such, apply to residential and 

commercial prosumers alike. To varying degrees, though, unique considerations may exist for 

commercial prosumers, as described in the table below. In some instances, these unique considerations 

suggest more limited applicability to commercial prosumers; for example, policy reforms that regulate 

onsite consumption (e.g. net metering amendments) may have less relevance for commercial 

customers, which often have high rates of self-use and therefore may not rely on such polices as much, 

or at all. Other strategies, in contrast, may be particularly well-suited to commercial prosumers; for 

example, utility ownership of distributed PV assets may work comparatively well with commercial 

customers, where the utility can readily identify opportunities to deploy larger commercial PV systems 

in high-value locations, as an alternative to traditional distribution system investments.  

The Table 6 below provides a summary of policies that enable prosumers or that lay the foundation for 

incremental or structural transition. In each case, the unique considerations for commercial prosumers 

are summarized.  

Table 6 - Summary of the commercial prosumer implications for transition strategies 

Approach Examples Unique Considerations for Commercial 

Prosumers 

Reforming Prosumer 

Compensation 

Mechanisms 

 Restrictions on net metering 

eligibility or roll-over of excess 

generation across billing 

periods 

 Higher rates of self-use may reduce the 

relevance of net metering reforms 

 Utility bill savings may have different tax 

implications for commercial prosumers 

                                                           

23 Following the methodology developed in Barbose et al. (2013), the cumulative impact of energy efficiency programs was 

estimated by summing incremental annual savings over time, as reported in ACEEE’s annual state scorecard report (e.g., Gilleo 

et al., 2014), and assuming a 10-year measure lifetime. 
24 Calculated from data in Kann et al. (2015a). 
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 Buy-all/sell-all arrangements than for residential 

Rate Design Options 

that Support Cost 

Recovery 

 Increased customer charges or 

demand charges 

 Increased standby rates 

 Time-varying volumetric 

pricing 

 Commercial customers may already 

receive service under demand-charge 

rates, and may have the ability to 

manage demand charges using existing 

energy management systems 

 Fixed customer charges for commercial 

customers are typically a much smaller 

fraction of total bill than for residential 

customers 

Ratemaking Reforms 

to Align Prices and 

Costs 

 Revenue decoupling 

 Lost revenue adjustment 

mechanisms 

 More frequent rate cases 

 Revenue impacts from commercial 

prosumers may be less severe due to 

prevailing rate structures 

 Commercial PV may yield greater cost 

savings to the utility associated with 

deferred distribution network upgrades 

Novel Utility Business 

and Regulatory 

Models 

 Utility ownership of customer-

sited PV, earning a return on 

those assets 

 Utility shareholders receive 

performance incentives for 

achieving prosumer growth 

 Larger size of commercial PV systems 

may be more amenable to utility 

ownership and better enable PV 

deployment as a non-wires alternative 

 Utilities can leverage pre-existing 

relationships between account 

managers and commercial customers 

 

2 . 6 .  C O M PA R I N G  C O M M E R C I A L  A N D  R E S I D E N T I A L  
P R O S U M E R  D R I V E R S  

Table 7 below summarizes the implications that each driver discussed in the sections above has for 

commercial prosumer competitiveness compared to residential prosumers. A green circle indicates that 

the driver more positively influences commercial prosumers than residential, whereas a red circle 

indicates that the driver decreases commercial prosumer competitiveness compared to residential 

prosumers. A yellow circle indicates an unclear or mixed trend. As can be seen from the table, it is 

challenging to generalize as to whether current drivers favour commercial prosumers over residential 

prosumers. Just as with residential prosumers, the complexity of the interaction between drivers, 

national conditions, and stakeholders suggests that policymakers need to conduct specific and 

deliberate analysis related to commercial prosumers in order to formulate appropriate market 

strategies. The next section of this report qualitatively and quantitatively examines the current context 

for commercial prosumers in four countries: France, Germany, the UK, and the US.  
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Table 7 - Summary of commercial vs. residential prosumer competitiveness 

Legend Description Comparison of Commercial Prosumer Competitiveness to Residential 

 
PV system 
costs  

PV installed costs are lower 

 

Electricity 
prices and rate 
structure 

 

 Retail electricity rates tend to be lower (in OECD countries) 

 Rate structures have a higher percentage of fixed charges (e.g. demand 
charges) 

 

Onsite 
demand and 
self-use ratio 

 

 Commercial buildings are able to achieve higher self-use ratios because 
their available rooftop area is small compared to their overall load 
and/or because they can optimize their systems size downward to serve 
their minimum daylight demand without a significant economy of scale 
penalty.  

 In many cases, peak demand of commercial buildings matches peak PV 
production time, which contributes to the higher self-use ratio 
compared to residential prosumers 

 
Behavioural 
drivers  

 Commercial return on investment requirements are higher than 
residential 

 Commercial decision making processes are complex and may either 
enable or constrain PV adoption 

 
Technology 
drivers  

In jurisdictions with high demand charges, PV and battery systems 
configured to shave peak can improve the economic case for commercial 
prosumers.  

 
National 
conditions  

 There is significant commercial roof space available for PV development 

 The share of owner-occupied space in the commercial sector is lower 
than in the residential sector 

 
T&D operators 

 

Both residential and commercial prosumers may pose challenges to 
incumbent owners of electricity infrastructure, although commercial PV 
may have a lower negative impact while at the same time creating new 
opportunities for utility business models.   

Incumbent 
generators 
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3  N AT I O N A L  C A S E  S T U D IES  

 

3 . 1 .  C A S E  S T U D Y  S T R U C T U R E  

This section explores the current landscape for commercial prosumers, as well as their potential for 

scaling up in the near term through case studies of commercial building types. We analyse commercial 

prosumers from France, Germany, the UK and the US using both qualitative indicators based on the RE-

PROSUMERS framework and quantitative modelling. Interviews were conducted for each case study 

with commercial PV installers, major adopters of commercial PV, and policymakers to provide high-level 

insights in to the commercial prosumer landscape in each country.25  

Central to each case study is a narrative exploration of the following questions:  

 What is currently occurring in the countries with respect to onsite PV in the commercial sector, and 

what are the primary drivers behind PV prosumers? Are commercial prosumers emerging and what 

are the drivers for this?  

 Where is the outlook for widespread PV prosumers in the near term? 

 Is a “breakout scenario” for commercial prosumers imminent? If not, what conditions and barriers are 

holding back widespread adoption of PV for self-use in the commercial sector? 

                                                           

25 Interviewees are listed in the Acknowledgments section of the report. It should be noted, however, that several interviewees 

wished to remain anonymous.  
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The case studies are structured in two parts: 

 The first part of the case study contains an overall snapshot of PV and commercial prosumer market in 

the country as a whole. The snapshot includes general information on, e.g., economic drivers, national 

conditions, and enabling policies at the national level.  

 The second part of the case study contains an analysis of a specific commercial building type, focusing 

on whether that building is likely to become a prosumer under a range of different scenarios. The 

methodology for how the building types for each country were selected is described in the next 

section.  

3 . 2 .  C A S E  S T U D Y  M E T H O D O L O G Y  

The case studies contained in this section are designed to determine whether or not commercial 

prosumers are emerging in specific countries. In order to do this, building types were screened to 

determine which ones had strong potential to emerge as prosumers. The criteria utilized included, for 

example: 

 Good available roof space, i.e. roofs that are flat with minimal mechanical systems, and that are large 

enough so that PV system size can be reduced downward (if necessary) to better match minimum 

daily demand without encountering significant diseconomies of scale.  

 Relatively steady and large daily load profiles throughout the week and year 

 Common building type within the country 

 Available data from either public or private sources 

As discussed in Section 2, commercial buildings types can be characterized by, e.g., physical qualities of 

the building (e.g. available roof space), building energy use profile, building ownership strategies, and 

occupancy patterns. Appendix B contains quantitative examples of how PV output matches the generic 

load profiles of different building types. The primary goal of this study, however, is not to analyse which 

building types would emerge as prosumers under which conditions. The main body of this study 

focuses intentionally on building types that would be most likely to emerge as prosumers. If these 

buildings are not likely to emerge as prosumers, then it can be concluded that building types with less 

ideal conditions will also not emerge as prosumers. In other words, if the economics do not work for a 

building that is open seven days a week, they will also likely not work for a building that is only open five 

days per week.  

In each country, retail buildings (i.e. “big box stores”) or supermarkets were selected for analysis 

because of their load shapes that align well with PV generation, consistent weekly demand year-

round, and likelihood that the building is owned or has a long lease.26 These types of buildings are also 

prevalent in each of the countries surveyed. In the EU, for example, roughly 28% of all floor space is 

retail or wholesale space (Economidou et al., 2011).  

                                                           

26 Based on interviews with solar installation companies and policymakers and additional research (AREF, 2014; Callanan & 

Thesing, 2014; Melville, 2015). 
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Retail and supermarkets have also been heavily targeted by commercial solar developers and comprise 

a significant proportion of installed commercial capacity in the case study countries (SEIA, 2014b).27  

The table below is based on the prosumer drivers discussed above and contains a series of questions 

that can be posed to determine whether a specific building type is likely to emerge earlier than others 

as a commercial prosumer. The right hand column uses the example of the retail and supermarket 

stores selected for this study to illustrate their advantages.  

Table 8 - Evaluation of Drivers for PV Adoption by Supermarkets and Retail Stores 

Driver Criteria "Big Box Retail" / Supermarkets 

Electricity prices Does the electricity rate for this type of building 

typically have low or no fixed charges / high 

volumetric rates? 

± 

Onsite demand Does the building have a large and steady onsite 

minimum load year-round? 

 

National / technical 

conditions 

Is the building type common within the country?  

Does the building have a large roof?  

Is the building typically owner-occupied? ± 

Is the building owner's strategy to hold the property 

over the long-term?  

± 

If the building is leased, are the leases typically long-

term? 

± 

Behavioural Is the building occupied by a public facing 

corporation / brand that is associated with a 

sustainability target?  

± 

 

Although the characteristics of likely commercial prosumers were found to be similar across the case 

study countries, commercial sector energy data is tracked and published differently by each country. 

Box 4 below summarizes the types of data that was available in each country. Publicly available data was 

utilized to the extent possible in order to allow the analyses to be readily replicable.  

                                                           

27 These findings were confirmed through interviews with representatives from international solar energy installation 

companies, with governments, and with other stakeholders. 
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28 Debate is ongoing in Germany regarding the adjustment of these Standard Load Profiles, as demand patterns have changed 

since the creation of these load profiles before the Energiewende. Actors like the Bundesnetzagentur (Federal Network Agency) 

also suggest making these load profiles more flexible with greater ranges of daily variation in load profile in order to account 

for the increasing shares of variable wind and solar PV and the changing consumption patterns of the growing number of 

prosumers (Stratmann, 2015). 

Box 4. Commercial building types and load profiles 

The definition of “commercial” building differs from country to country, as does the categorization of 

specific types of commercial buildings (Economidou et al., 2011). Some countries may gather data on 

specific types of retail buildings depending on their primary activity, whereas other countries will track 

data at a less granular level (e.g. grouping buildings under the common heading of “retail”). This 

variation extends to how countries track and publish energy data. Some countries publish generic load 

profile data according to building activity, whereas other countries publish only generic building energy 

consumption and usage patterns that are not linked to specific building types. This Box summarizes the 

energy data available for the case study countries. 

 France. Generic building load profiles are not publicly available in France. Actual annual energy usage 

data from a supermarket was used for the French case study (Section 3.3). 

 Germany. Eight standard load profiles are publicly available.28 These generic load profiles provide 15-

minute energy usage data for each building class for typical weekdays, Saturdays, and Sundays in each 

of three seasons (listed in Appendix A – Commercial Building Types). The German case study (Section 

3.4) uses the G4 load profile.  

 United Kingdom. Building types in the UK are categorized by their activities as defined in the Standard 

Industrial Classification (SIC) of Economic Activities, most recently revised in 2007 (UK ONS, 2009). The 

definition of commercial buildings used by the Department of Energy & Climate Change (DECC) in the 

annual Digest of United Kingdom Energy Statistics (DUKES) is based on the SIC categorizations (UK 

DECC, 2015a). Similar to Germany, Ofgem uses eight different Profile Classes in electricity market 

settlement, defined loosely by industry (also including domestic buildings), as well as by peak load 

factor. These generic building load profiles provide half-hourly energy usage data for each Profile Class 

for a typical weekday, Saturday, and Sunday in each of five seasons (listed in Appendix A – Commercial 

Building Types). The UK case study (Section 3.5) uses load Profile Class 7. 

 United States. The U.S. Energy Information Administration conducts the Commercial Buildings Energy 

Consumption Survey (CBECS), a national sample survey that collects information on the U.S. 

commercial building stock, including energy-related physical characteristics and usage data, as well as 

other physical and non-physical characteristics. The 14 building types are categorized by principal 

activity rather than by any physical or energy-related characteristics (US EIA, 2015a). The U.S. 

Department of Energy has created a set of commercial reference building models. The 16 building 

types are categorized by physical characteristics and represent 70% of the commercial buildings in the 

U.S. (Deru et al., 2011). Theoretical hourly load profiles for each building model for an entire year are 

available for hundreds of locations across the U.S. The differences in building type categorization 

between the CBECS and DOE Reference Models are significant (e.g. multifamily buildings are 

considered commercial buildings in DOE and not in CBECS, CBECs building types include public 

buildings) and are detailed in Appendix A – Commercial Building Types . The U.S. case study (Section 

3.6) uses the DOE Reference Model for “stand-alone retail.” 
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In order to analyse the likelihood of PV adoption, a spreadsheet model of each building’s hourly energy 

use for a full year was developed, using a mix of generic hourly electricity load data and load profiles (or 

actual hourly building data) from each country and NREL’s PVWatts PV output model. Building energy 

usage graphs (e.g., Figure 10) were generated from this data, as well as analyses of the economic case 

for self-use of PV for each case study building. Scenarios based on changes in PV incentives, utility rate 

structures, and PV installed costs and electricity rates were also modelled for their impacts on the 

economic viability of self-use. The specific assumptions for each country and building type are described 

in detail in the case studies. 29   

Figure 10- Summary of commercial v. residential prosumer competitiveness 

 

  

                                                           

29 For the financial analyses conducted in this study, the effects of taxes (e.g. VAT) on system components and on retail 
electricity price were included. However, the potential income tax impacts from the sale of electricity (or other commodities) 
and/or reduced operating costs were omitted since corporate tax structures vary significantly within each of the countries 
analysed. 

