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Recent experience from around the world suggests that feed-in tariffs (FITs) are the most effective 
policy to encourage the rapid and sustained deployment of renewable energy. There are several 
different ways to structure a FIT policy, each with its own strengths and weaknesses. This paper 
presents an overview of seven different ways to structure the remuneration of a FIT policy, divided into 
two broad categories: those in which remuneration is dependent on the electricity price, and those that 
remain independent from it. This paper examines the advantages and disadvantages of these different 
FIT models, and concludes with an analysis of these design options, with a focus on their implications 
both for investors and for society. 

1. Introduction 

Feed-in tariffs 1 are increasingly considered the most effective 
policy at stimulating the rapid development of renewable energy 
sources (RES) and are currently implemented in 63 jurisdictions 
worldwide (Klein et aI., 2008; Ernst and Young, 2008; Mendon~a, 
2007; lEA, 2008; European Commission, 2008; REN21, 2009). 
They have consistently delivered new renewable energy (RE) 
supply more effectively, and at lower cost, than alternative policy 
mechanisms (Menanteau et aI., 2003; Ragwitz et aI., 2007; Stern, 
2006; Lipp, 2007: Butler and Neuhoff, 2008; de Jager and 
Rathmann, 2008: Fouquet and johansson, 2008; lEA, 2008). 
Indeed, according to a recent European Commission update on 
renewable energy pOlicies in the European Union (EU), "weI/
adapted feed in tariff regimes are generally the most efficient and 
effective support schemes for promoting renewable electridty" 
(European Commission. 2008). 

The central principle of feed-in tariff policies is to offer 
guaranteed prices for fixed periods of time for electricity 
produced from Renewable Energy Sources (RES). These prices 
are generally offered in a non-discriminatory manner for every 
kWh of electricity produced, and can be differentiated according 
to the type of technology. the size of the installation, the quality 
of the resource, the location of the project, as well as a number 
of other project-specific variables (Mendon~a, 2007; Fouquet and 
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Johansson. 2008: Langniss et aI., 2009). This enables a greater 
number of investors to participate. induding homeowners. land
owners, farmers, municipalities, and small business owners, while 
helping to stimulate rapid renewable energy deployment in a 
wide variety of different technology classes (Klein et aJ., 2008: 
lEA, 2008; tipp, 2007: REN21, 2009). 

In the most successful2 jurisdictions, the FIT payment levels 
offered to particular projects are determined as closely as possible 
in relation to the specific generation costs (Mendon~a, 2007; Klein 
et aI., 2008). More specifically, they are designed to make it 
possible for efficiently operated RE installations to be cost
effectively developed (RES Act. 2000; Fell. 2009). 

By baSing the payment levels on the costs required to develop 
RE projects, and guaranteeing the payment levels for the lifetime 
of the technology, FITs can significantly reduce the risks of 
investing in renewable energy technologies and thus create 
conditions conducive to rapid market growth (Lipp. 2007; lEA, 
2008). This structure provides a high degree of security over 
future cash flows, and enables investors to be remunerated 
according to the actual costs of RE project development. This 
security is particularly valuable for financing capital-intensive 
projects with high upfront costs, and a high ratio of fixed to 
variable costs (Guillet and Midden, 2009; see also Harper et at, 
2007). 

Ensuring that the FIT payments are adequate to recover project 
costs over the life of the project. while allowing for a reasonable 

2 Successful here means that substantial amounts of renewable energy 
deployment have taken place, in relation to the existing electricity supply 
portfolio. Examples of such jurisdictions include Germany, Spain, Portugal, and 
Denmark (REN21, 2009: BMU,2009). 
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return. remains one of the central challenges of a successful FIT 
policy (Klein et al.. 2008: Mendom;a.2007). 

2. FIT policy design: focus on remuneration models 

Beyond ensuring the FIT payments are adequate to cover 
project costs. experience has shown that the specific design and 
stability of the remuneration scheme is essential to efficient and 
well-functioning FIT policies. and crucial to maintaining investor 
confidence (Ragwitz et al.. 2007; Held et al.. 2007; European 
Commission. 2008; Dinica. 2006). However. a survey of the 
different jurisdictions that currently employ FIT policies for 
renewable energy development reveals that there are many 
different ways to str,ucture the remuneration of a feed-in tariff 
policy. and that different jurisdictions have had varying degrees 
of success (European Commission, 2008; Langniss et aI., 2009; 
Klein et al.. 2008; REN21 , 2009). This paper focuses on seven 
models that are in use in different jurisdictions around the world, 
with a particular focus on their impacts on overall renewable 
energy investment risk. Each subsection explores a different 
policy design option, drawing on particular examples to show 
where each particular design has been. or is being. used. 

It is important to note that these policy design options are not 
mutually exclusive; they can be used in conjunction with one 
another as policies are tailored to a jurisdiction's specific context 
and needs. These different policy options represent different ways 
of structuring the way in which feed-in tariff poliCies remunerate 
renewable energy developers for the electricity they produce. 
Properly deSigning the remuneration scheme so that it offers 
sufficient investment security, and a reasonable return on 
investment. is essential to leveraging significant amounts of 
capital for renewable energy development (see lEA. 2008; Dinica, 
2006). 

As renewable energy continues to develop to meet the 
combined challenges of mitigating climate change, increasing 
energy security. and redUCing exposure to fossil fuel price 
volatility. it is expected that FIT policies will continue to be used 
as a policy option to drive renewable energy development. This 
focus on the design of FIT payment models provides a focused 
perspective on FIT policy design. one that sheds light on the way 
FIT payments can change over a project's lifetime, and the way in 
which these changes can influence investor confidence and the 
pace of RE deployment. 

3. Market-dependent vs. market-independent FIT models 

A central difference between feed-in tariff policies is whether 
the remuneration they offer to renewable energy developers is 
dependent or independent from the actual electricity market price 
(Klein et al.. 2008). Market-independent FIT policies are generally 
known as fixed-price pOlicies. since they offer a fixed or minimum 
price for electricity from RES delivered to the grid (Mendonr;a. 
2007; lEA. 2008). Market-dependent FIT policies are generally 
known as premium price pOlicies. or feed-in premiums. since a 
premium payment is added above the market price (Mendonr;a. 
2007; lEA. 2008). This premium can be designed either to 
represent the environmental and social attributes of renewable 
energy. or to help approximate the generation costs of different 
RE technologies (Ragwitz et al .. 2007). 

