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Abstract

While it is widely agreed that support schemes need to be put in place to promote the use
of renewable electricity, there is less consensus as to what are the best kinds of strategies to
use. What is attracting increasing attention in Canada is a system of renewable portfolio
standards. In this, all power suppliers are under an obligation to ensure that a certain per-
centage of the electricity they generate is from renewable resources. They can either generate
that electricity themselves or purchase ‘green certificates’ from those who have used renew-
ables to generate electricity. Recent experience from Europe, however, suggests that a whole-
hearted commitment to this single strategy could be premature and potentially damaging for
the development of all kinds of renewable electricity in Canada, solar photovoltaics
included. On the other side of the Atlantic Ocean, the use of so-called ‘feed-in tariffs’ (that
is, an obligation for utilities to purchase, at a set price, the electricity generated by any
renewable energy resource) is widely credited with accelerating the development of renew-
able electricity in many countries.
The purpose of this article is to reflect upon this European experience with feed-in tariffs,

to stimulate discussions regarding what promise they might hold for the development of
solar photovoltaic electricity in Canada. The article is divided into three main sections. In
the first section, policies to promote renewable electricity, presently in place in different parts
of Canada, are reviewed. Attention is then focused, more specifically, in the second section
of this article, upon ‘feed-in tariffs’. After defining and describing this alternative system,
experiences in the countries of the European Union are reviewed. The main strengths and
weaknesses of feed-in tariffs—in the European experience—are also examined. The focus
then moves back to Canada in the third section of the article. In this, a system of feed-in



I.H. Rowlands / Renewable and Sustainable Energy Reviews 9 (2005) 51–6852
tariffs is proposed for the province of Ontario in order to provide just one example of the
kind of support that could be forthcoming.
# 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The purpose of this article is to reflect upon European experience with feed-in
tariffs, in order to discover what lessons they may hold for Canadian policies on
renewable electricity. A system of feed-in tariffs consists of an obligation for uti-
lities to purchase, at a set price, the electricity generated by any renewable energy
resource. Feed-in tariffs are widely credited with accelerating the development of
renewable electricity in many countries of the European Union.
This article is divided into three main sections. The first section reviews the poli-

cies that are presently in place, in Canada, to promote renewable electricity. Atten-
tion is then turned, in the second section, to feed-in tariffs. Experiences in the
countries of the European Union are reviewed, with the main strengths and weak-
nesses identified. The focus returns to Canada in the third section, where a possible
system of feed-in tariffs for one jurisdiction—namely, the province of Ontario—is
outlined. A brief summary concludes the article.

2. Canadian policies to support renewable electricity

The International Energy Agency (IEA) has published a database cataloguing
various kinds of policies, programmes and projects designed to promote energy
efficiency and/or renewable energy in member countries. Entitled ‘Renewable
energy policies and measures in IEA countries’, it identifies, for Canada, four mea-
sures that are directly applicable to renewable electricity [19]. Each is briefly
described below.

. Introduced in 1996, the Canadian Renewable and Conservation Expenses is a
corporate tax incentive that allows for the full deduction of expenses associated
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with the start-up of renewable energy and energy conservation projects (provided
that at least 50% of the capital costs would be described in Class 43.1). Interest-
ingly, this is the only policy that is found in the IEA database that explicitly
includes solar photovoltaic (PV) electricity. PV systems with a capacity of at
least 3 kW qualify for support [32].

. The Government of Canada is purchasing ‘green power’ from suppliers in differ-
ent provinces (including Alberta, Prince Edward Island and Saskatchewan).
Agreements concluded to date amount to approximately 57,000 MW h of elec-
tricity purchases a year. The federal government’s ‘Action Plan 2000 on Climate
Change’ commits to the purchase of a further 400,000 MW h [31].

. Further federal government action includes the ‘Market Incentive Program’,
which makes C$ 25 million available to electric utilities, retailers and marketers
so that they can develop market-based programmes and promote the sale of
electricity from emerging renewable sources to residential and small-business
customers [30].