 

 

 

 

 

 

 

This graph shows the U.S. case study building’s energy usage and grid export (blue line going above 

the zero line) during a week in July, modeled with U.S. DOE reference building hourly load data and 

hourly PV output from PVWatts. 
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3 . 3 .  F R A N C E  

National Snapshot  

 5.6 GW of total capacity was installed in France as of end-2014, of which roughly 29% (1.6 GW) was 

installed within the commercial size bracket 100 – 250kW (MEDDE, 2015a).  

 The PV market in France is growing rapidly, with 927 MW installed in 2014, an increase of 45% from 

2013 (MEDDE, 2015a). 

 5.9 TWh was generated by all PV in 2014 (27% increase from 2013), accounting for 1.3% of total 

electricity consumed in France in 2014 (RTE, 2015b). 

 Due to low commercial electricity rates, the commercial solar PV market is primarily driven by the 

feed-in tariff offered for systems sized from 36 kW-100 kW or the simplified auction process for 

systems from 100 kW-250kW rather than by self-use. 

France’s solar PV market lagged behind those of 

neighbouring Germany in previous years. After a 

couple years of declining growth, the market 

accelerated again in 2014, registering 927 MW of 

new PV capacity.  

 

 

3.3.1. Economic Drivers 

 PV System Costs. The average installed cost of a 100 kW-250 kW system ranged from €1.80 – 

€2.00/Wdc in 2013, while ground mounted systems of 2 MW or larger were as low as €1.40/Wdc 

(ADEME, 2014).  

 Retail electricity rates. Commercial retail electricity rates are relatively low in France relative to other 

countries in the EU with average rates ranging from €0.10/kWh to €0.11/kWh in 2014 with taxes—

25% lower than the EU average (MEDDE, 2014a). This notwithstanding, commercial electricity rates 

have increased at a rate of between 2% and 6% per year since 2008 (CRE, 2014) and are projected to 

rise further starting January 2016, as commercial tariffs will no longer be strictly regulated as they 

have been in the past (see below). 

Figure 11. Installed capacity (MW) by project size 

(MEDDE, 2015a) 
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France’s electricity system is dominated by EDF which owns and operates over 90% of total generation 

in continental France. EDF Énergies Nouvelles, which is responsible for the group’s activities in the 

renewable energy industry (MEDDE, 2015b). RTE operates the high voltage transmission system, while 

ERDF operates the low and medium voltage system. However, legislation at the European level has 

sought to increase competition within Member States’ electricity markets in recent years, which has led 

to a series of moves to further open the market to new actors (Directive 2009/72/EC). 

 Insolation. Average daily insolation (GHI) ranges from 4.82 kWh/m2/day in the southern part of the 

country to 3.22 kWh/m2/day in the north (CESC, 2015). Capacity factors average 14% across the 

country (RTE, 2015b). 

3.3.2. National Conditions 

 Roof space. The total rooftop space suitable for PV in France is estimated at 300 km2 (ADEME, 2011). 

Based on this available rooftop potential, ADEME has estimated the total technical rooftop PV 

potential at 120 GW (ADEME 2015), of which approximately 10-15% would represent commercial 

rooftop space. 

 National electricity demand. Annual electricity demand is projected in the national transmission 

operator’s reference scenario to grow by 0.3% annually from 2013-2019. Annual growth in winter 

peak demand is projected to also grow by 0.3% annually from 2013-2019 (RTE, 2015a). 

3.3.3. Enabling and constraining policies 

 National incentives. France has different feed-in policies based on the PV system size. Systems under 

100 kW can access a feed-in tariff, which in Q2 2015 paid 13,95 € cents/kWh for roof-mounted 

systems up to 36 kW and 13,25 € cents/kWh for systems between 36 kW and 100 kW. For systems 

between 100 and 500 kW, France has developed a competitive tendering system. 

Consequently, commercial-scale rooftop systems between 100 kW and 250 kW can participate in a 

simplified auction scheme. This procurement mechanism consists of a call for tenders put out by the 

government three times per year with a clearly defined set of pre-qualification requirements. The 

average price of the winning bid in this size category was just over 15 € cents/kWh in late 2014 

(MEDDE, 2015c). 

 Weak economies on self-use. The economic case for self-use remains weak, as the simplified auction 

scheme and feed-in incentive have historically provided higher payments per kWh than the avoided 

commercial tariffs. As a result, commercial customers wishing to consume their own power onsite 

have opted to remain behind the meter and to size their systems to ensure that all PV output can be 

consumed directly onsite.  

 Regulated electricity tariffs. Until recently, all commercial tariffs have been regulated by the 

government on an annual basis. As of 1 January 2016, all commercial customers (defined as electricity 

customers who are connected at a voltage level between 36kVA and 250kVA) will be required to move 

to a new market-based tariff. 

 Calls for Proposals for pilot projects. Various regional offices of ADEME have begun to issue calls for 

proposals to solicit bids for commercial-scale PV projects configured for self-use, while offering 

winning projects with limited subsidies. One such offer for Poitou-Charentes, a region in western 

France, issued a tender in late 2014 that provided a subsidy of up to €0.40/Wdc of installed capacity, 

up to a total amount of €50,000 (or a project size of 125kW).  
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Winning proponents were able to benefit from support for feasibility studies of up to 70% of feasibility 

costs, capped at €7,000 per project. The criteria for participating in the bid included that projects had 

to be between 10kW and 250kW in size, they had to consume more than 50% of the PV system’s total 

output (minimum self-use ratio), and the system’s output had to represent 10% or more of the 

company’s total electricity consumption in a given year (minimum self-coverage ratio) (ADEME Poitou-

Charentes, 2015). A number of other regions of France have launched similar calls for tender, mostly 

across southern France, in order to develop a set of commercial prosumer pilot projects.  

Recognizing the need for adjustments to the current policy and regulatory framework for prosumers, 

the Direction générale de l’énergie et du climat (DGEC), has established a Working Group and launched 

a series of stakeholder discussions in an attempt to develop a suitable framework for self-use that 

would encompass both residential and commercial prosumers. Despite publishing a landmark report on 

the topic of prosumers in December 2014 (MEDDE, 2014b), it remains unclear what the final framework 

for prosumers will be as the rules that will eventually apply to the sector are still being actively debated. 

The continued availability and commercial attractiveness of both the FIT and the simplified auction for 

PV development, both of which provide for a higher return on investment than self-use under current 

market conditions, means that commercial customers are likely to continue to choose the full export 

option for now.  

Under current market conditions, one or a combination of the following factors is likely to be required 

before France sees a substantial scale-up in commercial-scale, prosumer-driven PV: 1) further decline 

in solar PV prices and installed costs (e.g. via soft cost reduction), 2) significant improvements in 

demand side management, including demand response, 3) a considerable drop in battery prices to 

improve energy management and reduce reliance on the grid, 4) a sustained increase in commercial 

electricity tariffs, or 5) the introduction of new rules to encourage and better govern the emergence of 

prosumers, such as a premium tariff for excess electricity exported to the grid. For the time being, a 

significant scale-up of commercial prosumers appears to be a few years off.   
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30 Building characteristics and hourly energy usage data are drawn from an actual supermarket’s annual electricity 

consumption, provided by Groupe Casino.  
31 Standard module, fixed roof mount, 14% system losses, 20° tilt, 180° azimuth, 1.1 DC to AC size ratio, 96% inverter  

efficiency, 0.5% annual degradation factor 
32 2.5% annual electricity rate escalator projected by Commission de regulation de l’énergie; 10% discount rate; power factor of 

0.9 assumed for rate modelling 

Case Study  

A supermarket was selected for the France case study. Large-scale supermarket chains are well-suited 

for the installation of onsite PV in France: they typically have large rooftop surface areas, relatively high 

baseload electricity demand due to significant onsite cooling needs, and in many cases, additional 

surrounding space such as on car ports or shading structures, significantly expanding the available 

surface area that can be fitted with PV systems. Moreover, in the case of chain supermarket stores, the 

buildings are often owned by the chain itself, which facilitates the decision-making process and avoids 

any conflict between tenant and owner. Additionally, supermarkets generally remain in business in the 

same location for a relatively long period of time in a given area, increasing the willingness of building 

owners to invest in generation assets on the premises. Supermarkets in France are generally open from 

8:00 to 22:00 and frequently close overnight, which corresponds relatively well with daytime PV 

output, enabling a strong correlation between daytime demand and onsite supply. With high building 

loads, supermarkets are able to consume the vast majority (if not all) of onsite PV generation. 

Building Characteristics30  
  

 

 

 

 

 

 

 

Source: Alexis FRESPUECH - AF STUDIO 

1,600 m2 supermarket port roof space  

1 floor, flat roof with 60-90% of roof 

available for PV  

Marseille, France 

4.82 kWh/m2/day average annual 

insolation 

 

Electricity Use Profile PV Installation 

1,279,321 kWh annual electricity 

consumption 

277 kW peak demand (March) 

EDF Yellow Tariff (UL): demand charge, 

flat distribution charge with five time-of-

use rates 

10.5 € cents/kWh average electricity 

Cost 

140 kW standard, fixed roof mount system31 

€1.80/Wdc installed costs 

Incentives: Accelerated depreciation (12 months), 

simplified auction scheme  

Owned by the consumer 

Energy Use Profile with PV  Energy Costs32  

15.1% self-sufficiency: 193,177 kWh 

annual PV generation 

99.8% self-use 

 

  Year 1 20 year (cumulative) 

Without PV €129,962 €3,532,790 

With PV €112,288 €2,901,990 

Net Present Value -€7,826 

IRR 9.6% 
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3.3.4. Economic Drivers  

 PV System Costs. PV system costs are estimated at the lower end of the average price range for 100 

kW-250 kW systems from 2013 (i.e. €1.80/Wdc) (ADEME, 2014). 

 Retail electricity rates. In addition to the fixed connection charge (€/kVA), taxes and fees are also 

included in the fixed commercial rate components such as the contribution to distribution charge 

(CTA) and VAT (TVA). Reducing per-kWh consumption will not reduce the fees included in these fixed 

components of the commercial rate. As of 2015, commercial electricity customers located in mainland 

France with a grid tie between 42kVA and 240kVA have two options: the base tariff (the ‘yellow tariff’, 

see Table 9) and a new option (which is currently being phased in) that will be based on market prices 

(Pinon, 2015). The supermarket selected for the case study operates in EDF’s territory where it uses 

the “Utilisation Longues” version of the Yellow Tariff.  

Table 9 - EDF Commercial Rate Structures until end of 2015 

Source: Tarifs réglementés 2015, http://www.tarifsreglementes.com/tarifs-reglementes/electricite/jaune  

The costs of commercial electricity supply in France are broken down into roughly 37% generation costs 

(representing the tariff above), 33% distribution costs, and 30% taxes and fees.A new market-based rate 

has replaced the above tariff at the end of 2015, though it is currently unclear how generation charges 

will change in a deregulated market.  

The latest forecast from the national regulator (CRE) anticipates rate increases of 2.5% per year for 

commercial customers. 

EDF Commercial Rate Structures until end of 2015 

Rate Type Description 

Tariff Structure and Pricing 

Fixed 

Componen

t 

(€/kVA) 

Winter Summer 

Peak  

(€ ¢/kWh) 

Full 

 (€ ¢/kWh) 

Off-Peak 

(€ ¢/kWh) 

Peak  

(€ ¢/kWh) 

Off-Peak (€ 

¢/kWh) 

Base Tariff 

(‘Yellow 

Tariff’) 

Utilisations 

Longues 

(UL) 

Includes both 

generation and 

distribution charges in 

a bundled tariff order, 

regulated by the 

government 

 

UL intended for 

customers using >2000 

hours/year at 

subscribed max power 

38.64 9.295 9.295 6.692 4.871 3.365 

Utilisations 

Moyennes 

(UM) 

35.28 9.696 6.956 6.956 4.883 3.378 

http://www.tarifsreglementes.com/tarifs-reglementes/electricite/jaune
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 Self-use Ratio. Assuming the case study 

building opts to consume all electricity 

generated by the PV system (which is not 

the case in the actual building the data is 

drawn from, see “Enabling and 

Constraining Policies” below for more 

details), the case study supermarket would 

be able to self-consume 99.8% of all 

electricity generated by the 140 kW system. 

Supermarkets have a relatively smooth 

electricity demand profile characterized by 

a relatively high stable baseload of 

demand.  

The relatively high base demand is due 

primarily to lighting and cold storage needs. 

As shown in Figure 12, peak PV generation 

around 12:00-13:00 roughly coincides with 

the peak in electricity demand in the average supermarket. 

As a result, supermarkets in France – especially in the South and on the islands – can often consume 

over 90% of their onsite generation, resulting in a self-sufficiency ratio of between 15% and 40%, 

depending on system size and configuration, according to representatives from Groupe Casino.  

The onsite electricity demand is more than sufficient to absorb 100% of onsite PV output during the 

week. However, due to shorter opening hours on Saturday, and statutory closure on Sundays for most 

supermarkets, solar PV systems on supermarkets in France can be expected to inject power into the 

system more regularly on the weekends, and most notably on Sundays and on public holidays. This 

presents a challenge under current market rules, which do not allow systems configured for self-use to 

export their surplus to the grid. As a result, the PV system in the case study was downsized in order to 

maximize self-use. Figure 13 portrays a week in July when PV out is at its annual peak while the 

building’s usage is comparatively low. 