The most commonly employed feed-in tariff policy option is 
the market independent. fixed-price option (European Commis
sion. 2008; Klein et al .. 2008). Fixed-price FITs typically offer a 
guaranteed minimum payment level based on the specific 
development cost of the technology for every kWh of electricity 

sold to the grid. Note that the final determination of the FIT 
payment can also be influenced by the public policy objectives of 
the jurisdiction.3 Furthermore, fixed-price FIT policies are gen
erally accompanied by a purchase guarantee (Mendonr;a, 2007: 
Fouquet and Johansson, 2008). 

In contrast. market-dependent FIT policies require that renew
able energy developers provide their electricity to the market. 
effectively competing with other suppliers to meet market 
demand (lEA. 2008); they then receive a premium above the Spot 
market price for the electricity sold (Langniss et aI., 2009; 
Mendonr;a. 2007).4 Under market-dependent FIT policies. pay
ment levels tend to rise in step with rising retail prices. and vice 
versa. In order to avoid windfall profits when average market 
prices rise, some jurisdictions have begun to implement caps and 
floors on FIT premium amounts to ensure that overall remunera
tion remains within a reasonable range without placing undue 
burden on ratepayers when market prices increase. For instance, 
Spain has recently adopted both a cap and a floor for its premium 
amounts (Spanish Royal Decree 661/2007). and similar proposals 
have been made for Germany, though they have not 'yet been 
adopted (Langniss et aI., 2009; Diekmann. 2008), 

In order to allow greater investor choice. some jurisdictions 
offer both the fixed price and the premium price option to 
renewable energy developers, leaving them the choice to decide 
which policy option is best suited to their individual risk appetite 
and investment modeLS However. the added transaction costs of 
marketing one's electricity on the spot market arguably make 
the premium price option better suited to larger market 
participants. rather than individual homeowners or community
based investors. 

4. FIT policy design options 

Seven different ways to structure market-independent and 
market-dependent remuneration schemes are examined here. 
discussing four in the former category and three in the latter 
category. on the basis of experience from a number of jurisdic
tions across Europe and North America. A brief analysis will 
accompany each model. focusing in particular on each model's 
impact on investment risk, analyzing the main strengths and 
weaknesses of these different ways of structuring FIT poliCies. 

4.1. Market-independent FIT policies 

In market-independent FIT policies, the first and most basic 
option is to establish a fixed, minimum price at which the 
electricity generated from RES will be bought for a contracted 
period of time. and to leave that price fixed for the duration of the 
contract. irrespective of the retail price of electricity (Fig. 1). 
The fixed price model therefore remains independent of other 
variables. such as inflation. the price of fossil fuels. etc. and can be 
determined in a project-specific manner in relation to the cost of 
developing each renewable energy resource.6 

3 For instance. this could include consideration of what the targeted rate of 
return should be. or whether the FIT payments should be designed aggressively or 
conservatively. For instance. Fell (2009) states that Germany targets a rate of 
return of 7%. while Gonzalez (2008) refers to Spain targeting returns of 5-11% 
depending on the technology type. 

4 The possibility of signing bilateral contracts is also allowed in jurisdictions 
like Spain. 

5 Spain. the Czech Republic, and Slovenia each offer both the premium and the 
fixed tariff option (Klein. 2008). 

6 In these projections. it is assumed that retail prices for electricity will trend 
upward due to increases in the prices of commodities, fossil fuels. and the 
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Fig. 1. Fixed price model for FIT policy design. 

The fixed price model offers the purchase price required to 
encourage investment in RES, leaving the tariff unchanged for the 
duration of the contract term (Fouquet and Johansson, 2008; 
Langniss et aI., 2009). In order to ensure that these payments 
adequately cover project costs, significantly higher payment 
levels are currently offered for solar photovoltaic systems, for 
instance, than for onshore wind power. 

Germany continues to employ the basic fixed price model it 
launched in 2000, opting not to adjust for inflation in the payment 
levels it offers to renewable energy developers (RES Act, 2000, 
2004, 2008), Germany compensates for the absence of external 
inflation adjustment by including it in its assumptions as part of 
its tariff calculation methodology (BMU, 2007). These guaranteed 
payment levels encourage aggressive rates of deployment by 
offering sufficiently high revenues in the early years, while 
diminishing the marginal rate impact of the payments in later 
years. 

One of the consequences of the fixed price model is that 
because the price is set at a flat rate, it neglects inflation and 
variations in the consumer price index (CPI). which will tend to 
lead to a gradual decline in the real value of renewable energy 
developers' revenues (Fell. 2009). In other words, if the purchase 
price offered to developers does not change in some way to track 
changes in the broader economy, the actual value of the revenues 
obtained will tend to decrease over time. 

On the other hand, since the purchase price is known in 
advance, while inflation can never b~ known in advance with 
certainty. the fixed price model still provides a reliable formula 
to calculate future project revenues, if not their precise value. 
In addition, the basic fixed price model also leaves open the 
possibility of offering special price premiums above the minimum 
price targeted at specific attributes, such as higher efficiency 
systems, the use of particular waste streams, or innovative 
technologies (e.g. RES Act, 2008). Other modifications to the basic 
fixed price model can be included as well, depending on the 
specific policy goals of the jurisdiction. 

As long as the fixed payment levels are guaranteed for a 
suffiCiently long period of time (usually for the duration of the 
operational life of the technology), and are methodologically 
based on the costs of generation, they are likely to provide 
adequate investment security to attract investor interest. In this 
way, the basic fixed price model can be designed to ensure that 
investments in renewable energy will be profitable by creating a 

(footnote continued) 
expansion of carbon legislation, which will directly or indirectly target a 
significant portion of the existing capital that supplies the world's electricity. 
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Fig. 2, Fixed price model with full or partial inflation adjustment. 

stable and reliable investment environment, one that provides 
predictable revenue streams over the course of the project's life. 

The second feed-in tariff policy option is the fixed price model 
with full or partial inflation adjustment (Fig, 2) Inflation adjust
ments guard renewable energy developers against a decline in the 
real value of project revenues by tracking changes in the broader 
economy. 