. The Wind Power Production Incentive provides payments to new wind power
developments. Projects commissioned between 1 April 2002 and 31 March 2003
receive 1.2 C¢/kW h for the first 10 years for their operation. Alternatively, for
projects commissioned between 1 April 2003 and 31 March 2006, the payment is
1.0 C¢/kW h. Finally, a payment of 0.8 C¢/kW h is made to wind developers
whose project is commissioned between 1 April 2006 and 31 March 2007 [33].

In addition to these policies, programmes and projects identified by the IEA,
other actions to support renewable electricity in Canada presently exist. These
include actions by electric utilities. BC Hydro, for example, has committed to meet
‘10% of increased demand for electricity through a variety of new green energy
sources through 2010’ [4]. The utility has accepted, and continues to accept, bids
from outside organisations to provide this generating capacity. Moreover, Hydro-
Québec and SaskPower have each put in place programmes to promote the use of
wind power. In the case of the former, a call for tenders for 1000 MW of electricity
generated by wind turbines was issued in May of 2003 [17]. While in the case of the
latter, a ‘GreenPower’ programme was established. This has stimulated the devel-
opment of wind power facilities in two parts of the province of Saskatchewan [44].
Non-governmental organisations, moreover, have also launched initiatives.

Friends of the Earth and others, for example, have published a ‘Green Electricity
Buyers’ Guide’ [10]. Additionally, the Ontario Sustainable Energy Association has
been established. This organisation aims to ‘facilitate the transition to a sustainable
energy economy in Ontario through the development and support of community-
based energy initiatives’ [36]. A number of the Association’s projects aim to
develop wind power [35].
Notwithstanding the range of actions mentioned here, it is my contention that

the policy discussion in Canada is increasingly being dominated by talk of ‘renew-
able portfolio standards’ (RPS). An RPS can be defined as ‘a requirement that a
minimum percentage of each electricity generator’s or supplier’s resource portfolio
come from renewable energy’ [47]. Popular in the United States—where 16 states
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have adopted an RPS [48], and the federal government is considering the same—it
is seen by many as the key mechanism to promote renewable electricity throughout
North America. Indeed, in its recent World Energy Outlook, the IEA states that, in
the ‘alternative policy scenario’ (that is, the one that would serve to promote great-
er uptake of renewable electricity—as opposed to the ‘reference scenario’), RPS is
adopted in the United States and Canada [21].
This hypothesis goes beyond mere speculation. In recent legislation proposed or

suggested at the provincial level in Canada (the level that, constitutionally, has the
most influence upon electricity policy in the country), RPS is usually ‘front and
centre’ as the means to promote the use of renewable resources in the electricity
supply mix. In New Brunswick, for example, that province’s Market Design Com-
mittee recommended, in 2002, that an RPS be implemented [39: p. 63]. (Although
the province’s recently introduced ‘Electricity Act’ has provision for an RPS
(Section 142 (2)), the details have yet to be fully elaborated.) In Nova Scotia,
moreover, the first recommendation coming from the Electricity Marketplace
Governance Committee was that the ‘province should adopt a mandatory renew-
able portfolio standard (RPS) to take effect in 2006, which would mandate inte-
grating renewable energy into the generation mix’ [40]. Finally, in Ontario, a Green
Power Standard—designed ‘to secure an additional 1% of [Ontario’s] current elec-
tricity needs from renewable sources in each of eight years, starting in 2006’—was
announced in July of 2003 [41].
While legislative movement regarding renewable electricity is certainly to be wel-

comed, it is my belief that this (apparently) wholehearted endorsement of RPS—to
the exclusion of other options—may be somewhat premature. While there are cer-
tainly advantages to an RPS (see, for example, the experience in the state of Texas
(e.g., [24])), it should form only part of the overall policy portfolio. If our aim is a
sustainable electricity system, then diversity of supply must surely be part of the
goal. Kiuchi and Shireman [23: p. 111, italics in original], for example, observe
that: ‘diversity promotes sustainability simply because diversity is choice. The more
diverse the organisms in an ecosystem, the more types of resources are available to
deal with any challenge and the greater the likelihood of success’. Similar com-
ments by Madlener and Stagl [26: p. 7] apply more directly to electricity. They
argue that under ‘conditions of uncertainty in combination with a learning process
and high investments necessary to develop working alternative technologies, it
appears recommendable to develop an array of technologies available for future
provisions of a crucial input factor like energy’. These authors go on to note that
RPS might encourage low-cost (and maybe low-promising) options, in place of
‘higher-cost more-promising options’ [26: p. 11].
Sole reliance upon an RPS—at least as presently designed in some jurisdictions