  

Figure 12 - Daily Electricity Usage of the case study 
Supermarket with PV generation (weekday in July) 
(based on data from actual supermarket electricity 
consumption provided by Groupe Casino) 
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3.3.5. Behavioural Drivers 

 The commercial buildings most likely 

to adopt PV in France are large chains 

that have an extensive portfolio of 

buildings they own (or have control 

over through a long-term lease) and 

reliable access to finance. This is 

reflected in one of the most active 

adopters of commercial PV in France, 

the Groupe Casino, which has 14,000 

store locations in France and currently 

boasts over 100 MW of installed PV 

capacity spread over 45 different 

store locations.  

 

3.3.6. National Conditions 

 Share of rental property. Large chains 

such as Groupe Casino are more likely to own the occupied building, and therefore are in a better 

position to invest directly in onsite PV. Supermarket chains with large numbers of buildings in their 

portfolio can work with PV developers or other third-party contractors to negotiate lower installed 

costs across their portfolios, and to deal with the paperwork and permitting procedures related to 

exporting power back to the grid. This is the case with the Groupe Casino, which has signed with a 

subsidiary to act as an energy performance contractor in order to invest both in energy efficiency 

measures as well as in solar PV systems at select locations (Groupe Casino, 2015).  

 Expanded rooftop space via solarized carports: A growing number of supermarkets in France 

(particularly in the south of the country) have begun to add solar PV onto carports that provide shade 

to vehicles in the adjoining parking lot. This can significantly expand the available space for solar PV, 

and increase the total share of a building’s needs that can be supplied with onsite PV. Some locations 

are beginning to connect these to EV charging infrastructure, enabling EV owners to connect and 

recharge onsite. A special call for tender segment for carports has been established so that they do 

not compete with other types of installations. 

3.3.7. Enabling and constraining policies 

 Low value of self-use. As presented above, France has some of the lowest commercial electricity rates 

in Europe. Under current market rules, installed costs, and commercial electricity rates, it remains 

more economically attractive for commercial-scale customers to participate in France’s FIT and 

auction schemes rather than consume their own power onsite. In fact, the PV systems on Groupe 

Casino’s buildings in France are configured to benefit from either the simplified auction scheme (for 

systems 100-250kW) or the feed-in tariff, both of which provide a fixed purchase price for 100% of 

system output, rather than for self-use. According to Green Yellow, the special division within Groupe 

Casino responsible for overseeing the company’s energy and environmental performance, the 

economics of configuring PV systems for self-use in France remain weak mainly due to the 

comparatively low commercial electricity rates. 

Figure 13 - Weekly Electricity Usage of the case study 
Supermarket with PV generation (week in July) (based on 
data from actual supermarket electricity consumption 
provided by Groupe Casino) 
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3.3.8. Potential for commercial prosumers in France 

Dependence on feed-in incentives, uncertainty in future electricity rates. The economics of the French 

case study building PV installation in different scenarios (see Table below) details a number of scenarios 

and their effects on the economic viability of the case study building’s PV installation. As buildings in 

France tend to export all its PV generation to the grid through feed-in tariffs or auction tendering (due 

to better economics than self-consumption), the system economics for a system configured and sized 

for 100% exporting via the simplified auction scheme have also been modelled. Two scenarios assuming 

lower installed costs and higher future electricity prices have also been modelled. 

Table 10 - The economics of the French case study building PV installation in different scenarios33 

With the upcoming transition to market-based electricity pricing for commercial customers in France, 

combined with other changes to solar PV and battery storage markets, it is possible that it will become 

more attractive for commercial customers to adopt behind-the-meter PV in order to supply a portion of 

their onsite electricity demand in the years ahead, as suggested by the improved self-use economics in 

the higher rate scenario. In the near term, however, the market development of commercial prosumers 

is likely to remain limited in the absence of further policy or market changes. 

Minimal prospects for self-sufficiency. Supplying a large percentage of a supermarket’s electricity use is 

unlikely to be possible, even in the sunnier regions of France. This mainly reflects the imperfect 

correspondence between PV output and onsite load, the persistence of a relatively high overnight 

baseline load due to cooling and residual lighting needs, and the significant seasonal variation in PV 

output. Even with a high share of self-use (e.g. over 90%), the total self-sufficiency ratio in France is 

estimated to hit a ceiling around 35-40%. This calculation assumes that overall onsite energy needs do 

not change substantially, for instance from improvements in energy efficiency or reduction in energy-

intensive appliances (e.g. refrigeration units). In most cases, even with considerable battery storage, it 

would be difficult if not impossible to fully meet onsite energy needs, due primarily to the limits 

imposed by the available roof space.  

                                                           

33 Financial analysis assumes a 10% discount rate, no difference in financing costs between options, and ability to benefit from 

tax depreciation with an assumed 33% effective tax rate; simplified auction rate assumed at €0.15/kWh with a 0.5% annual 

increase for inflation. 
34 Financial analysis assumes a 10% discount rate, no difference in financing costs between options, and ability to benefit from 

tax depreciation with an assumed 33% effective tax rate; simplified auction rate assumed at €0.15/kWh with a 0.5% annual 

increase for inflation. 

The economics of the French case study building PV installation in different scenarios34 

 Case Study (Self-

use) 

Simplified 

auction 

Self-use with 3.5% 

rate escalator 

€1.40/Wdc installed 

costs (self-use) 

Net present value -$7,826 $1,246 $37,200 $42,574 

Simple payback  9.3 years 7.5 years 8.0 years 7.1 years 

IRR 9.6% 10.1% 11.9% 12.9% 
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In the sunnier regions of the country, systems that make use of solarized car ports or shading structures 

in the parking area and combine their systems with onsite storage capacity and better load-

management practices may be able to come closer to self-sufficiency, at least during the spring and 

summer months when insolation levels are higher. In order for this to be a viable solution for a wide 

portfolio of supermarkets, however, the economics will have to further improve as battery costs decline, 

commercial electricity tariffs increase, onsite energy efficiency improves, and energy management 

systems better coordinate between onsite loads and the available solar PV supply. 
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3 . 4 .  G E R M A N Y  

National Snapshot  

 Up to 27.1 GW of commercial PV was installed as of end of 2014, accounting for up to 70% of total 

cumulative installed capacity (38.5 GW) (BNetzA, 2014). 

 35.2 TWh was generated by PV in 2014, accounting for 6.9% of total electricity generated in the country 

(Wirth, 2015). PV generation can now provide up to 35% of demand during peak hours. 

 Due to the reduction in feed-in tariff rates and imposition of new taxes, new PV installations declined by 

40% from 2013 to 2014 (Clover, 2015a), with most of the decline occurring in the commercial-scale 

rooftop industry (Körnig, 2015). 

After years of record growth, new installations in 

the world’s largest solar market are expected to 

continue to decline. After installing more than 7 GW 

annually from 2010-12, Germany installed 3.14 GW 

in 2013 and only 1.89 GW in 2014 (Clover, 2015a). 

Growth rates have declined by over 46% in the 

10kW-100kW size range (Körnig, 2015). The 

Transmission System Operators are estimating that 

1.7 to 2 GW of new capacity will be installed 

annually from 2015-2019 (Gerke, 2014). 

Policymakers are now targeting short term annual 

market growth of 2.5 GW per year, including 2.1 GW 

of roof-mounted PV (BMWi, 2014). 

 

3.4.1. Economic Drivers 

 PV System Costs. The average commercial installed costs in Germany was approximately €1.20/Wdc in 

2014 (Willborn et al., 2014), with some developers quoting prices around €1.00/Wdc in 2015. 

 Retail electricity rates. Rate structures have a major impact on the economic viability of PV in 

Germany. The average commercial electricity rate in Germany was 15,37 € cents/kWh in 2014 (BDEW, 

2014). Electricity prices paid by German industrial consumers, however, vary considerably.35 Large-

scale consumers, for example, are exempt from paying the EEG surcharge36, which was 6.17 € 

cent/kWh in 2015. The level of EEG surcharge reduction or exemption depends on amount of 

electricity consumed. In addition, electricity costs have to make up a certain share of the company’s 

gross value added and be subject to international competition. Exemptions start at an annual 

consumption of 1 GWh and electricity costs amounting to at least 14% of the gross value added (10% 

of EEG surcharge). Consumers with an electricity consumption ranging from 10 to 100 GWh only have 

to pay 1% of the EEG surcharge.  

                                                           

35 Germany’s electricity supply market is liberalized and transmission is unbundled from generation. Consumers can select 

between more than 9000 retail suppliers. However, 67% of power generation was delivered by the “Big Four” (RWE, EnBW, 

E.ON, and Vattenfall), although they have very limited shares in the solar PV market (Appunn & Russell, 2015).  
36 Passed in 2000, the Erneuerbare Energien Gesetz (EEG, or Renewable Energy Act) levies a surcharge on most electricity 

consumers to support the feed-in tariff for renewable energy. 

Figure 14. Decline in new installed PV capacity in 

Germany from 2013-2014 (Körnig, 2015) 
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Companies with annual electricity demand exceeding 100 GWh per annum only have to pay 0.05 € 

cent/kWh. In 2014, 106 TWh, or 20% of total electricity consumption, was exempted from the full EEG 

surcharge (approx. 2000 companies) (Graichen, 2014). Given these exemptions, the strongest 

potential for commercial prosumers is among entities that have to pay the full EEG surcharge (as well 

as other taxes and surcharges). 

 Insolation. Average daily insolation ranges from 3.42 kWh/m2/day in Munich to 2.91 kWh/m2/day in 

Hamburg (CESC, 2015). 

3.4.2. National Conditions 

 Roof space. The estimated PV technical potential of all remaining rooftops in Germany is 75 GW 

(BMWi, 2015b).  

 National electricity demand. Annual electricity demand declined by 4% from 2013 to 2014 (BDEW, 

2014). Electricity demand is expected to continue to decline if Germany complies with its energy 

efficiency targets. 

 History of self-use. Germany has a long history of self-use of fossil-fuel based electricity generation. 

About 10% of total electricity demand is met by industrial self-use, primarily derived from combined 

heat-and-power plants (CHP). 

3.4.3. Enabling and constraining policies 

 National incentives. Germany’s feed-in tariff is the primary solar PV incentive, providing fixed 

payments for electricity exported to the grid until the national target of 52 GW of installed capacity is 

attained. The tariff payments are set to decline automatically on a monthly basis. However, the tariff 

degression was faster than the actual decline in system costs in past years, in part because of an 

import tax on Chinese PV modules and in part because the rate of degression was too high. As a 

result, the FIT payments are now below the levelised cost of electricity from solar and below the retail 

electricity price in Germany (BMWi, 2015b), driving PV producers to rely on self-use for PV system 

economics. 

 The end of full EEG exemption. Until 2014, prosumers were able to avoid the EEG surcharge entirely 

on all self-consumed renewable energy, adding a significant financial incentive to self-use and solar 

uptake in this market. However, the government passed new regulations in 2014 forcing prosumers to 

pay 30% of the EEG surcharge, rising to 35% in 2016 and 40% in 2017.37 As a result, system payback 

periods for commercial and industrial consumers increased significantly, in some cases to 15 years or 

more (Körnig, 2015). 

Germany has the highest installed PV capacity in the world, which has significant impacts on 

conventional utilities. However, with high expectations for returns on investment (e.g. high IRR and 

short payback periods), regulatory risk from potential future changes in treatment of self-use, and 

considerations related to building ownership, commercial prosumers still face important barriers 

despite having achieved socket parity.  

  

                                                           

37 Small-scale residential systems (up to 10kW) are exempt from this regulation. 
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Case Study  

Supermarkets owned by major national chains are good candidates for commercial solar, with large and 

almost flat roofs that enable large installations. Due to steady refrigeration needs, the energy use 

profiles enable the majority of generation to be consumed onsite. In this case study, an average size 

supermarket has been selected. While hypermarket-sized grocery stores exist in Germany, the majority 

of stores are smaller supermarkets or discounters (Herrmann et al., 2009), which are typically around 

1000 m2 or less (KPMG, 2011). 

Building Characteristics  

 
Photo: © ALDI SÜD  

1000 m2 supermarket 

1 floor, flat roof with 60-80% of roof 

available for PV (estimate)  

Munich, Germany 

3.42 kWh/m2/day average annual 

insolation 

 

Energy Use Profile38 PV Installation 

254,000 kWh annual energy consumption 

59.7 kW peak demand 

18.1 cents/kWh average retail electricity 

cost (incl. VAT) 

95kW standard, fixed roof mount system39 

€1.20/Wdc installed costs 

Incentives: Feed-in tariff  

Owned by the consumer 

Energy Use Profile with PV  Energy Costs40 

32.3% self-sufficiency: 82,042 kWh annual 

PV generation 

87.1% self-use: 82,168 kWh consumed 

onsite, 12,131 kWh fed into grid 

  Year 1 20 year (cumulative) 

Without PV $45,958 $1,223,054 

With PV $30,395 $832,957 

Net Present 

Value 
$11,368 

IRR 11.2% 

 

  

                                                           

38 Energy load profile derived from a national BDEW commercial standard load profile; energy usage and building type derived 

from Willborn et al. (2014) supermarket case study 
39 Standard module, fixed roof mount, 14% system losses, 20° tilt, 180° azimuth, 1.1 DC to AC size ratio, 96% inverter  

Efficiency, 0.5% annual degradation factor 
40 2.3% annual electricity rate escalator (ZSW 2014), 10% discount rate 
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3.4.4. Economic Drivers  

 PV System Costs. PV system costs are estimated for the case study building at €1.20/Wdc. 