Methodologically, it is worth noting that inflation adjustment 
can be done in a number of different ways, Some jurisdictions do 
so according to a pre-established formula that readjusts the entire 
tariff price to inflation, calculated on an annual basis (e.g. Ireland, 
2006). Others offer this adjustment only to a portion of the tariff 
price, where the inflation adjustment is added on a percentage of 
the base tariff offered (e.g. Ontario Power Authority, 2006). And in 
some cases, inflation adjustment is calculated by adjusting for 
inflation fully, minus a certain number of basis points (e.g. 
Spanish Royal Decree 661/2007). Finally, inflation can be adjusted 
annually or at every quarter.7 

In addition to employing different methodologies, different 
jurisdictions offer varying degrees of inflation adjustment to 
renewable energy developers. For instance, the Canadian province 
of Ontario offers an inflation adjustment on a 20% portion of the 
base price of electricity for all eligible technology types, with the 
exception of solar (Ontario Power Authority, 2006), This 20% 
adjustment is offered over the course of 20-year contract terms 
for wind, biomass, and hydroelectric projects. 

France, on the other hand, offers to track inflation according to 
a formula that allows an adjustment that ranges from 40% to 100% 
of the base price of electricity depending on the technology type, 
while Ireland offers full, or 100%, inflation adjustment for 
renewable energy projects (France, 2006; Ireland, 2006).8 Finally, 
Spain adjusts fully for inflation, minus a few basis points, 
depending on the technology type (Spanish Royal Decree 661/ 
2007; see also Gonzalez, 2008). Each of these jurisdictions 
represents a different approach to the calculation of inflation 
adjustments in feed-in tariff rates. and provides a means of 
tracking changes in the broader economy. 

A consequence of a high level of inflation adjustment is that it 
is more likely to secure a high level of remuneration near the end 
of a project's life. when capital costs are generally paid for, and 
most of a project's revenues are effectively profits. It could be 

7 In the Spanish Royal Decree 661/2007, the tariff adjustments are either done 
on quarterly terms, or every year, on the basis of changes in the CPI, and relative 
changes in the price of coal. For certain technology types, tariffs are not adjusted 
fully for these changes, allowing for a slight depreciation in the real value of 
projeC[ revenues. 

• For France's (2006) renewable energy law as it applies to wind power, see 
< http://www.industrie.gouv.fr!energie/elecrric!pdfjtarif-achat-eolien.pdf) 
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argued that this puts an undue burden on the electricity ratepayer 
in the long term, by requiring continually high payments until the 
end of the contract term. It should also be noted that the 
provisions surrounding inflation adjustment are likely to be more 
consequential in jurisdictions where inflation rates are compara
tively high. 

On the other hand, tracking inflation in the FIT payments can 
provide greater value for investors than the basic fixed price model. 
This could help encourage risk-averse investors to invest in RES, due 
to the high degree of security offered by the guaranteed payment 
structure, and the added protection against changes in the CPI. In 
spite of the fact that FIT prices under this model escalate over time, 
this model may also be easier to implement politically due to the 
lower initial tariff prices. Finally, the practice of adjusting the long
term purchase price is also consistent with common practice in 
utility Power Purchas~ Agreements (PPAs). Thus, not adjusting for 
changes in the CPI could be considered a break with traditional 
utility procurement policy. 

The third feed-in tariff policy design option examined here is 
the front-end loaded model (Fig. 3).9 In this model. higher 
payments are offered in the early years than in the later years, 
effectively skewing the cash flows in favor of the earlier years of 
the project's life. 

An example of front-end loading is implemented under 
the State of Minnesota's Community-Based Energy Development 
(C-BED) policy (State of Minnesota. 2007). This policy offers a 
higher tariff for the first 10 years of the contract term, while 
offering a lower tariff for the remaining 10 years. In the wake of 
new changes to the State's C-BED program. renewable energies 
other than wind are accepted. and each will receive the higher 
initial payments under the front-end loading policy (State of 
Minnesota, 2007). 

Another example of the front-end loaded tariff design is 
Slovenia's FIT policy. In Slovenia, both tariffs and FIT premiums 
drop by 5% after the first 5 years of the project's life. dropping 
further to 10% below the initial tariffs and premiums after 10 
years (Held et al.. 2007). This differentiation reduces the long-run 
costs of renewable energy supply, and reflects the declining costs 
that a project developer has to pay over time. 

In a different approach to a front-end loaded design, countries 
like Germany. France. Cyprus, and Switzerland employ a variant 
on this design to adjust FIT payments according to resource 
quality (Klein et al.. 2008; Swiss Federal Energy Office, 2008). 
In these examples. which currently apply only to wind power. a 
higher payment is offered for an initial period of time (typically 
ranging from 5 to 10 years). after which the payment is adjusted 
downward. 

This model has been implemented in one of two ways: in the 
first approach. projects with lower electricity production in 
relation to a common benchmark receive the higher initial 
payments for a longer period of time. This model is currently 
employed in Germany and in Switzerland (RES Act. 2008; Swiss 
Federal Energy Office, 2008). In the second approach, the per-kWh 
payments are adjusted downward for the remainder of the 
contract period based on the number of annual full load hours lO 

9 This design option is placed in the category of "stepped tariff designs" in 
Klein et al. (2008). Ragwitz et al. (2007). and Mendon~a (2007) among others. 
However. in these analyses. the term "stepped" is used inclusively to refer to a 
wide range of tariff differentiations. including by resource quality. project size. as 
well as fuel type. The terminology of "stepped tariff designs" is avoided here to 
avoid confusion with these other design options. and to focus more specifically on 
policy designs in which revenues are structured to be higher in the earlier years 
than in the later years. 

10 The term "annual full-load hours" refers to the hypothetical number of 
hours in which a wind turbine would need to operate. if it were operating at full 
capacity. to produce its total annual production. 

$ 

1--------- - - --------------------------

-- Feed~n Tariff 
- - - Retail Price 

Fig. 3. Front-end loaded tariff mode!. 

in which the project generated power. Projects with higher full 
load hours of production receive a lower payment after the initial 
period of time, based on a linear function of annual full load 
hours. This model is currently employed in France and in Cyprus 
(France,2oo6; I(lein et aI .. 2008). 

The primary reason for introducing this variant on the front
end loaded design is to avoided overcompensation for the projects 
at the windiest sites. thereby reducing the overall costs of the 
policy over time. Further reasons include reducing balancing costs 
through greater geographic dispersion of projects, to increasing 
the opportunities for different regions to participate in RE 
development. to promoting greater siting flexibility (Mendon~a, 
2007; BMU, 2007). 