in Canada—may not serve to promote great diversity in supply. Because rene-
wables may have different cost profiles, one specific renewable electricity tech-
nology may come to dominate the modest market that will be governed by the
RPS. Therefore, to continue to move towards a sustainable electricity system, other
strategies must be considered and, as appropriate, integrated into an overall
approach. This would help to ensure diversity of supply. To learn more about
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these other strategies, attention must cross the Atlantic Ocean—to the European
Union—where the use of renewable electricity has risen significantly during recent
years. There, ‘feed-in tariffs’ have helped to advance these countries’ renewable
electricity goals. As such, that experience may well hold lessons for Canada.1
3. Feed-in tariffs: the European experiences

Sijm [45: p. 6] notes that, in the literature, ‘the concept ‘feed-in tariff’ is some-
times used in slightly different meanings. Usually, this term refers to the regulatory,
minimum guaranteed price per kilowatt hour that an electricity utility has to pay
to a private, independent producer of renewable power fed into the grid’. He goes
on to note that, occasionally, the concept ‘is used for the total amount per kilowatt
hour received by an independent producer of renewable electricity, including pro-
duction subsidies and/or tax refunds, while in exceptional cases it refers only to the
premium price paid above or additional to the market price of electricity’ [45: p. 6].
In this article, I focus upon programmes that adhere to the first and last of Sijm’s
definitions—namely, guaranteed payments per kilowatt hour that are made to
renewable electricity producers, either independent of, or in addition to, the market
price of electricity.
Currently, feed-in tariffs are in place in 11 of the European Union’s 15 coun-

tries.2 Even when qualifying under the terms of the definition above, these tariffs
may have quite different forms in different countries. As already suggested by the
definition, the payment may be in the form of a fixed price or a premium price (in
addition, that is, to the market price). Germany’s is an example of the former [9],
while part of Spain’s system is representative of the latter. In the Spanish case,
energy developers can select either a fixed payment, or a fixed premium (above the
market price). In either case, these are reviewed ever year (‘in accordance with mar-
ket predictions, but always in a price corridor of between 80% and 90% of the pre-
tax consumer price of electricity’ [43, p. 847]).
Additionally, the payments may be differentiated by the kind of renewable

resource used to generate the electricity, or some renewable electricity technologies
1 Of course, the aforementioned wind power production initiative (WPPI) in Canada is, as the reader

will soon see, a kind of ‘feed-in tariff’ (though a fixed premium above a market price, rather than a fixed

payment). Nevertheless, not only is the WPPI solely applicable to wind power, but, as the reader will

also soon see, its payment levels are an order of magnitude lower than many of those payment levels

presently in place in Europe. I should note, as well, that there has been some experience with feed-in tar-

iffs in the United States (though not as much as in Europe).
2 Reiche and Bechberger [43, p. 847] report that the following EU countries have feed-in tariffs in

place: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Luxembourg, Portugal, Spain

and Sweden. Those that do not, meanwhile, are: Ireland, Italy, the Netherlands and the United King-

dom. The reader should recognise that there seems to be some inconsistencies—among analysts—regard-

ing feed-in activity at the national level in Europe. While Haas et al. [14: p. 12] also note that 11 EU

countries have feed-in tariffs, their 11 are different than Reiche and Bechberger’s—the former include

Italy, but exclude Finland. Meyer [29: p. 673], meanwhile, reports that seven EU countries had feed-in

measures in place by 2001: Austria, France, Germany, Greece, Luxembourg, Portugal and Spain.
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may not qualify for payments at all. On the one hand, in Sweden, only two resour-
ces qualify—namely, wind and biomass [14: p. 12]. Moreover, the support levels
for these two are different, with payment for the former being about 50% higher
than that for the latter [14: p. 18]. On the other hand, in Greece, all renewable
resources qualify and all receive payments in the range of 1.5–5.5 Eurocents per
kilowatt hour of electricity generated [14: p. 18].
The period of guaranteed payments may also vary. In Germany, they last for 20