 Retail electricity rates. Figure 15 shows 

a breakdown of electricity bill 

components of two typical commercial 

and industrial consumers. The first 

consumer pays all taxes and levies and 

the second, more energy-intensive 

consumer qualifies for all available 

exemptions. The ultimate electricity 

rates paid by the two consumers differ 

almost by a factor of two, the largest 

exemption being related to the EEG 

surcharge exemption. Due to their 

relatively smaller power consumption, 

small mid-sized supermarkets—like the 

case study supermarket—are not 

typically exempt from any tariff 

component. 

As a result, the case study building’s 

retail electricity rate is estimated at 

18.1 € cents/kWh (including VAT). 

 Self-Use Ratio. The case study supermarket is able to self-consume 87.1% of all electricity generated 

by the 95 kW system. As in the other case studies, supermarkets in Germany have a relatively smooth 

electricity demand profile with peaks during the daytime and a high baseload due to lighting and 

refrigeration. As a result, most electricity generated, even during peak summer months (Figure 16), 

can be consumed onsite. Most electricity exported to the grid occurs on Sundays (Figure 17), where 

supermarkets across the country are almost always closed while PV generation continues. 

Figure 15 - Components of commercial/industrial 
electricity bill in Germany (€ cents/kWh) (BNetzA, 2014) 
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 Access to finance. Most PV systems in Germany are still financed via standard project finance. Due to 

a very stable regulatory framework 

based on feed-in tariffs for all project 

sizes, finance was relatively easy and 

straightforward for the past two decades. 

The share of debt depends on the project 

size (Table 11). New business and finance 

models are only currently being 

developed in Germany, based on self-

use, direct delivery of solar PV without 

using the public grid, and regional 

electricity sales (Grundner et al., 2014). 

3.4.5. Behavioural Drivers 

 As in other countries, business leaders in Germany need to justify investments in distributed 

generation and not the core business. As such, energy investments typically need to have high IRRs 

and shorter payback periods in order to be justifiable from an economic standpoint.  

Figure 16 - Daily Electricity Usage of the case 
study Supermarket with PV generation (weekday 
in July) 

 

Figure 17 - Weekly Electricity Usage of the case 
study Supermarket with PV generation (week in 
July) 

 

Table 11 - Typical financing terms for solar installations in 

Germany (ZSW, 2014)  
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3.4.6. National Conditions 

 Share of rental property. There are no readily available statistics regarding the ownership of 

supermarkets in Germany. Leased properties attempting to engage in PV self-use may be 

disadvantaged under the 2014 EEG surcharge amendments. As discussed above, the EEG surcharge is 

now applied to a portion of onsite consumption. This partial application of the surcharge, however, 

applies only to circumstances under which the prosumer owns the PV system. If a third-party owner 

sells power to a building occupant for the purposes of self-use (e.g. a landlord who owns PV on the 

rooftop selling power to the tenant) then the EEG surcharge is assessed on all of the PV generation 

consumed onsite.41 

3.4.7. Enabling and Constraining Policies 

 Reduced value of self-use and policy uncertainty. As discussed above, the removal of the full EEG 

exemption for self-consumed renewable energy has significantly reduced the economic viability of 

self-use. Self-consumed electricity is still exempt from other retail price components (e.g. parts of 

network tariffs, electricity tax, surcharge for CHP support, concessional fee, and the surcharge for 

offshore wind liability). Uncertainty regarding how self-consumed electricity will be treated in the 

future with regards to issues such as surcharges, the development of new network tariff 

methodologies, and the design of future electricity markets (i.e. “European electricity market” versus 

“decentrally organized markets based on distributed generation”) have made some businesses 

hesitant to invest in PV. 

3.4.8. Potential for commercial prosumers in Germany 

In 2012, the LCOE of commercial-scale solar PV projects in Germany reached socket parity with the 

commercial electricity prices (Fraunhofer ISE, 2015; Wirth, 2015) (Figure 18).  

                                                           

41 There is anecdotal evidence that Aldi – one of the largest low-budget supermarket chains in Germany – owns most of the 

buildings in Germany where as in the northern part of the country the buildings are owned by third parties. This would partially 

explain why most solar PV systems are installed on Aldi rooftops in the southern part of the country. 
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Figure 18- Summary of commercial v. residential prosumer competitiveness 

Since retail prices alone were attractive of PV system development, PV market actors attempted to 

increase the awareness among commercial customers regarding the potential benefits of self-use and 

published a series of studies on project economics (REC, 2013; Solarpraxis, 2013). Although there are no 

official data regarding the actual share and development of self-use in the commercial sector in those 

years (Bardt et al., 2014), interviews with project developers reveal that the project pipeline started to 

build. 

The policy changes introduced in 2014, however, have eroded commercial PV system economics and 

have resulted in market growth that has been below projections (e.g., R2B, 2013). Table 12 details a 

number of scenarios and their effects on the economic viability of the case study building’s PV 

installation. As highlighted below, the change in the EEG surcharge had a significant effect on the PV 

system’s economics. Further changes to the EEG surcharge or other retail electricity price components, 

as well as the expiration of the feed-in tariff (after 52 GW are installed) would further reduce system 

economics, to the point that a drop in installed costs to €1.00/Wdc would still result in significantly lower 

economic viability.  
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Table 12 - The economics of the German case study building PV installation in different scenarios42 

 

It is projected that the number of commercial PV systems designed for self-use will actually decrease 

through 2019 as Germany focuses on auctions for free-standing systems (Leipziger Institut für Energie, 

2014). Without the 2014 policy amendments, the number of commercial prosumer projects might have 

increased considerably. Commercial PV prosumers could revive again in the future, assuming that the 

LCOE of solar PV will decrease further. 

However, investors are increasingly sensitive to regulatory risk. In 2015, the discussion on changing the 

methodology for network tariffs (e.g., BMWi, 2015a) is making it difficult to forecast long-term revenue 

streams from self-use because certain price components of the retail electricity price might change 

again. In addition, strong lobby organizations in the German electricity industry, such as the BDEW, had 

previously argued that prosumers should pay 100% of the EEG surcharge – and not only 30-40%, as 

implemented in 2014. Therefore, this regulation could also change in the future.  

The latest German progress report for PV, commissioned by the Ministry of Economic Affairs and Energy, 

depicts three different scenarios for the evolution of self-use of electricity in the commercial sector43, 

highlighting the importance of policy frameworks. In Scenario 3, without any direct or indirect support 

via exemption from certain surcharges and taxes, self-use of solar PV (and CHP) is not economically 

viable in Germany in the coming years (Bardt et al., 2014; ZSW, 2014).  

  

                                                           

42 Financial analysis assumes a 10% discount rate, no difference in financing costs between options, and ability to benefit from 

tax depreciation with an assumed 33% effective tax rate; simplified auction rate assumed at €0.15/kWh with a 0.5% annual 

increase for inflation. 
43 The analysis also included other power generation technologies next to solar PV, such as distributed CHP plants, thermal 

storage.  

 Case Study (40% 
EEG Surcharge) 

No EEG Surcharge 100% EEG 
Surcharge 

Full EEG Surcharge, 
No Feed-in tariff 
€1.00/Wdc 
installed 

Net present value €11,368 €37,949 -€28,502 -€15,662 

Simple payback  7.7 years 6.7 years 12.0 years 11.4 years 

IRR 11.2% 13.8% 6.9% 8.0 
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3 . 5 .  U N I T E D  K I N G D O M  

 

3.5.1. Economic Drivers 

 PV System Costs. The average installed cost for 10-50 kW systems accredited under the MCS Feed-in 

Tariff from April 2014 to March 2015 was $2.12/kW (UK DECC, 2015e). 

 Retail electricity rates. The national average commercial electricity price in Q4 2014 was $0.16/kWh, 

including the Climate Change Levy (UK DECC, 2015c). The UK has over 18 electricity suppliers, though 

90% of utility customers are supplied by the “Big Six” (Smithers, 2013). Distribution is handled by 

seven distribution network operators while the national transmission network is owned and operated 

solely by National Grid (2015b).  

                                                           

44 While official government figures from the Department of Energy and Climate Change track the size of and utilized incentives 

of installed PV systems, it is unclear whether installations are residential or commercial. This estimate broadly assumes that all 

non-standalone installations are under ROO-FIT, all non-ground-mounted installations under the Renewables Obligation, and all 

MCS-FIT installations of 10 kW-50 kW are commercial. Removing all MCS-FIT installations from the estimate yields 790 MW, 

16% of total capacity. 
45 PV systems categorized as “Renewables Obligation ground-mounted” and “Other unaccredited >5 MW” are included in this 

figure. 

National Snapshot  

 Up to 1.26 GW of commercial44 PV was installed in the United Kingdom as of end 2014, representing 

24% of cumulative installed capacity across all sectors (5.27 GW). 

 3.9 TWh was generated by all PV in 2014, accounting for 1.1% of total electricity generated in the 

country (UK DECC, 2015f). 

 The PV market in the UK is growing rapidly, with 2.4 GW of new capacity installed in 2014, 44% of total 

installed capacity and more than double the new capacity installed in 2013. Nearly 2.5 GW of new 

capacity was installed in the first half of 2015 (UK DECC, 2015g).  

The UK solar market is surging: the UK led the 

European solar market in new installed capacity for 

the first time in 2014, installing over a third of new 

installed capacity on the continent (Clover, 2015b). 

However, nearly two-thirds of this capacity took the 

form of ground-mounted systems45 with half of the 

remaining capacity in installations of under 10 kW 

(UK DECC, 2015d). Commercial PV growth, 

particularly in the 50 kW-1 MW roof-mounted 

range, has been sluggish relative to the rest of the 

UK market: at the beginning of 2014, only around 

400 rooftop installations of 100 kW or larger had 

been installed. The government’s 2014 UK Solar PV 

Strategy emphasized commercial 

rooftops, but more recent policy changes and 

incentive reductions have made the market 

outlook unclear. 

Figure 19 - . Projected U.K. solar installations (UK 
DECC, 2015) 
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 Insolation. Average daily insolation (GHI) ranges from 3.1 kWh/m2/day in southwest England to 2.3 

kWh/m2/day in northern Scotland (UK DECC, 2014a).  

3.5.2. National Conditions 

 Roof space. An estimated 222.5 million m2 of commercial roof space could be suitable for PV, equating 

to a total PV technical potential of 32 GW.46 

 Share of rental property. In 2011, the share of commercial property that is rented was estimated at 

66% (AREF, 2013). The average new lease length in mid-2013 was 4.5 years (AREF, 2014). With such a 

high share of leased commercial space and short lease duration, a long-term investment like solar PV 

may not be appealing to many commercial entities. 

 National electricity demand. Annual electricity demand is projected to decline by 1% annually from 

2015-2022, followed by 1.7% projected annual growth from 2022-2035 (UK DECC, 2014b). Summer 

peak grid demand is expected to decline by 2.5% from 2014-2015 (Ambrose, 2015).  

 Building type. It is unclear whether the commercial market is dominated by a single type of building 

or commercial entity. The commercial PV market as a whole is expanding relatively slowly, and it is 

likely that factors not primarily related to building type are driving commercial entities to adopt PV. 

Large companies, particularly those with retail stores, distribution centres, and manufacturing 

centres—as well as sustainability targets—have deployed large quantities of solar: the British retailer 

Sainsbury leads the UK in terms of commercial deployment with 40 MW installed across over 200 of 

its 1200+ locations (Clover, 2014); Marks & Spencer, another retailer, recently installed 6.1 MW of PV 

across a 900,000 square foot distribution centre, beating out Jaguar Land Rover’s 5.8 MW system atop 

a manufacturing centre for the title of largest rooftop installation in the UK.  

3.5.3. National enabling and constraining policies 

 National incentives. The UK has used three primary incentive schemes for solar PV. The UK Feed-in 

Tariff, open to all PV systems under 5 MW differs from other feed-in tariffs: rather than providing 

payments only for electricity exported to the grid, the UK Feed-in Tariff provides payments to system 

owners for all electricity generated (even if self-consumed) with an additional export tariff for 

generation exported to the grid. In Q3 2015, the generation tariff rates ranged from $0.09/kWh to 

$0.20/kWh for rooftop systems and $0.07/kWh for ground-mounted systems while the export tariff 

for all systems was $0.07/kWh (Ofgem, 2015b). 

The Renewables Obligation, similar to Renewables Portfolio Standards in the United States, was 

designed to incentivize utility-scale PV by requiring electricity suppliers to source an annually-increasing 

share of electricity from renewable sources. While the Renewables Obligation was initially scheduled 

to be closed to new generating capacity at the end of March 2017, the government unexpectedly 

announced in November 2014 that the program would be closed to new solar installations above 5 

MW two years ahead of schedule following faster-than-expected growth in new installations of 

ground-mounted solar farms (Ofgem, 2015a; Shankleman and Murray, 2014).  

                                                           

46 While DECC routinely estimates that 2.5 billion m2 of south-facing commercial roof space is available in the UK, this estimate 

is not supported by estimates of commercial floor space in the UK. An estimate of 679 million m2 of non-governmental 

commercial and industrial floor space (assuming roof space matches floor space and office buildings have three floors) and the 

DECC methodology for rooftop suitability for PV were used to estimate technical potential (143.5 W/m2 assumed) (Mitchell, 

2014). 
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Large systems will now be procured through contracts for difference (CfD) auction mechanism. Under 

CfD, the generator receives payments equal to the difference between the auctioned strike price and 

the wholesale electricity price in order to provide a minimum level of compensation. 

New policy directions: “Rocket boosters” vs. feed-in tariff cuts. As previously mentioned, the UK 

commercial rooftop solar market has grown slowly in comparison to the rapid growth in large ground-

mounted and residential systems. In accordance with its pledge to put “rocket-boosters” under the 

commercial PV market (Bennett, 2014), the UK government has announced two major policy changes in 

2014 to remove barriers to commercial PV uptake. First, new regulations as of March 2015 allow for 

rooftop installations of up to 1 MW to waive planning permissions.47 The streamlining of this regulation 

may help reduce soft costs and drive commercial deployment. In March 2015, the government also 

announced that after summer of 2019, rooftop PV installations of 50 kW or larger will be able to be 

moved between buildings while still retaining Feed-in Tariff accreditation. The government aims to 

make investing in PV more attractive to landlords and tenants who may not have guaranteed long-term 

ownership or leases of their buildings (UK DECC, 2015b). This regulatory change would support 

commercial market given the large share of leased space. More recently, however, DECC introduced 

proposals to significantly reduce the FIT rates, with some FIT rates phasing out completely by 2019 

(Clover, 2015e).  