Shifting project revenues to the earlier years of a project's life 
risks putting greater near-term upward pressure on policy costs. 
as higher initial payments must be made in the initial years of 
production. This can make the policy seem more costly in the 
early years. In addition, when used to adjust for resource intensity 
(as in France. Germany, Cyprus. and Switzerland), this model 
ends up offering higher average FIT payments to projects in less 
windy areas. This can put upward pressure on the costs of RE 
development, while working against the principle of comparative 
advantage, which would suggest that the most productive sites 
should be tapped first. 

On the other hand. there are a number of advantages of the 
front-end loaded policy design. First. it enables project operators 
to benefit from higher revenues streams when they are needed 
most (i.e. during the period in which the loans and/or equity 
investors are being repaid), while leaving lower revenues, and 
therefore diminished impact on retail electricity prices. in the 
later years of a renewable energy project's life. This approach 
enables renewable energy developers to receive the same total 
revenue they would receive through a fixed price policy, while 
allowing for proportionally higher net profits through higher cash 
flows when interest payments are highest. This practice enables 
developers to payoff loans and/or equity investors more quickly, 
while retaining reliable revenue streams after debts are fully. or 
largely, paid back. 

The front-end loaded tariff design model, when used in this 
way, also has the advantage of offering predictable project 
revenues until the very end of the project's useful life, adding 
significant investment security by making the remuneration 
framework clear to all investors at the outset. 

Alternatively. when used to allow FIT payments to be 
differentiated according to resource intensity, as in the case of 
wind power in Germany. France. Cyprus, and Switzerland among 
others. this strategy can reduce the risks of overcompensation at 
the windiest sites. while providing a number of benefits for grid 
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operators and project developers, in addition to facilitating 
participation for local communities. 

The fourth policy model considered is the spot market gap 
modei. ll In this model, the actual FIT payment is comprised ofthe 
gap between the spot market price and the required FIT price. As a 
result, the total remuneration is a fixed price consisting of the 
sum of the spot market price and the variable FIT premium, 
which, when combined, make up the total FIT payment (Fig. 4). 
Naturally, offering technology-specific payment levels will 
require that different technology classes be awarded a different 
marginal payment. 

In this policy model, if the market price goes up the FIT 
premium declines, and vice versa. For this reason, this model 
could have been classified within the market-dependent category, 
but from a producer perspective, it is arguably closer to the 
market-independent model, because the remuneration level 
remains fixed. 

A variant on this policy is currently implemented in the 
Netherlands. In this approach, instead of the added marginal costs 
being passed on to electricity customers, they are covered by 
government subsidy (Van Erck, 2008). As a result, this model 
shifts the added marginal costs of promoting renewable energy 
deployment from the ratepayer to the taxpayer, since the gap 
between the market price and the tariff price is paid directly from 
government coffers. 

This policy model broadly follows the principle mentioned 
at the outset that is common to the most successful FIT policies, 
that of cost-covering compensation (Fell, 2009: see REN21, 
2009), except that instead of the difference being covered by 
the ratepayers, where costs are integrated into the electricity rate 
base, the respective top-up is paid by government subsidy.12 As a 
result, each allowable technology class is granted a different 
budget amount, according to the desired quantity of renewable 
energy development in each class (Van Erck, 2008). 

The advantages and disadvantages of passing on the costs to 
tax payers versus ratepayers are considered first, followed by a 
brief evaluation of the spot market gap model itself. 

First, there are a few disadvantages to covering the costs 
through government treasury. Due to the fact that the resource 
development is contingent on a specific budgetary allocation, 
there is the further risk that the budget will be exhausted, or fail 
to be renewed, by the time a proposed project begins supplying 
electricity to the grid. In addition, since FIT payments under the 
Netherlands' model depend on the continuation of government 
subsidy, projects in this policy environment are arguably riskier to 
develop than under other FIT policies that integrate the cost 
of new renewable energy into the rate base. The lack of ratepayer 
backing increases the counterparty risk, which could put upward 
pressure on the required returns. 

Finally, if the policy is successful, this is likely to increase the 
budgetary commitment required, further jeopardizing the long
evity of the policy framework. In addition to hindering RE project 

11 The term "spot market gap model" is being used to remain consistent with 
usage adopted by the National Renewable Energy Laboratory in a forthcoming 
report. 

12 Note that unlike the previous market-independent FIT models, the Dutch 
model retains the possibility that the FIT price can be influenced by the market 
price. If the electricity market price drops below 2/3 of the expected long-term 
market price. thereby increasing the required subsidy, the latter drops with the 
average market price, thereby diminishing the generator's remuneration until 
market prices increase again above 2/3 of the stated prOjection (Van Erck,2(08). 
This nuance is introduced to slow down the rate at which the assigned budget 
allocation is depleted in the event that market prices drop unexpectedly and the 
gap between market prices and renewable energy prices increases significantly. 
This introduces a supplementary risk that renewable energy developers must 
factor into their investment decisions. 
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Fig. 4. Spot market gap model. 

development, these added uncertainties are also likely to 
influence whether or not associated manufacturing investments 
take place, as these, even more than project-level investments, 
require a stable and reliable policy framework (Fell, 2009).13 

The role of these uncertainties on dampening investor 
confidence can be significant, and can play a decisive role in 
determining the actual amount of renewable energy investment a 
jurisdiction attracts, and at what price. 

On the other hand, covering the difference by government 
subsidy means that no impact will be felt on electricity rates, and 
hence, on economic competitiveness. In other words, by subsidiz
ing the renewable energy development through the taxpayer, 
electricity rateS remain uninfluenced. Furthermore, in the event 
that the fossil fuel prices (which typically determine the marginal 
cost of electricity generation) increase, the average marginal 
subsidy required for every new kWh into the system would tend 
to decline as well, up to a point where no subsidy will be required. 
The burden of the financial risk is thus taken by the government, 
which must ensure adequate budgetary allocations in order to 
fulfill its contractual obligations to renewable energy developers. 
It should be noted that this policy model could also be designed to 
pass added marginal costs onto ratepayers, much like the other 
options examined thus far. 