The future of the UK solar market remains uncertain. The early expiration of the Renewables Obligation 

for certain PV systems at the end of Q1 2015 disrupted the market (Appleyard, 2014), driving many of 

the largest installers to refocus on commercial rooftop PV (Clover, 2015c). The Renewables Obligation 

replacement scheme, CfD, is considered to be currently insufficient to continue driving the rapid growth 

of large solar farms (Clover, 2015d).  

The proposed cuts to the FIT could further decrease market momentum. At the same time, however, 

there is little evidence that commercial prosumers are able to develop on an incentive-free basis.  

  

                                                           

47 See 2015 No. 596, The Town and Country Planning (General Permitted Development) (England) Order 2015, available at 

http://www.legislation.gov.uk/uksi/2015/596/pdfs/uksi_20150596_en.pdf 
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Case Study  

A supermarket was selected for the UK case study. Over the past two decades, the size of supermarkets 

in the UK have grown dramatically, with the majority of floor space in the top three supermarket chains 

in the UK being 4,000 m2 or more. This case study assumes a large supermarket of approximately 4,000 

m2 in floor space owned by a large chain. Supermarkets typically have ideal physical qualities for 

adopting PV (e.g. single floor, flat roof) and energy use profiles that enable them to consume the most 

of PV generation onsite.  

Building Characteristics  
 

 

4,000 m2 supermarket 

1 floor, flat roof with 60-90% of roof 

available for PV  

Greater London, UK 

3.09 kWh/m2/day average annual 

insolation 

 

Electricity Use Profile48 PV Installation 

2,800,000 kWh annual electricity 

consumption 

525 kW peak demand (July) 

9.6 p/kWh average electricity cost 

UK Power Networks distribution 

network operator (LV HH Metered) 

250 kW standard, fixed roof mount system49 

1.99 USD/Wdc installed costs 

Incentives: Feed-in tariff 

Owned by the consumer 

Energy Use Profile with PV  Energy Costs50 

8.2% self-sufficiency: 229,600 kWh 

annual PV generation 

99.9% self-use: all electricity 

consumed onsite 

  Year 1 20 year (cumulative) 

Without PV $409,334 $10,227,444 

With PV $349,442 $8,816,936 

Net Present 

Value 
 $49,194 

IRR 11.4% 

 

3.5.4. Economic Drivers  

 PV System Costs. PV system costs for the case study building are estimated to be lower than the 

average cost for 10-50 kW systems ($2.11/Wdc rolling 12-month average from March 2015). The 250 

kW system on the case study building is assumed at $1.99/Wdc. 

                                                           

48 Electricity profile derived from Profile Class 7 of standard UK load profiles, scaled up to meet an estimated energy intensity 

use of 700 kWh/m2/year. 
49 Standard module, fixed roof mount, 14% system losses, 20° tilt, 180° azimuth, 1.1 DC to AC size ratio, 96% inverter  

Efficiency, 0.5% annual degradation factor 
50 4% annual electricity rate escalator (CCC, 2014), 10% discount rate, assumes feed-in tariff rates as of 1 July 2015. 
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 Retail electricity rates. Commercial rate 

structures in the UK have numerous 

components and taxes (Figure 20) and are 

generally favourable to commercial PV 

viability. Distribution is subject to time-of-use 

pricing, divided into three tiers (red, green, 

amber). For the case study building, peak 

pricing occurs between 11:00-14:00 and 

16:00-19:00, which allows self-use of PV 

generation to enable the system owner to 

avoid the significantly higher peak 

distribution charges on a regular basis.  

Furthermore, most of the components of the 

electricity tariff are volumetric (all but 

transmission and small parts of distribution) 

rather than being fixed or capacity/demand-

based: in the case study building, nearly 90% of charges are volumetric and can be reduced by PV. 

Additionally, a Climate Change Levy (CCL) of 0.554 p/kWh is imposed on all electricity not generated 

from renewable energy sources, further incentivizing commercial entities to maximize self-use (HM 

Revenue & Customs, 2015). Electricity rates are subject to 20% VAT, but 100% of VAT can be reclaimed 

by businesses and VAT impacts are not modelled as such.  

The case study building’s electricity rate is modelled at 9.6 p/kWh, similar to 2014 average for 

commercial consumers with similar annual consumption (UK DECC, 2015c). 

The Committee on Climate Change (CCC) estimates that electricity prices will, as a whole, increase by 

approximately 1.7% per year, and most of this increase will come from the increased cost of supporting 

renewable energy incentives, nuclear development, and GHG emissions reduction (CCC, 2014).  

 Self-Use Ratio. The case study supermarket 

is able to self-consume 99.9% of all 

electricity generated by the 250 kW system. 

Compared to the other case study 

buildings, the high energy use intensity of 

the large UK supermarket combined with 

the slightly lower average annual insolation 

allows for the onsite electricity demand to 

absorb 99.9% of onsite PV output. Unlike 

supermarkets in Germany and France, most 

large supermarkets are open on Sundays, 

albeit for a maximum of six hours for 

buildings of the size of the case study 

building. As a result, no generation is 

exported during normal operating weeks 

(Figure 21), except a small amount during 

certain holidays.  

Figure 20 - Components of the case study building 
year 1 electricity bill 

 

Figure 21 - Weekly electricity usage of the case study 

supermarket with PV generation (week in July) 
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3.5.5. Behavioural Drivers 

 Major chains or real estate management companies with large numbers of buildings in their portfolio 

might be able to work with PV developers to negotiate lower installed costs across their portfolios 

(e.g. 10 MW pricing for 100 kW installations on 100 locations), improving the favourability of PV 

economics. Sainsbury’s, the company with the most PV installed on its buildings in the UK, has over 

200 stores with PV installations—a significant proportion of which has all been installed by a single 

developer.  

3.5.6. National Conditions 

 Share of rental property. Four major grocery chains (Tesco, Asda, Sainsbury’s, and Morrison) control 

nearly three-quarters of the UK grocery market share (Kinnie, 2015). A majority of Tesco, Asda, and 

Sainsbury’s floor space is in stores of approximately 4,000 m2 or larger (Vasquez-Nicholson, 2014). 

While an estimated 66% of commercial real estate is leased in the UK (AREF, 2013), research suggests 

that the majority of these four retailers’ stores are owned rather than leased (Callanan & Thesing, 

2014; Melville, 2015).  

Moreover, while the average lease length in the UK has declined in recent years to under five years, 

large supermarkets continue to sign significantly longer leases, often up to 30 years (British Land, 

2015; Colliers International, 2015). 

 Full Repairing and Insuring (FRI) leases. The UK has a higher share of FRI leases than continental 

Europe. In FRI leases, the tenant is responsible for maintenance and repairs of the building, as well as 

liability for insuring the building. Tenants under FRI leases are responsible for the integrity and repair 

of the roof when PV systems are installed and this liability serves as a disincentive for PV investment.  

3.5.7. Enabling and constraining policies 

 High value of self-use. As discussed above, the structure of the UK’s feed-in tariff is very favourable to 

self-use over export. The feed-in tariff provides payments for all PV generation regardless of whether 

it is exported or self-consumed, and the export tariff provided is approximately half of the retail rate 

of electricity paid by the case study building. The case study building and all PV owners are thus 

strongly incentivized to maximize self-use wherever possible. 

3.5.8. Potential for commercial prosumers in the UK 

 Dependence on tariff payments. Table 13 details a number of scenarios and their effects on the 

economic viability of the case study building’s PV installation. The generation component of the UK 

feed-in tariff contributes significantly to the case study building’s favourable economics, accounting 

for over 40% of savings resulting from the PV system. Without the feed-in tariff, system economics 

become significantly less favourable.  
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Table 13- The economics of the UK case study building PV installation in different scenarios51 

 

The feed-in tariff payments are expected to continue to a degree. In a scenario where the generation 

component of the feed-in tariff drops by 50% while installed costs reach £1.00/Wdc—a scenario likely to 

be reached in the medium-to-long term—system economics become comparable to current conditions. 

 Barriers in commercial real estate practice. System economics alone will not guarantee a commercial 

prosumer breakout. One of the largest barriers to commercial PV adoption is related to commercial 

real estate leasing, and trends in leasing are not favourable to commercial PV. In addition to the large 

share of leases in the UK, the average lease length dropped from 6.8 years to 4.5 years during the past 

several years (AREF, 2014). Though the leading grocery retailers generally have significantly longer 

lease-terms, the lease durations of large companies and retailers as a whole dropped from 9.5 and 8.8 

years respectively in 2003 to barely longer than 5 years in 2013. Moreover, most leases in the UK are 

more favourable to the landlord and leave responsibility for repairing and insuring the roof to the 

tenant, potentially increasing legal complexity if landlords and/or tenants want to install PV (Strathon 

et al., 2014).  

Lease-related barriers could be addressed by new policy and new financing mechanisms. As discussed 

above, the UK government has attempted to address some of the barriers to commercial rooftop PV 

adoption by removing permitting requirements for many rooftop installations and allowing for 

transferability of feed-in tariff payments if an installation is moved. However, it remains to be seen 

whether growth will be suitably incentivized by these policy changes.  Despite record growth in 2014, 

DECC has revised down its projection for installed capacity by 2020. Under its current projections of 12-

14 GW, even if the majority of new growth is commercial, the UK commercial market will still be a 

fraction of the size of the commercial market in Germany. While commercial rooftop market growth is 

likely to continue, potentially facilitated by recent and new policy changes, it is unlikely that a 

commercial prosumer breakout will be imminent.  

                                                           

51 Financial analysis assumes a 10% discount rate, no difference in financing costs between options, and ability to benefit from 

tax depreciation with an assumed 33% effective tax rate; simplified auction rate assumed at €0.15/kWh with a 0.5% annual 

increase for inflation. 
52 Financial analysis assumes a 10% discount rate, no difference in financing costs between options, and ability to benefit from 

tax depreciation with an assumed 33% effective tax rate; simplified auction rate assumed at €0.15/kWh with a 0.5% annual 

increase for inflation. 

The economics of the UK case study building PV installation in different scenarios52 

 Case Study No generation 

tariff, only 

export tariff  

50% feed-in tariff 

(for generation), 

$1.50/Wdc installed 

costs 

No feed-in tariff 

(for generation), 

$1.50/Wdc installed 

costs 

Net present value $48,366 -$186,486 $43,812 -$73,615 

Simple payback  7.5 years  14.2 years 7.4 years  11.7 years 

IRR 11.4% 4.2% 11.6% 7.2% 
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3 . 6 .  U N I T E D  S TAT E S :  M A S S A C H U S E T T S  

National Snapshot  

 5.1 GW of commercial53 PV was installed in the United States as of end 2014, representing 28% of 

cumulative installed capacity across all sectors (Kann et al., 2015b). 

 15.9 TWh was generated by all PV in 2014, accounting for only 0.39% of total electricity generated in 

the country (US EIA, 2015c). 

 Despite record growth in new PV installations in all sectors of 30% from 2013 to 2014 (exceeding 6 

GW of new capacity), new commercial PV installations declined by 7% (Kann et al., 2015b).  

The U.S. solar market faces a significant looming 

obstacle: at the end of 2016, a federal tax credit of 

30% for all solar PV expenditures is set to drop to 

10% for businesses and to expire completely in the 

residential sector. Solar installations are expected to 

surge in 2016, followed by a precipitous drop in 2017 

(Figure 22). While continuing declines in PV module 

prices and soft costs are expected to cause the 

market to rebound, projections estimate a drop-off 

in installations of as much as 57% in 2017 compared 

to 2016 (Kann et al., 2015c).  

 

3.6.1. Economic Drivers 

 PV System Costs. An average, medium-scale commercial rooftop system was estimated at $2.19/Wdc 

in Q1 2015, though the national average for all commercial installations was $3.23/Wdc, due to this 

average including a range of smaller-scale non-residential projects and projects with public sector 

entities, which typically have higher soft costs (Kann et al., 2015c).  

 Retail electricity rates. Commercial retail electricity rates vary greatly throughout the United States. 

The national average retail commercial rate in May 2015 was 10.44 ¢/kWh, though these rates vary 

greatly between regions of the country: the average commercial rate in May 2015 in New England 

(northeast) was 15.06 ¢/kWh compared to 7.95 ¢/kWh in the West South Central region (US EIA, 

2015c). The rates also vary widely by state. Commercial retail rates range from 7 ¢/kWh in Oklahoma 

to 17.85 ¢/kWh in Rhode Island to 31.07 ¢/kWh in Hawaii (US EIA, 2015c). Electricity rates are 

regulated differently in each state, creating a wide range of different commercial rate structures.  

                                                           

53 Commercial PV is defined in the U.S. as all non-residential, non-utility PV. This therefore includes PV installed in government 

and non-government buildings, as well as in industrial buildings. The most cited market estimates are conducted by industry 

groups, as there is no government data comparable to installations by feed-in tariff tranches. 

Figure 22 - . Projected U.S. solar installations; 
(Kann et al. 2015a) 
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The U.S. Energy Information Administration estimates that there are over 3,700 electric utilities with 

over 13,000 commercial rate structures (EIA, 2015). As can be seen in Table 14, a survey of 207 rate 

structures from 52 major utility companies found the following numbers of rates that included specific 

rate elements. The elements below54 are not mutually exclusive. In other words, some rates could 

include a flat charge component, a tiered component, and/or a demand charge component.  

Table 14 - Rate structure elements in US electricity rates 

 

(Ong et al. 2012) 

 Insolation. Average daily insolation (GHI) ranges from 5.64 kWh/m2/day in Arizona to 3.6 kWh/m2/day 

in Pennsylvania (NREL, 2015). 

3.6.2. National Conditions 

 Roof space. An estimated 2.95 billion m2 of commercial roof space (65% of all commercial roof space) 

could be suitable for PV (Chaudhari et al., 2005). Total PV technical potential has been estimated to be 

424 GW, with a potential annual output of 542 TWh (Paidipati et al., 2008).55 

 Share of rental property. The 2012 Commercial Buildings Energy Consumption Survey estimates 

approximately 6.27 million m2 of non-governmental commercial buildings in the US. 36% of the 4.6 

million m2 of non-governmental commercial buildings are leased as opposed to 52% that are owner-

occupied and 7% that have space that is both owner-occupied and leased (5% unoccupied). Building 

owners are at least partially responsible for building energy system O&M in 85% of buildings and 

provide direct input on energy-related equipment purchases in 88% of buildings (US EIA, 2015a). 

 National electricity demand. Annual electricity demand is projected to grow by 0.9% annually from 

2012-2040 (US EIA, 2015b). Annual growth in on-peak summer grid demand is projected to grow by 

1.23% annually from 2014-2023 (NERC, 2013). 

 Building types. The commercial solar market is dominated by larger companies, with the top 25 users 

accounting for more than 569 MW, or 11% of all commercial capacity installed as of mid-2014 (SEIA, 

2014b). Large “big-box” retailers comprise the majority of these companies, as such companies 

typically have large portfolios of flat-roof buildings with suitable building loads in which they have 

control of the rooftops, as well as more reliable access to finance.56 

                                                           

54 Tiered rates refer to rates that increase (or decrease) as the amount of electricity consumed increases. 
55 Assumes 18% average module efficiency. 
56 Based on interviews with US solar installation companies.  



Commercial Prosumers – Development and Policy Options (RE-COM-PROSUMERS), March 2016  

  Page 69  

3.6.3. National enabling and constraining policies 

 National incentives. In addition to the renewable energy investment tax credit discussed above, 

under the Modified Accelerated Cost Recovery System (MACRS), companies are able to depreciate the 

taxable value of their solar equipment over the course of five years rather than over the lifetime of the 

system. Unlike the tax credit, which is set to drop from 30% to 10% at the end of 2016, MACRS has 

been in place since 1986 and is likely to remain in place as a reliable measure to enable commercial 

prosumers for the foreseeable future (SEIA, 2014a). 

 A diverse landscape of state policies. Analysing the commercial prosumer landscape in the United 

States can be difficult. Despite national policies in place, solar and electricity markets in the U.S. are 

more strongly driven at the state level: each of the 50 states are responsible for overseeing utility and 

energy policy within their borders. As a result, a mosaic of different energy policies and programs and 

electricity markets around the country have resulted in considerably different enabling environments 

for commercial prosumers from state-to-state. Forty six states have established net metering 

incentives, though eligibility and installation caps vary from state to state (Inskeep et al., 2015). 

Twenty-nine states have established mandated renewable portfolio standards (RPS) with a wide range 

of targets (e.g. 10% by 2015 in Michigan, 33% by 2020 in California) (DSIRE, 2015). The top 10 states 

installed approximately 90% of all new capacity between 2012 and 2014. California alone accounted 

for 57% of new capacity installed in 2014 and 48% of all total installed capacity as of end of 2014 

(Kann et al., 2015b). 

 Utilities constraining prosumers. As major stakeholders in the ongoing growth of the solar industry, 

many utilities are pushing back against the growth of the solar market around the country. Thirty-four 

states lack decoupling policies, which provide utilities with stable revenue regardless of volume of 

electricity sales; as utility revenue in these states is tied directly to total sales, utilities are incentivized 

to constrain prosumer growth in order to maintain revenue (IEI, 2014). While most states have 

established net metering policies, in Q4 2014 alone, 10 states proposed or adopted fixed charge 

increases, and 6 states proposed or adopted fixed charges for only net metering customers (Inskeep et 

al., 2015).  

With the expiration of the investment tax credit, the future of the U.S. commercial solar market is 

unclear. The solar industry anticipates that the commercial solar market will rebound after 2017 with a 

lingering 10% tax credit and continuing declines in PV module prices. While growth in the commercial 

market is likely to continue, led by a number of strong corporate actors, a nationwide commercial 

prosumer breakout is not imminent across the U.S. as a whole. Emerging prosumers will continue to be 

constrained by economics related to electricity rates, enabling policies, and geography. 
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Case Study  

A “big box” retail building owned by a large national company in Massachusetts was selected for the 

U.S. case study. Big box retail buildings have good physical qualities for adopting PV (e.g. low rise, flat 

roof) and energy use profiles that enable them to consume the most of PV generation onsite. Larger 

national companies are more likely to own their buildings, have stronger access to finance, and have 

more favorable behavioural drivers that increase the likelihood of adopting PV. Massaschusetts was 

selected as the state for several reasons, including: having some of the highest electricity rates in the 

contiguous 48 states, favorable state PV policies and incentives and no self-use taxes, and the fastest 

growing state commercial PV market in the U.S with over 500 MW installed from 2012-2014 (Kann et 

al., 2015a). 

Building Characteristics57  

Photo: © Walmart Corporate via Wikimedia Commons 

2,319 m2 “big box” retail building 

1 floor, flat roof with 60-90% of roof 

available for PV  

Worcester, Massachusetts 

4.33 kWh/m2/day average annual 

insolation 

 

Electricity Use Profile PV Installation 

310,093 kWh annual electricity 

consumption 

98.6 kW peak demand (July) 

National Grid G-2 Rate Structure: demand 

charge, flat distribution charge  

17.6 cents/kWh average energy cost 

100 kW standard, fixed roof mount system58 

$2.75/W installed costs 

Incentives: 30% federal ITC and SRECS, net metering 

at retail rate, MACRS 

Owned by the consumer 

  

                                                           

57 Building characteristics and energy usage data are drawn from the U.S. DOE commercial reference building for a “standalone 

retail building.” These reference buildings are models for the most common types of commercial buildings in the U.S, 

representing approximately two-thirds of the commercial building stock (Deru et al., 2011).  
58 Standard module, fixed roof mount, 14% system losses, 20° tilt, 180° azimuth, 1.1 DC to AC size ratio, 96% inverter  

Efficiency, 0.5% annual degradation factor 
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Electricity Use Profile with PV  Electricity Costs59 

37.4% self-sufficiency: 115,974 kWh annual 

PV generation 

90.8% self-use60 115,873 kWh consumed 

onsite, 11,740 kWh fed into grid 

Rate structure unchanged 

  Year 1 20 year (cumulative) 

Without PV $55,244 $1,394,814 

With PV $34,788 $907,722 

Net Present 

Value 
$189,158 

IRR 25.0% 

3.6.4. Economic Drivers  

 PV System Costs. PV system costs are estimated at $2.75/Wdc (between the national average and the 

modelled price for a 200 kW system from Kann et al., 2015b) for the 100 kW system installed on the 

case study building. Massachusetts commercial system costs are comparable to the national average 

(Kann et al., 2015a). 

 Retail electricity rates. Massachusetts has the third highest average commercial retail electricity rate 

of the 48 contiguous states, averaging 14.79 ¢/kWh in May 2015 compared to a national average of 

10.44 ¢/kWh (US EIA, 2015c). Renewable energy is thus a more attractive option for businesses in 

Massachusetts than in many other states, contributing to Massachusetts being 4th in the country in 

installed PV capacity (Kann et al., 2015a).  

The case study building operates in the National Grid utility territory, where there are only two possible 

rate structures for its demand level (Table 15). While the savings from G-1 from pre-PV to post-PV 

scenarios are larger due to higher volumetric charges, G-2 remains the optimal rate in both cases, 

despite the PV system’s inability to reduce the buildings’ demand charges. 

  

                                                           

59 1.8% annual electricity rate escalator (Kennerly & Proudlove, 2015), 10% discount rate, assumes all state/federal incentives 

60 Massachusetts allows “virtual net metering,” which enables consumers to utilize electricity generated by a PV system that 
may not be located on the same site. As discussed in Section 2, customers using electricity rate structures that are comprised 
of large demand and fixed customer charges will not be able to reduce their electricity costs through self-use as significantly as 
customers using rate structures that are primarily comprised of volumetric charges. Many commercial customers installing 
solar in Massachusetts pursue an option under which the PV system, despite being mounted on the roof of the company’s 
building, is set up on an independent account using a volumetric rate structure (i.e. the G-1 rate in the case study) and 
configured for exporting 100% of generation. Credits are thus accrued at the highest per-kWh rate available before being 
virtually net metered back to the commercial customer’s account to offset their electricity bill. In the case study building, the 
value of these credits generated under the G-1 rate could be up to 30% higher than the value of self-use under the G-2 rate the 
building uses, significantly increasing the financial attractiveness of adopting PV. However, this option is not modelled in the 
case study because it relies specifically on the virtual net metering policy remaining in place. 
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Table 15 - National Grid commercial rate structures61 

National Grid commercial rate structures62 

Rate Type Year 0 Bill (no PV) Year 1 Bill (with 

PV) 

Savings 

G-1 High dist. charges, no time of 

use, no demand charges 

$64,448 $37,800 $29,660 

(-46%) 

G-2 Low dist. charges, no time of use, 

flat demand charges  

$55,244 $34,788 $20,456 

(-37%) 

The rate structure analysis was repeated using four rate structures of Eversource Energy (Table 16), the 

other major investor-owned electric utility in Massachusetts (Eversource and National Grid serve 

approximately two-thirds of the state’s population). Eversource’s commercial rates vary from National 

Grid’s in that demand and customer chargers are higher across the board and time-of-use pricing 

factors into some rate structures while volumetric charges are significantly lower and fairly similar 

across rates. The case study building would use G-2 rates in both pre-PV and post-PV cases, as its peak 

demand is well-suited for taking advantage of G-2’s tiered demand charges. 

Table 16 - Eversource commercial rate structures63 

Eversource commercial rate structures64 

Rate Type Year 0 Bill (no PV) Year 1 Bill (with 

PV) 

Savings 

G-0 High, flat demand charges, low customer 

charge 

$56,422 $38,302 $18,120 

(-32%) 

G-2 Tiered demand charges, high customer 

charge, low volumetric 

$53,791 $36,100 $17,691 

(-33%) 

T-0 High, flat demand charges, low customer 

charge, time of use pricing 

$57,877 $39,733 $18,144 

(-31%) 

T-4 Tiered demand charges, high customer 

charge, low time of use pricing 

$53,972 $36,269 $17,703 

(-33%) 

 

                                                           

61 National Grid rates active since January 1, 2010 (National Grid, 2015a); supply charges averaged between periods 5/1/14-

10/31/14 and 11/1/14-4/30/15. While G-3 would provide a lower Year 0 bill, G-3 is not available to customers with demand 

below 200 kW. 
62 National Grid rates active since January 1, 2010 (National Grid, 2015a); supply charges averaged between periods 5/1/14-

10/31/14 and 11/1/14-4/30/15. While G-3 would provide a lower Year 0 bill, G-3 is not available to customers with demand 

below 200 kW. 
63 Eversource rates active since April 1, 2015 (Eversource Energy, 2015); supply charges averaged between periods 7/1/14-

12/31/14 and 1/1/15-6/30/15 
64 Eversource rates active since April 1, 2015 (Eversource Energy, 2015); supply charges averaged between periods 7/1/14-

12/31/14 and 1/1/15-6/30/15 



Commercial Prosumers – Development and Policy Options (RE-COM-PROSUMERS), March 2016  

  Page 73  

In both cases, the addition of PV to the case study building does not enable it to change rates in either 

utility territory. This comparison seems to suggest that the economics of PV do not differ significantly 

for the case study building between optimal rates in different utility areas within Massachusetts (IRR in 

National Grid territory is 25% compared to 24.3%).  

However, the similarity in this comparison is due largely to the fact that the sale of Solar Renewable 

Energy Credits (SRECs)—which provide consistent value per unit of PV electricity generated across the 

state—yields greater economic returns than the electricity savings generated from the PV system (see 

“Enabling and Constraining Policies” below). With SRECs removed, the difference in IRR widens to 

11.74% in National Grid terriory compared to 10.55% in Eversource territory. 

 Self-Use Ratio. The energy load of the case 

study building is favourable for PV, as big 

box retail buildings typically have moderate 

energy usage and demand relative to area 

with peak demand occurring during 

business hours, largely coinciding with 

peaks in PV generation. As a result, exports 

for the case study building are low and only 

occur when PV generation is maximized 

and/or building load is minimized (i.e. on 

holidays): over 90% of onsite PV generation 

can be self-consumed by the case study 

building. 

As shown in Figure 23, peak PV generation 

typically occurs just before noon, whereas building demand typically peaks in the afternoon/early 

evening. As a result, 92% of PV generation exported to the grid in the case study building is exported 

before noon. Exports are highest from March to June (Figure 24), as PV generation ramps up due to 

increasing insolation while building load decreases due to reduced heating and cooling needs. 

Given the high self-use profile and lack of 

self-use taxes in Massachusetts, the 

economics of PV would be still quite 

favourable if net metering incentives were 

removed or significantly reduced (IRR 

declines to 24% without net metering). 

Figure 23 - Weekly electricity usage of the case study 
building with PV (week in July) 

 

Figure 24 - Year 1 electricity consumption and PV 
generation exported to the grid 
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 Access to finance. Access to finance and creditworthiness is a significant barrier to adoption of 

commercial PV, regardless of whether the company seeks to own the system or pursue a third-party 

ownership option like a PPA. Small businesses can have difficulties in obtaining solar financing due to 

difficulties in assessing their creditworthiness (Penn, 2015). Large national retail chains have 

comparably better access to credit than small businesses or franchises.  