Turning to an evaluation of the spot market gap model itself. if 
electricity generators have to market their own power on the spot 
market, this could increase the burden on smaller developers, and 
could put them at a disadvantage. Due to the added transaction 
costs of selling one's electricity on the spot market, it may not 
be a suitable model for smaller project developers, such as 
homeowners, community groups, and farmers. Even though they 
may still receive the same total sum of payments, this added 
requirement could increase the likelihood that smaller projects 
will be disadvantaged in relation to larger ones. 

On the other hand. the spot market gap model arguably 
increases the "market integration" of renewable energy sources, 
by requiring them to participate within existing electricity 
markets. This market participation can increase renewable energy 
sources' compatibility with existing electricity markets, while 
potentially reducing the transaction costs for the purchasing 
utilities. And unlike the full-fledged premium price options 

13 The risks of funding a FIT through government budgets was recently 
highlighted by Spain. which funds a portion of the FIT through tax revenues. 
Following an unexpected surge in project development in 2007-2008, Spain had to 
drastically reduce its FIT payments to solar PV projects, and impose caps on annual 
installed capacity for this technology (Wang. 2009). This surge in pV projects put 
unexpected pressure on government coffers, and forced a drastic revision in the 
policy. which significantly increased the risk perception of Spain's RE policy for 
investors and manufacturers (Wang, 20(9). 
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explored below. this model retains the purchase obligation. which 
further increases investor security. 

In addition, the transparency of the spot market gap payments 
enables total policy costs to be more readily calculated over time. 
as the sum of the premium payments. This transparency could 
also help facilitate cost sharing between utilities operating in 
different areas of one jurisdiction. 

4.2. Market-dependent FIT pOlicies 

Following the presentation of the four different options for 
market-independent FIT policies. this section presents three 
different types of market-dependent FIT policy options. 

The first market-dependent feed-in tariff policy option exam
ined here. the premi~m price model. offers a constant premium 
or bonus over and above the average retail price (Fig. 5). 
The premium can be designed either to reflect the environ
mental and social attributes of renewable energy. or to 
approximate RE project costs. 

To date premium price policies generally operate in deregu
lated electricity markets where the retail price for electricity 
fluctuates continually according to fuel costs. as well as supply 
and demand factors. With the premium price remuneration 
scheme. the price paid to the renewable energy developers 
fluctuates according to the market price of electricity at the time. 
In this way. renewable energy producers are remunerated more if 
market prices go up. and less if market prices go down. all 
else being equal. Similar to fixed-price poliCies. the premium 
amounts can be differentiated according to technology type. and 
project size, allowing a diversity of renewable energy projects and 
technologies to be profitable (see Spanish Royal Decree 661/2007; 
Held et al.. 2007). 

Due to the fact that the premium amount is awarded on top of 
a variable market price. there is a greater risk that payment levels 
will be either too high, or too low, which can have negative 
consequences for market growth. investor security. and for 
society at large (Klein et al.. 2008). In particular. a number of 
analyses have shown that on average. premium price policies 
have been found to be more costly per-kWh than fixed-price 
policies (Ragwitz et al.. 2007; Held et al.. 2007; Mendon<;:a. 
2007).This higher cost is reflected in a risk premium that ranges. 
in Europe. from 1 to 3 Euro cents/kWh (Ragwitz et al .. 2007). 

This appears to be partly to compensate for the added risk. and 
partly due to the greater likelihood of divergence between the total 
remuneration and actual project costs (see Langniss et al.. 2009). In 
addition. premium price policies do not typically offer a purchase 
guarantee. which can increase the risks for project developers. 
putting further upward pressure on the required returns. 

$ 

-- Feed-In Tariff 
- - - Retail Price 

Fig. 5. Premium price model. 

On the other hand. it has been argued that premium price 
policies are more compatible with competitive (or deregulated) 
electricity markets than fixed-price FlTs (Langniss et al.. 2009; 
Ragwitz et al .. 2007; Held et al.. 2007: Klein et al.. 2008). In premium 
price policies. electricity is sold on the spot market. rather than 
through guaranteed. long-term contracts. Furthermore. by allowing 
the total remuneration to rise when electricity prices increase, they 
can create an incentive to produce electricity when it is needed 
most. Improving the alignment between supply and demand in this 
way can therefore help improve the integration of RE electricity into 
the electricity system. while providing added benefits for grid 
operators and society (Langniss et al.. 2009). 

The premium price model is currently offered as an option in 
the Czech Republic. Slovenia. Estonia. Denmark. and Spain. though 
the latter has recently moved to a more sophisticated variable 
premium price policy. which will be examined next (Klein. 2008). 

Recently. Spain introduced a variable premium FIT policy design 
that includes both caps and floors into its FIT policy structure, 
effectively allowing the premium to vary as a function of the 
market price (Fig. 6). In this model. the premium amount declines 
in a graduated way until the retail price reaches a certain level. at 
which point the premium declines to zero. and the producer 
receives the spot market price (Spanish Royal Decree 661/2007). 

In this representation, the higher line on the graph represents 
the development of the total remuneration (premium+market 
price) that an electricity producer would receive (y axis). 
depending on the current market price (x axis). As electricity 
prices increase (on the x axis). the premium amount declines. 
Thus. the lower line represents the development of the premium 
amount awarded. as it acts to keep the remuneration between the 
"bottom" and the "top" limit indicated. As shown in the graph. if 
the market price approaches zero, the premium increases to make 
up the difference. until the premium represents the entire 
remuneration offered. This is effectively the floor. or "bottom" 
limit that this model guarantees for RE producers. With regards to 
the "top" limit, this is the upper limit on remuneration that can 
be supported by the premium-any higher than this. and the 
premium falls to zero. and the producer simply receives the spot 
market price. 

This variable premium model is designed partly to minimize 
windfall profits in the event that retail prices rise unexpectedly. 
and partly to introduce a greater degree of investment security in 
the event that market prices drop (Gonzalez. 2008). It does this by 
introducing a "corridor" within which the premium amount 
fluctuates (Langniss et al.. 2009). This can help keep actual 
remuneration more closely aligned with project costs. 

Premium + 
Market Price 

Premium 
Amount 

MiI~etPrice 

Fig. 6. Variable premium FIT policy design. 
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Although this policy option is more complex to design than the 
premium price model examined above. and despite the fact that it 
also does not offer a purchase guarantee like the fixed price 
models examined above, it has a number of advantages over both 
the constant premium price and the fixed price designs. 