3.6.5. Behavioural Drivers 

 The retail buildings most likely to adopt PV are large national chains with an extensive portfolio of 

buildings they own (or have control over through a long-term lease) and strong access to finance. This 

is reflected at the national level, where 7 of the top 10 companies in installed capacity are large chain 

retailers (i.e. Walmart, Kohl’s, Costco, IKEA, Macy’s, Target, and Staples), who alone account for nearly 

300 MW in cumulative installed capacity (SEIA, 2014b). 

Large national chains are also likely to have corporate sustainability plans than smaller similar 

companies (KPMG, 2011). Thus such companies may be willing to accept lower economic returns when 

investing in renewable energy.  

3.6.6. National Conditions 

 Roof space. Big-box retail buildings typically have flat rooftops with a majority of roof space available 

for PV. Retail buildings without significant refrigeration needs (i.e. less roof space needed for HVAC 

equipment) can install PV on close to 90% of available roof space (IKEA, 2015).  

The technical potential of all commercial rooftop PV in Massachusetts was estimated at 3.1 GW in 

2008 (Navigant Consulting, 2008).  

 Share of rental property. Large national chains that often own big-box retail buildings are more likely 

to own the occupied building and are also more likely to be anchor tenants in retail malls with longer 

leases of 20 years or more. Chain retailers or real estate management companies with large numbers 

of buildings in their portfolios might be able to work with PV developers to negotiate lower installed 

costs across their portfolios (e.g. 10 MW pricing for 100 kW installations on 100 locations), improving 

the favourability of PV economics. 

 Existing and planned RE development. Massachusetts is one of the strongest solar markets in the 

country, ranking sixth in overall installed capacity and fourth in new installed capacity in 2014 (Kann et 

al., 2015b). Despite the decline in commercial PV growth nationally from 2013 to 2014, the 

Massachusetts commercial market grew by 26% between 2013 and 2014. 

3.6.7. Enabling and constraining policies 

 Favourable policy landscape. In 2007, the Commonwealth of Massachusetts set a goal of installing 

250 MW of PV throughout the state by 2017. After this goal and a 400 MW cap on the state’s PV 

incentive program were both passed in 2013, the state set a more ambitious goal of 1,600 MW by 

2020 (von Kreutzbruck, 2013). 
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 Strong solar PV incentives. Massachusetts has a robust net metering policy that allows PV systems of 

up to 2 MW to receive close to the retail rate for generation exported to the grid. Unlike most states, 

Massachusetts also permits virtual net metering, which allows PV systems to generate net metering 

credits even when the electricity is generated off-site (EOEEA, 2015c). However, the overall statewide 

net metering capacity cap for systems over 60 kW as well as many smaller systems65 was set at 1 GW 

across for each major utility territory. Caps in many utility territories, including the largest investor-

owned utility territory in the state, have been reached or are close to being reached, and prolonged 

political debate over the future of this program has created uncertainty for commercial entities 

interested in pursuing solar. 

In addition to net metering, the Solar Carve-Out program within the state’s Renewable Portfolio 

Standard (RPS), now in its second phase, awards one SREC to system owners for every 1 MWh produced 

by systems under 25 kW, solar canopy systems, emergency power systems, community solar, and PV 

installed on low income housing (EOEEA, 2015a). Other system types are awarded less than one SREC 

for each MWh, depending on factors such as system size and location. These SRECs can be sold to retail 

electricity suppliers to meet their RPS compliance obligations (EOEEA, 2015b). 

3.6.8. Potential for commercial prosumers in Massachusetts 

Technical potential for deployment. As discussed above, the technical potential of all commercial 

rooftop PV in Massachusetts was estimated at 3.1 GW in 2008. This estimate is unlikely to be achieved 

due to limiting factors related to building suitability and ownership profile: less than half of non-

governmental building floor space in the northeast is solely owner occupied (US EIA, 2015a). It is 

estimated that roughly 1.1 GW of rooftop commercial PV could be achieved in Massachusetts.66 Current 

commercial PV growth rates in Massachusetts are the highest in the nation, and this potential may be 

approached under current incentives and policies. However, given the popularity of the PPA among 

commercial entities, only a minority of this capacity will be installed by commercial prosumers. 

Reliance on incentives for system economics. Massachusetts’ favourability for investments in PV is 

primarily due to the generous incentives it offers for PV through its SREC and net metering policies. 

While many commercial buildings are able to self-consume the vast majority of PV generation (which 

reduces the reliance on net metering), the value of SRECs is significant: in the case study building, SRECs 

alone paid back the full, unincentivized cost of the system within 9 years. 

                                                           

65 Systems under 10 kW on a single-phase circuit and systems under 25 kW on a three-phase circuit are exempt from the net 
metering caps altogether. All other PV systems are subject to the net metering cap and must reserve cap allocation in order to 
guarantee net metering eligibility. 

66 We acknowledge that this estimate ignores a number of factors for which solid data for the entire state is unavailable, 

including, but not limited to: proportion of creditworthy building owners, proportion of roofs suitable for PV installation, 

proportion of tenant-occupied buildings that would still opt to install PV, proportion of commercial PV installed under PPA, etc. 

We focus on owner occupancy as a key statistic, given the factors described earlier in this case study. 
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Table 17 - The economics of the case study building PV installation with and without incentives67 

The economics of the case study building PV installation with and without incentives68 

 With incentives No incentives No incentives 

($1.50/Wdc) 

Net present value $189,158 -$35,016 $58,886 

Simple payback  3.0 years 9.1 years 5.1 years 

IRR 25.0% 7.8% 16.1% 

 

Table 17 notes the significance of state and federal incentives in the economic viability of commercial 

solar: with the removal of SRECs and net metering and the reduction of the federal ITC from 30% to 

10%, the economics of PV drop drastically. As discussed in Section 2.4.3, a number of sources have 

suggested that energy-related projects with greater than 3-year simple payback and below 18.5% IRR 

become unacceptable to a majority of commercial decision makers (Hedman et al., 2012; Prindle, 

2010).  

Even with Massachusetts’ high electricity rates, it is expected that PV will no longer be an attractive 

proposition for most commercial entities with all incentives removed. SRECs are slated to expire when 

the state reaches its 1,600 MW goal, and the federal ITC will expire at the end of 2016. However, 

commercial installed costs are likely to continue to decline: in a future scenario without incentives but 

with installed costs dropping to $1.50/Wdc, PV economics will be somewhat more favourable. With the 

lower ITC after 2016, commercial entities that adopt PV may opt in larger numbers to own their 

systems, as reduced margins may make PPAs less attractive. 

However, as discussed in Section 2, a number of barriers will likely still hinder the emergence of 

commercial prosumers regardless of the favourability of PV economics. Building ownership models will 

continue to pose problems for PV ownership. Technical barriers, lack of access to information, and poor 

access to capital will similarly deter investment in PV. Commercial PV growth in Massachusetts is strong 

with very favourable PV economics, yet many of these barriers continue to prevent many commercial 

entities from adopting PV. It is expected that these barriers will continue to prevent prosumer 

emergence in lieu of incentives.  

                                                           

67 Financial analysis assumes a 10% discount rate, no difference in financing costs, and ability to benefit from MACRS with an 

assumed 30% effective tax rate. 
68 Financial analysis assumes a 10% discount rate, no difference in financing costs, and ability to benefit from MACRS with an 

assumed 30% effective tax rate. 
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Country PV Statistics, 2014 PV cost range Avg. retail 

electricity rate 

National Incentive 

schemes 

Case Study 

Analysed 

Notes 

France

 

 Cumulative – 5.3 GW 

 Commercial PV - 1.6 

GW (30% of total) 

 Newly installed in 2014 

– 927 MW 

€1.80-€2.00/Wdc 

($1.93-

$2.15/Wdc) for 

100 kW-250kW 

systems  

€0.10/kWh - 

€0.11/kWh 

($0.11/kWh - 

$0.12/kWh) 

Feed-in tariff, 

simplified auction, 

auction 

Supermarket 

rooftop – 140kW 

standard; 

9.6% IRR 

PV market slow in 

previous years but 

accelerated in 2014; 

significant scale-up in 

commercial PV still few 

years off 

Germany 

 

 Cumulative capacity – 

38.5 GW 

 Commercial PV – 27.1 

GW (70% of total) 

 Newly installed in 2014 

– 1.8 GW 

€1.20/Wdc 

($1.29/Wdc) 

€ 0.1537/kWh 

($0.17/kWh) 

Feed-in tariff Supermarket 

rooftop – 95kW 

standard; 

11.2% IRR 

Slow growth in 

commercial PV despite 

reaching socket parity 

resulting from 2014 policy 

changes  

United 

Kingdom

 

 Cumulative capacity – 

5.27 GW 

 Commercial PV – 1.26 

GW (24% of total) 

 Newly installed in 2014 

– 2.4 GW 

$2.12/kW $0.16/kWh Feed-in tariff 

(generation + 

export), Renewables 

Obligation 

Supermarket 

rooftop – 250kW 

standard; 

11.4% IRR 

Slow growth in 

commercial rooftop PV; 

future of solar market 

remains unclear due to 

significant policy changes  

United States 

 
 

 Cumulative capacity – 

18.2 GW 

 Commercial PV – 5.1 

GW (28% of total) 

 Newly installed in 2014 

– 6 GW 

$3.23/Wdc National 

average 

$0.1044/kWh, 

rates vary 

greatly between 

states  

Investment tax credit 

(Massachusetts – net 

metering at retail 

rate, Solar 

Renewable Energy 

Credit (SRECs) 

Supermarket 

rooftop 

(Massachusetts) – 

100kW standard; 

25.0% IRR 

Growth in commercial PV 

market likely to continue 

despite the looming 

expiration of federal tax 

credit  
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4  CO N C LU S I O N S  A ND  NE X T  S TE P S  

4 . 1 .  C O N C L U S I O N S  

The RE-PROSUMERS study concluded that a residential prosumer revolution is not yet here. The same 

conclusion can be reached for commercial prosumers, although the drivers for residential and commercial 

prosumers in many countries are different. In many OECD countries, for example, the drivers that would 

support commercial prosumer emergence (e.g. lower installed cost and higher self-use) are offset by drivers 

that decrease PV competitiveness in the commercial sector (e.g. lower electricity rates and higher return 

expectations for investment). The constraining drivers are further compounded by complex decision making 

processes in the commercial sector. Lessons from the energy efficiency industry demonstrate that highly 

attractive investments in onsite energy can be challenging for many institutions to effectively identify, 

prioritize, and pursue. Corporate values can drive investment in PV (e.g. IKEA’s program to install rooftop 

solar), but examples of such behaviour remain the exception.  

Overall, commercial prosumers have been slow to emerge on an “incentive free” basis in the markets 

analysed in this study. There is anecdotal evidence of some commercial prosumers installing systems 

without incentives, but this practice is not widespread: reported installations in the countries analysed in 

this study are almost all installed through national incentive programs. In the case study countries, 

commercial PV systems in general are a smaller share of the PV market than residential and utility-scale 

systems, and in some cases their market share is declining. In the UK, over 80% of new installations in 2014 

were ground-mounted or below 10 kW as opposed to commercial-scale systems. Germany’s PV market has 

declined since peaking in 2012, with much of the drop off decrease in commercial-scale installations. In the 

U.S., the commercial PV market has been overtaken by the residential market in recent years. In France, a 

number of pilot commercial prosumer projects are being developed in different regions of the country.   

The slow emergence of commercial prosumers can be attributed to unattractive economics and/or the 

presence of more attractive alternatives to onsite consumption (e.g. feed-in tariff payments set above the 

retail rate). In the UK and the US, the financial case for commercial PV has been driven by incentives (e.g. 

the investment tax credit in the U.S. and feed-in tariffs in the UK). Without these policies, it remains difficult 

for commercial PV systems to meet typical commercial return expectations. In France, electricity prices for 

the commercial sector have historically been below the generation cost of PV, with the result that most 

commercial PV systems developed thus far have opted to sell all their generation under the feed-in tariff or 

auction policies rather than consuming onsite.  

Commercial prosumers may be less sensitive to export policies than residential customers. Commercial 

electricity consumers have higher minimum and steadier onsite demand than residential consumers do. As 

a result, it is easier to match PV system output with onsite demand. Commercial prosumers may therefore 

be better positioned than residential customers are to emerge in environments where electricity export 

policies are not in place (or where electricity export policies have been reduced or curtailed).  
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Some jurisdictions have introduced new taxes or charges that have constrained commercial prosumers. In 

Germany, PV for self-use is economically attractive due to high electricity prices, especially as feed-in tariff 

rates for exported power continue to fall. Commercial prosumers were projected to emerge in Germany 

based on the alignment of market drivers there in 2012-2014. However, the German case study reveals the 

important role of policymakers in incentivizing or dis-incentivizing self-use of solar PV in the commercial 

sector. Even though the policy changes introduced in 2014 – i.e. making prosumers pay 30-40% of the EEG 

surcharge on self-consumed electricity – seem to be marginal, they severely impacted the economics of 

prosumers in the commercial sector and have delayed prosumer emergence.69 Policies can modify the cost 

competitiveness benchmark for self-consumed PV electricity by making prosumers pay (or not) for certain 

surcharges and taxes which are part of the retail electricity price. 

Countries do not yet have clear commercial prosumer strategies in place, even though some countries are 

requiring significant onsite energy reductions through policy. None of the countries profiled in this report 

have yet developed a clear commercial prosumer strategy, which may complicate the achievement of 

parallel policies that require significant building energy reductions. In EU, for example, the 2010 Energy 

Performance of Buildings Directive requires member states to pass legislation that require all new buildings 

to be zero energy buildings by 2021. For instance In Germany, the requirements for more energy efficient 

buildings are already regulated by the Energy Saving Ordinance (Energieeinsparverordnung, (EnEV)). The 

next EnEV amendment will take place in 2016 and will implement the nearly-zero energy building standard 

in order to meet the EU requirements. In order to reach these ambitious building codes, distributed 

renewable energy technologies (and likely self-consumption) will be required. At present, however, there 

appears to be either a lack of targeted commercial prosumer policy making in most countries or policies 

that are instead constraining commercial prosumer development.  