First, the variable premium model allows payment levels to 
more accurately reflect renewable energy technology costs over 
time. Although payment levels are still dependent on market 
prices, they are no longer linearly dependent; this retains the 
incentive to generate electricity in times of high demand, while 
mitigating volatility in the project's revenue streams. Second, the 
variable premium model also has the advantage of reducing the 
risks for investors by providing a floor on the minimum payment 
price, while reducing the risks for society by introducing a cap on 
the total premium price. This latter innovation will also help 
reduce costs to society by reducing the chances of excessive 
remuneration when market prices increase, while the former 
provides protection against unexpected drops in electricity prices. 
Thus, the cap and floor structure addresses a disadvantage of the 
constant premium price model examined above. 

The variable premium model therefore retains a number of the 
advantages of premium price designs, while avoiding some of the 
pitfalls. It represents a more market-compatible FIT design that 
simultaneously provides the necessary protections against both 
upward and downward price movements, reducing risks both for 
society and for investors. 

The seventh and last feed-in tariff policy option discussed here 
is the percentage of the retail price model, which establishes a fixed 
percentage of the retail price at which the electricity from RES will 
be purchased (Fig. 7). Note that this percentage can establish the 
FIT price to be either above, equal to, or below the average market 
price. 

Under this model, the total remuneration paid to renewable 
energy producers is entirely dependent on changes in the market 
price for electricity. This means that if prices increase suddenly, 
RE producers are likely to benefit from sudden windfall profits, 
while if they decrease suddenly, they are likely to fall short of the 
revenues required to ensure profitability. This exposure to market 
volatilities that have no immediate relationship to RE generation 
costs makes this policy option significantly more risky from a 
producer's perspective, as cash flows are no longer primarily 
contingent on efficient project operation, but instead on un
controllable factors in conventional energy markets. 

The percentage of retail price model was used in Germany and 
in Denmark in the 1990s to drive wind development, as well as in 
Spain between 2004 and 2006 Uacobsson and Lauber, 2006; 
Nielsen, 2006; Gonzalez, 2008). 

From 1991 to 2000, Germany's renewable energy policy 
employed a percentage of the retail price model, which proved 

$ / , .. 
, t 

V 

-- Feed~n Tariff 
- - - Reta~ Price 

Fig. 7. Percenrage of retail price model. 

effective at promoting large wind development in Germany at 
that time (see RES Act, 2000). The price paid for renewable energy 
was established as a maximum of ninety percent (90%) of the 
retail electricity price. depending on the project size and 
technology type (Germany. StrEG 1990; Jacobsson and Lauber, 
2006). Denmark also had a percentage of retail price policy, 
though it was established at eighty-five (85%) percent of the retail 
price (Lipp, 2007). while Spain's established percentages that 
ranged from 80% to 575%, depending on the technology type and 
project size (Spanish Royal Decree 436/2004; Gonzalez, 2008). 

Germany abandoned its percentage-based model in 2000 
(RES Act 2000; see also Jacobsson and lauber, 2006), while 
Denmark followed suit in 2001 (Lipp, 2007; Mendon\a et aI., 
2009). Finally, Spain also abandoned the percentage-based 
approach in 2006, making way for its current FIT framework, 
outlined in its Royal Decree 661/2007 (Gonzalez,2008). 

There are a number of different reasons why FIT policies 
designed as a percentage of the retail price have fallen into 
disfavor. In Germany, the change to a fixed-price model based on 
RE project costs was made to increase investor security through 
more stable prices, accelerate RE development, and improve 
technological diversity (RES Act, 2000). There were other features 
of the Germany's 1990 RE law that needed to be amended, and the 
2000 legislation provided the opportunity to revise the percen
tage-based policy design while addressing a number of other 
issues, such as the need for a mechanism to distribute costs 
to different geographic areas. In Denmark, the changes were 
driven largely by a desire on the part of the new government to 
move toward what was believed to be a more "market-based" 
support mechanism, one that would make use of tradable green 
certificates, and to a decline in government interest in renewable 
energy (Mendon\a et aI., 2009). Finally, in Spain the percentage
based model was abandoned primarily due to concerns over costs, 
as the percentage-based payments led to highly volatile payments 
when electricity increased in 2005-2006 (Gonzalez, 2008). 

For these and other reasons, percentage-based FIT policies 
are unlikely to be used again in a comprehensive manner to 
encourage renewable energy development. However, they were 
an important part of the policy learning process that has led to 
newer, more effective, and more sophisticated FIT policy designs. 

5. Analysis of market-independent and market-dependent FIT 
policies 

Experience with different approaches to feed-in tariff policy 
design has helped provide a base of evidence from which certain 
general conclusions can be drawn. As explored above, there are 
different advantages and disadvantages to each of these different 
design options and some of them can have significant impacts on 
the market growth that occurs, as well as on the per-kWh costs of 
electricity generated from RES. This section provides an analysis 
of market-independent FIT models with a focus on the basic fixed
price design, followed by an analysis of market-dependent FIT 
models with a focus on premium price designs. This helps 
highlight the main differences between these two approaches to 
designing FIT remuneration. 

5.1. Analysis of market-independent options 

This section considers first the disadvantages of market
independent FIT designs, followed by an analysis of their 
strengths. 

First, it has been argued by some authors that fixed price FITs 
in which the remuneration remains independent from prevailing 
electricity prices distort competitive electricity prices (Lesser and 
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Su, 2008). This distortion arises because the purchase prices 
offered under fixed-price FITs remain fixed over time, regardless 
of electricity market price trends. This means that even if 
conventional prices decline dramatically. or any other reasons 
that may lead to lower overall electricity prices, RE producers wiIl 
continue to receive the guaranteed prices, leading to higher prices 
for electricity customers, and thus to an alteration of what the 
"real" market price would be otherwise. 

Second, it is also argued that fixed price FITs ignore prevailing 
electricity demand. offering the same prices regardless of the time 
of day at which electricity is supplied (Langniss et aI., 2009).14 
This indifference to the time of day can increase costs for utilities 
and ratepayers, as electricity may be supplied from RE sources 
when demand is low, which means lower marginal cost genera
tion options ,have to be'scaled back. 

On the other hand. since the payment levels are pre
determined and guaranteed under the market-independent 
models. they tend to offer greater investment security by allowing 
more reliable and predictable revenue streams for developers. 
This greater stability should lead to higher growth rates in 
markets with fixed price policies, due to the lower overall risks. 
This has been shown in jurisdictions that have implemented 
stable. fixed-price FIT policies such as Germany. 

Indeed. since 2000 the RES Act has raised the share of RE 
sources within Germany's electricity mix from 6.3% of final 
electricity consumption to 14.8% in 2008. leading to an increase in 
non-hydro RE generation from 9.2 TWh at the end of 1999 up to a 
total of 70.5 TWh by the end of 2008 (BMU, 2009). Expressed 
in terms of installed capacity, this represents an addition of 
over 4900 MW of grid-connected solar PV capacity and over 
19000 MW of wind power between 2000 and 2008 (REN21. 2009; 
BMU, 2009; Global Wind Energy Council, 2009). These policy 
outcomes are frequently attributed to the high level of investment 
security prOvided by Germany's FIT framework. which represents 
perhaps the most widely recognized and commonly cited 
example of a successful FIT policy. 

In addition to helping foster market growth. the higher 
investment security created under market-independent models 
is likely to enable investors to obtain a lower cost of capital. which 
can help lower the costs of renewable energy deployment 
(de Jager and Rathmann. 2008). This greater security is also likely 
to attract a greater diversity of investors (private. corporate, 
institutional, community-based. cooperative. etc.). due to the 
more secure contract terms and the greater transparency of the 
remuneration scheme (Lipp. 2007; see also Dinica, 2006; 
Mendonc;a et aI., 2009).This is reflected perhaps most clearly in 
the high levels oflocal ownership found in countries like Germany 
(lipp. 2007). 

The greater stability of the revenue streams is also likely to be 
more suitable for emerging technologies. which may not be able 
to absorb the fluctuations in project revenues as readily as larger 
and more well-established technologies. 

Furthermore. the fact that market-independent FIT policies are 
decoupled from market volatilities can confer a significant risk
hedging advantage on electricity generated from RES. one that is 
only fully captured if the price paid for them is fully decoupled 
from prevailing electricity prices. 

14 Note that some jurisdictions. such as Hungary, Slovenia, and Spain have 
begun to offer time-differentiated FIT prices within their fixed-price FIT policies, 
They do so by creating a graduated tariff structure, according to which the fixed 
prices offered increase in a step-like manner during certain hours of the day 
according to a pre-established formula (Klein et at, 2008). This creates an 
incentive to generate electricity in times of high demand for technologies that are 
able to adapt their supply in this way. 

5.2. Analysis of market-dependent fiT policies 

First, this section considers the disadvantages of market
dependent FIT designs before turning to an analysis of their 
strengths. 

Recent analyses have shown that market-dependent policies 
that make use of premium payments over the market price have 
resulted in higher overall renewable energy deployment costs. 
and therefore. in higher per-kWh costs for each unit of renewable 
electricity generated (Klein et al.. 2008; Ragwitz et al.. 2007; Held 
et aI., 2007). As noted earlier, a risk premium of 1-3 Euro centsl 
kWh can be observed under premium price designs (Ragwitz 
et al.. 2007). This means that market-dependent FIT policies have 
a lower cost-efficiency than fixed price policies based on the cost 
of generation (see lEA, 2008). 

Due to the fact that electricity retail prices cannot be reliably 
predicted in advance. particularly over a period of 10-20 years. 
the premium price policy creates greater uncertainty for investors 
and developers because the future payment levels are not known 
in advance, This uncertainty is an important consideration for 
projects in which the majority of the costs are borne up front in 
paying for technology. and amortized over periods of 15 years or 
more, This also presents difficulties for smaller investors or 
community-owned projects, both of which require more stable 
and predictable revenue streams to obtain project financing. 

According to Mendonc;a: 

The risk for the (renewable energy] producers is larger in the 
case of the premium [market-based) option. because the total 
level of remuneration is not determined in advance and there 
is no purchase obligation as is typically the case with the fixed 
option. Therefore the remuneration of the premium option has 
to be higher than the one of the fixed tariff option in order to 
compensate the higher risk for [renewable energy] producers 
(if the same investments in new installations are to be 
achieved) (Mendonc;a. 2007, p. 98). 

This could make premium price policies less appealing for a 
jurisdiction that is hoping to achieve a higher degree of cost
efficiency with its policy in order to minimize the costs to 
ratepayers, 

A further consequence of pegging renewable energy prices to 
market prices is that any potential reduction in market prices 
created by large increases in RES is lost. In this case. the total 
remuneration offered to RE developers not only tracks electricity 
price increases, but risks exacerbating them. The problem of over 
or under compensation for renewable energy projects remains 
under the premium option as long as the premium offered 
remains fixed, This is one reason why certain jurisdictions such as 
Spain are beginning to move away from fixed premiums. 
and toward variable premium designs (Spanish Royal Decree 
661/2007; see also Held et a\.. 2007). 

On the other hand. market-dependent policies like the 
premium option also have some clear benefits, Although they 
are not accompanied by a purchase obligation, they have other 
features that arguably make them more compatible with 
deregulated electricity markets (Klein et al.. 2008; Langniss 
et al.. 2009). By letting the remuneration vary with market 
demand. an incentive is created to supply electricity to the grid in 
times of high demand. when prices are highest, This can create a 
more efficient electricity market, by encouraging supply in times 
when electricity is needed most. More speCifically. according to 
Klein et al.: 

The premium option shows a higher compatibility with the 
liberalized electricity markets than fixed feed-in tariffs, This 
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involves a better and more efficient assignment of grid 
costs, particularly as regards the management of the alter
native routings and supplementary services (Klein et at. 2008, 
pp.53-54). 

In addition. market-dependent FIT policies like the premium 
price model could be employed to help meet peak demand in 
jurisdictions where daily price volatility is common. and where 
the spread between peak and off-peak prices is Significant. 
Encouraging demand-sensitivity on the part of RE generators 
could help alleviate some of this price volatility by creating an 
incentive to supply power in times of high demand,ls which may 
provide benefits to both grid operators and society (Langniss et al.. 
2009). In addition, it can also be argued that market-dependent 
policies require a smaller degree of administrative intervention 
than fixed price policies, since only the premiums are set. rather 
than the entire payment amount (Gonzalez, 2008). 