4 . 2 .  N E X T  S T E P S  A N D  P O L I C Y  O P T I O N S  

As discussed in the section above, commercial prosumer markets are not yet growing at a sufficient pace to 

keep up with growth in the residential sector and there are only a few examples of jurisdictions that have 

articulated specific policy strategies to support commercial prosumers (e.g. Singapore). At the same time, 

there are strong arguments for targeted commercial sector support in order to respond to low- or zero-net 

energy building codes and requirements, for example, to reduce carbon emissions from buildings in a 

rapidly urbanizing world, to mitigate the strain on distribution networks by directly serving commercial 

loads with onsite generation, or to better position the commercial sector to capture economic benefit from 

onsite PV should the trend toward distributed system architecture continue.  

                                                           

69 The impact on the residential prosumers was much smaller, since small-scale system (up to 10 kW) are exempt and because the 

cost difference is larger between retail residential prices (about 30 € cent/kWh) and the LCOE of small-scale PV system (less than 15 

€ cent/kWh).  
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As described in Section 2.4, the commercial uptake of onsite sustainable energy may be slow even when the 

economic case is compelling. If policymakers – and other stakeholders such as project developers or 

industry associations – are seeking to enable (rather than constrain) commercial prosumers going forward, 

then more targeted efforts may be useful in order to position building owners to adopt PV both under 

current incentive regimes and on an “incentive free” basis in the future. These efforts could include, for 

example: 

Develop new policies to remunerate excess generation for commercial, customer-sited PV projects. Since 

some commercial buildings currently opt not to export electricity to the grid, or size their systems to 

minimum load to avoid having to export power to the grid, export polices may not be as important as they 

are for many residential prosumers. However, policy makers can significantly impact the growth and 

development of the commercial prosumer sector by introducing (or simply improving) the rules governing 

the treatment of net excess generation. 

For countries that wish to maximize the amount of commercial roof-space developed for PV, export policies 

will likely need to be revised. In jurisdictions with comparatively high commercial retail prices, such as 

Germany or Italy, export compensation could be below the full retail rate and would therefore differ from 

traditional net metering; it could also involve actual remuneration for project output, rather than simply a 

bill credit, though set at a rate that is below the commercial retail rate paid. In jurisdictions with 

comparatively low commercial retail rates, such as France, traditional net metering may be sufficient to 

create a viable on-ramp for commercial customers, particularly if PV prices continue to drop, and retail 

prices continue to rise. Further policy options can be seen in the value of solar tariffs being introduced in 

part of the U.S., new net billing arrangements emerging in certain island regions, as well as other innovative 

mechanisms for compensating net excess generation.  

Beyond variations on traditional export policies, governments could also explore new policy frameworks for 

commercial customers to participate in the electricity market, such as allowing commercial prosumers to 

transfer excess electricity to other commercial accounts (e.g. via virtual net metering or retail wheeling), by 

allowing commercial solar PV systems to aggregate and participate in the wholesale market, and/or 

enabling adjacent commercial entities to create their own microgrids.  

Deploy instruments that specifically support commercial systems or that mitigate barriers that are 

particularly prevalent among commercial buildings. Models under which commercial prosumer self-use 

occurs without incentives have not yet emerged widely; as a result, there is not yet a wide spectrum of 

experience on how to best support their development. As a result, pilots such as the self-use auction 

conducted in Poitou-Charentes in France could be helpful for government, industry, and commercial sector 

stakeholders to build a track record of experience. In order to address ownership split incentive issues, 

policymakers could consider the development of policies or programs to allow for the transfer of PV 

systems (e.g. UK) or the creation of green leases (e.g. in the U.S. state of California). In order to address the 

difficulty of small- to medium-sized enterprises to secure financing, targeted loan or credit support 

programs (e.g. loan loss reserves) can be deployed to help jumpstart the flow of capital.  
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Invest in improved data on available national commercial building stock. Some countries conduct detailed 

surveys of the number and type of commercial buildings, as well as energy usage within those building 

types. If jurisdictions do not keep or frequently update such statistics, it can be difficult for policymakers to 

make informed decisions on how best to target their interventions and what the outcomes may be. In 

parallel, technical rooftop potential studies specifically aimed at the commercial sector, and broken out by 

building type, could be conducted.  

Define broad characterizations of commercial building type according to the factors that may influence 

decision making. As discussed in Section 2.3, factors such as building ownership type, ownership strategy, 

lease type, lease duration, and property management strategy, among others, can each have bearing on PV 

investment decisions. To the extent that certain property ownership types can be broadly associated with 

specific building types, policy interventions can be tailored accordingly. As discussed in Section 2.3, it may 

difficult in some countries to identify any correlation between building type and ownership. Even if broad 

categorizations are not feasible, however, the development of a basic map of different building ownership 

considerations and their implications for energy decision making can be useful for understanding how to 

appropriately customize policy support.  

Analyse commercial diffusion patterns and behavioural drivers. The dynamics of PV adoption within both 

the residential and commercial markets remain relatively opaque, although there have been some studies 

of PV diffusion in recent years, such as by the U.S. Sunshot Initiative.70 In order for policymakers and other 

stakeholders to target future initiatives, it would be useful to better understand how PV systems have 

diffused within the commercial sector and why commercial entities have adopted PV (e.g. internal priorities 

vs. benchmarking against peers).  

Develop tools for decision makers. Project developers can equip commercial decision makers, project 

managers, and facilities staff with the tools to assess and navigate the complexities of internal decision 

making related to energy. These could include, for example, guides that describe specifically how different 

institutional departments (e.g. finance, public relations, etc.) may influence PV investment, how they can 

best be engaged (including the information required for efficient engagement), and the spectrum of 

practices (from standard to innovative) that are utilized by other institutions facing similar circumstances. 

Such guides and catalogues of peer practice can be organized according to frameworks such as the virtuous 

cycle (Section 2.4.6).  

Develop programs that specifically target areas of commercial decision making. Policymakers and local 

decision-makers can assess the institutional needs of specific commercial entities (e.g. supermarkets) and 

craft appropriate local regulation. For commercial buildings where onsite technical know-how is a serious 

human resource challenge, for example, focused training programs or on-call PV technical assistance can be 

provided. In industries where the institutions have trouble securing debt, specific financing programs can be 

deployed. For institutions that heavily value their public image, policymakers can create public relations 

opportunities around competitions, recognition campaigns, and other public-private awareness raising 

efforts.  

                                                           

70 See : http://energy.gov/eere/sunshot/solar-energy-evolution-and-diffusion-studies  

http://energy.gov/eere/sunshot/solar-energy-evolution-and-diffusion-studies
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These types of targeted initiatives for commercial adoption represent a different approach than standard 

incentive programs and would require resources to be focused intensively in specific sectors. Given the size 

and diversity of the commercial sector, project developers and other stakeholders considering such 

approaches could initially target commercial entities with high potential for PV adoption in order to pilot 

these approaches and create the potential for them to lead by example.  

Maintain policy stability for the commercial prosumer sector. The policy landscape for PV around the 

world has remained dynamic as PV costs have continued to fall. Many countries have decreased, phased 

out, or otherwise adjusted their PV support policies in response to (or in anticipation of) rapid PV market 

growth. Policymakers may wish to maintain stable policy conditions for commercial prosumers in order 

avoid the dramatic commercial slowdown observed in some countries. 

Examine commercial rate structures to assess to what extent the fixed, non-volumetric elements of rates 

restrict the attractiveness of customer-sited PV. As highlighted in RE-PROSUMERS, excessive fixed charges 

can significantly restrict the economic attractiveness of PV. This is arguably even more important in the case 

of commercial prosumers, as excessive fixed charges may incentivize grid defection if storage, microgrids, 

and other technology costs continue to decline rapidly, or if innovative business models enable new ways of 

securing flexible and reliable power supply without relying on traditional utilities.  

At the heart of the debate around the rise of prosumers are a host of questions about what the role of 

electricity consumers should be in the future evolution of the electricity system. As the cost of onsite 

generation comes to undercut the cost of grid-based supply in a growing number of markets, a new 

policy approach for the electricity sector is needed, one that recognizes the tremendous potential of 

prosumers to meet electricity demand cost-competitively while simultaneously fueling the rise of a more 

distributed and lower-carbon power system.  
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A P P E ND I X  A  –  CO M M E RC I A L  B U I LD IN G  T Y P ES  
A N D  LOA D  P RO F I L ES  

                                                           

71 An explanation of load profiles and different classes can be found online here: https://www.elexon.co.uk/wp-

content/uploads/2013/11/load_profiles_v2.0_cgi.pdf 

United States  United Kingdom 

CBECS (Building types) DOE (load profiles)  Ofgem (load profiles)71 

Office 

Large Office  Profile Class 1 Domestic Unrestricted Customers 

Medium Office  Profile Class 2  Domestic Economy 7 Customers 

Small Office  Profile Class 3 
Non-Domestic Unrestricted 

Customers 

Warehouse and 

Storage 
Warehouse  Profile Class 4 

Non-Domestic Economy 7 

Customers 

Mercantile (Retail 

Other Than Mall) 
Stand-alone Retail  Profile Class 5 

Non-Domestic Maximum Demand 

Customers with a Peak Load Factor 

of less than 20% 

Mercantile (Enclosed 

and Strip Malls) 
Strip Mall  Profile Class 6 

Non-Domestic Maximum Demand 

Customers with a Peak Load Factor 

between 20% and 30% 

Food Sales Supermarket   Profile Class 7 

Non-Domestic Maximum Demand 

Customers with a Peak Load Factor 

between 30% and 40% 

Education 

Primary School  Profile Class 8 

Non-Domestic Maximum Demand 

Customers with a Peak Load Factor 

over 40% 

Secondary School  
Seasons defined as Autumn, Winter, Spring, Summer, 

and High Summer 

Food Service 

Quick Service 

Restaurant 
  

Full Service 

Restaurant 
 Germany 

Health Care 

(Inpatient) 
Hospital  National standard load profiles 

Health Care 

(Outpatient) 

Outpatient 

Healthcare 
 G1 

Commerce on standard workdays (e.g. offices, 

manufacturing) 

Lodging 
Small Hotel  G2 

Commerce with primary usage in evenings 

(e.g. gyms, restaurants) 

Large Hotel  G3 Around-the-clock business (e.g. cold stores, 
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The load profile used in each country is indicated in the tables 

elow.  

sewage)  

 Midrise Apartment  G4 Shops (e.g. supermarkets, wholesale) 

Public Assembly   G5 Bakeries 

Public Order and 

Safety 
  G6 Weekend Business (e.g. cinemas, tourist sites) 

Religious Worship   L1 Farms with dairy 

Service   L2 All other farms (e.g. agriculture) 
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A P P E ND I X  B  –  A D D I T IO N A L  CO M M E R C I A L  
B U I L D I N G  A N A LYS I S  

The following building types were modelled using U.S. DOE Commercial Reference Buildings for annual 

energy loads and physical characteristics. Based on the physical characteristics (i.e. number of floors and 

total floor space), available roof space was calculated. An estimated 50% of this roof space was assumed 

to be suitable for PV. NREL’s PVWatts was used to provide hourly PV generation for Worcester, MA (the 

same location data used for the U.S. case study in Section 3.2). All graphs shown are of a week in mid-

July during peak PV generation and peak building demand 

   

Hospital 

 

3,700 m2 roof space  

9,300 MWh annual electricity 

consumption 

270 kW installation 

100% self-use 

3.8% self-sufficiency 

 

Hospitals are able to maximize self-use due to very high, consistent energy use intensity. 

However, hospital buildings themselves frequently have multiple floors and high HVAC 

requirements, reducing available PV area. In the U.S., many hospital PV installations 

occur on parking garages within the general vicinity but not on top of the hospital 

rooftop proper. Moreover, the high annual energy consumption and consistently high 

demand of hospitals might cause it to fall under an industrial rate structure in some 

jurisdictions, with lower overall rates and higher demand charges, reducing the 

economics of self-use. 
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Hotel 

(Large) 

 

1,600 m2 roof area  

2,800 MWh annual electricity 

consumption 

120 kW installation 

100% self-use 

6.4% self-sufficiency 

 

Though the electricity load shape of hotels is not well-aligned with PV, with peaks early in 

the morning and at night, the high energy use intensity of hotels allow for 100% self-use. 

However, larger hotels are generally unable to achieve high self-sufficiency ratios and 

would not be able to offset a significant proportion of overall energy usage with PV. 

Despite being directly consumer-facing, as of 2014, less than 200 of the over 50,000 

lodging establishments in the U.S. had installed PV (Hasek, 2014) 

Office 

Building 

 

1660 m2 roof space 

742 MWh annual electricity 

consumption 

120 kW installation 

92.5% self-use 

19.1% self-sufficiency 

While self-use and self-sufficiency are generally favourable, office buildings are less likely 

to adopt PV for self-use due to the frequent split incentive: office buildings are typically 

not owner-occupied, and thus, while the building occupant may benefit from savings 

generated by PV, the building owner is often forced to assume the risk and finance the 

system. Office buildings also have lower base loads and are generally closed on 

weekends, typically resulting in high grid injection on weekends and holidays. 
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Wareho

use 

 

 

4,800 m2 roof space  

269 MWh annual electricity 

consumption 

350 kW installation 

37.3% self-use 

62.3% self-sufficiency 

While warehouses have large flat rooftops, they also have relatively low energy use 

intensity. As a result, self-use is quite low: 37.3% when half of available roof space is 

covered with PV. Even if the system were sized to only cover 20% of roof space, self-use 

stays below 75%. Warehouses are thus heavily reliant on feed-in incentives for economic 

viability. 
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