However, as seen earlier. ifthe premium is a fixed quantity and 
market prices rise significantly. there is a considerable risk of 
overcompensation. This can lead to a less efficient market 
outcome, where prices are higher than necessary to encourage 
renewable energy market development. This could effectively 
undermine the gains in market efficiency offered by the premium 
price model. 

In response to this last challenge. some jurisdictions have 
begun implementing variable premium policies. as explored in 
Section 4.2. One of the strengths of the approach employing 
variable premiums is that it offers greater flexibility than fixed 
premiums. and can be structured in order to account for changes 
in market conditions. Without premiums that vary in relation to 
the market price, the gap between the costs of generation and the 
payment levels can increase significantly. potentially increasing 
the overall costs of the policy. 

Market-dependent FIT policies could also help create a more 
harmonized electricity market because renewable energy devel
opers are feeding their power into a competitive market place, 
effectively removing the difference between renewable and 
conventional electricity. In the long-term. this market integration 
could be desirable. as RE sources grow in market share. the 
external costs of conventional generation begin to be factored in. 
and renewable energy prices continue to move toward parity. 

6. Conclusion 

This paper provided an overview of various feed-in tariff 
remuneration models for electricity generated from renewable 
energy sources. An overview of the different models suggests that 
the different ways of structuring FIT payments have important 
impacts on investor risks. and overall rates of RE deployment. 
While fixed price policies that offer remuneration that is 
independent from prevailing electricity prices can help lower 
investment risks. premium price policies create incentives to 
generate electricity when it is needed most. which can alleviate 
peak supply pressures and improve the market integration of RE 
sources. 

IS Despite the advantages of demand sensitivity. it is important to note that 
this may not act as an incentive for some RES like wind power or solar pv. which 
are less able to correlate supply with the existing hour-by-hour demand. 
Naturally. this could create an incentive to equip facilities with some form of 
storage for wind energy (e.g. pumped storage. hydrogen. compressed air. etc.). or 
solar thermal storage for solar installations. which make it possible for electricity 
output to be modulated. and even dispatched. Absent these technological 
innovations. it is important to note that only RES that can directly control their 
supply like biomass. biogas. solar thermal, and small hydroelectric generators 
could profit from this incentive structure. 

Supplementary design options Such as inflation adjustment 
can provide added protection against depreciation in the value 
of project revenues; this can provide important investment 
security, and increase the number of investors willing to invest 
in RE projects. Designs such as front-end loading can allow the 
total FIT remuneration to be adjusted to offer higher payments in 
the early years which can help project owners to repay loans andl 
or equity investors more quickly; alternatively. it can provide a 
formula that allows project-specific data to be gathered during 
the early years of the project's life to inform the tariff level 
awarded during the later years. This design can reduce the 
pressure to get the prices "right" at the outset. by allowing the 
actual site-specific production to determine the final FIT payment 
offered. 

For a number of reasons, market-independent, fixed price 
models create greater investment security and lead to lower-cost 
renewable energy deployment than market-dependent models. 
This is primarily due to the lower risk investment conditions 
created, and the greater predictability of future cash flows. In 
addition, renewable energy development under market-indepen
dent AT policies can better harness the potential rate stabilization 
value of RE sources, while providing a more cost-based payment 
level for encouraging renewable energy development. 

Market-independent models could also expand the financial 
participation of smaller and more risk-averse investors by 
creating lower-risk investment conditions. which can help 
facilitate RE project financing for non-traditional investors 
(Hvelplund. 2005). Insofar as market-independent models are 
accompanied by a purchase obligation, they can also lower the 
barriers to entry. as well as the associated transaction costs. by 
removing the need to actively market the project's electricity on 
the spot market. Thus, the fixed price option is more likely to 
be favorable to smaller investors and community-based projects, 
by making it easier for them to participate either on equity basis. 
or by contributing debt financing. This community buy-in and 
participation can help reduce opposition to RE deployment, 
thereby helping to create the broader public support that may 
be required to reach higher levels of RE penetration in the future 
(see Mendom;a et al.. 2009; Hvelplund. 2005). 

One of the further benefits of fixed price pOlicies is that they 
also impose a limit on the maximum price that renewable energy 
developers can obtain. This limit is not present in premium FIT 
policies unless a cap is explicitly introduced; under most 
premium price policies, the payment levels received by renewable 
energy generators track market trends, which are typically driven 
by fossil fuel prices. rather than cost-of-generation trends. This 
makes it more likely that market-dependent FIT policies will 
deviate from actual RE project costs. and lead either to over. or 
under-compensation. 

Due to the fact that most RES are exempt from a dependence 
on a fuel source (with the exception of biomass and biogas), and 
are characterized by a high ratio of fixed to variable costs, they are 
largely immune from market volatilities. particularly when 
compared to conventional sources of generation such as natural 
gas. Furthermore. they are not vulnerable to inflation in the prices 
of those fuels. having only operations and maintenance (O&M) 
cost inflation to impact profitability after initial capital costs are 
paid. The potential price-stabilizing influence of RES is likely to 
grow in importance. and should be considered a strong argument 
in favor of greater renewable energy deployment, as well as an 
argument in favor of market-independent FIT policies. 

On the other hand, as RE sources increase in market share. the 
need to further their integration into existing electricity markets 
is expected to grow (langniss et aI., 2009). This suggests that 
there is likely to be increasing interest in how the strengths of 
both approaches can be integrated within one policy framework, 
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one that increases this integration over time. One example of this 
can be found in Spain's current policy framework (Spanish Royal 
Decree 661/2007). which offers generators the option to sell their 
electricity into the spot market while benefiting from a variable 
premium payment that increases the predictability of future 
revenue streams by introducing a cap and floor on the total 
premium amount. This design can help increase the likelihood 
that the total remuneration will remain broadly cost-based over 
time. retain the incentive to produce electricity in times of high 
demand. while simultaneously increasing the market compat
ibility of RE generation. It is conceivable that models such as this 
will become more common, particularly as RE sources come to 
supply a larger share of total electricity demand. 

This notwithstanding. market-independent policies are prov
ing a stronger ,and more cost-efficient policy option in the near
term than market-dependent options. Given the lower-risk and 
greater revenue certainty they provide. fixed price models have 
thus far proved to be more effective at encouraging broader 
participation in RE development, while providing a policy 
structure more conducive to leveraging large amounts of capital 
toward renewable energy development. 
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