yeas [9], while in Spain, they are guaranteed for only five years, though potentially
renewable [7: p. 218]. In addition, the ‘cost of subsidising producers of [renewable
electricity] is covered either through cross-subsidies among all electricity consumers
(Spain, Italy) or simply by those customers or the utility obliged to buy green elec-
tricity (Germany until 2000), or by the taxpayer, or a combination of both systems
(Denmark)’ [28: p. 802].
Finally, Ackermann et al. [1: p. 198–199] argue that some countries ‘also have

time variations, e.g., peak or base load tariffs, and seasonal, e.g., winter or summer
tariffs’. Another variation on the same theme occurs in Portugal, where ‘electricity
produced from wind energy receives a payment of 0.082 [Eurocents] per kilowatt
hour—for the first 2000 hours of annual production—and 0.07 [Eurocents] in the
following 200 hours. The larger the number of production hours per year the lower
the price’ [27: p. 205]. These are but some of the differences with respect to the
kinds of feed-in tariffs that are in place in the European Union.
Moving from renewable electricity, generally, to solar electricity (or photo-

voltaics (PV)), in particular, at least eight countries in the European Union appear
to support, or have supported, this kind of renewable electricity through feed-in
tariffs. Information about the level of payments, and some additional details, is
presented in Table 1 below. Germany, Austria, Denmark, Italy and Spain—in
particular—have encouraged above-average levels of PV electricity capacity
through feed-in tariffs [13]. PV capacity data in selected EU countries—and for
Canada, for the sake of comparison—are presented in Table 2.
I now turn to the reported advantages and disadvantages (strengths and weak-

nesses) of using feed-in tariffs to promote renewable electricity, generally—and,
where applicable, to the case of PV, in particular. Arguments are drawn primarily
from the European debate around feed-in tariffs.
Perhaps first and foremost, many observers note that feed-in tariffs have been

effective in promoting expansion of renewable electricity capacity, as well as its
subsequent use. With respect to the former, Meyer [29: p. 668] maintains that in
‘promoting wind power the [feed-in model] has been used with some variations in
Denmark, Germany and Spain and has proved superior to other methods that
have been tried in the EU. By the end of 2001, the wind power capacities of these
countries, comprises around 84% of the EU total’. These observations can be
further substantiated with data—like those presented in Table 3—regarding the
renewable electricity capacity that has been stimulated by particular kinds of policy
approaches. Indeed, Lauber [25: p. 5] argues that, not only is the greatest level of
activity on renewable electricity occurring in countries with feed-in tariffs, but also
that those countries that have abandoned feed-in tariffs (for example, Italy and
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Denmark) have subsequently experienced stagnation in their development of

renewable electricity capacity.
Additionally, not only is the capacity installed with feed-in tariffs, but the pay-

ment structure—that is, the fact that revenues for the system owner are a function

of the number of kilowatt hours of electricity their system produces—encourages

the use of that same capacity. Haas et al. [14: p. 25] argue that this helps to ensure

‘technically efficient operation of the plant’. Indeed, in other work Haas [13: p. 84]
Table 1

Feed-in tariffs for PV in European Union countries, past and present
Country (reference) Y
ear
 Tariff level

(in Eurocents)
Comments
Austria [13] 2
000
 3–72.7
Belgium [13] 2
000
 4–15 (premium)
Denmark [13] 2
000
 7
 For new plants
8
 For existing plants
Germany [9] and [11] 2
002
 50.6
 The value of the payment is reduced by 5%

annually
Greece [13] 1
998
 1.5–5.2
 For auto-producers
2–5.5
 For independent power producers
Italy [13] 1
999
 14.5
Luxembourg [46] 2
002
 61.45
 For private facilities
31.45
 For plants established by municipalities
Portugal [27] 2
002
 49.9
 For facilities less than 5 MW
28.4
 For facilities greater than 5 MW
Spain [7] 2
002
 36 (premium)
 For facilities less than 5 MW
18 (premium)
 For facilities greater than 5 MW
Note: The exchange rate is approximately 1 Eurocent ¼ 1:5 C¢.
Table 2

Installed PV power, selected countries, at the end of 2001
Country
 Total installed PV

capacity (MW)
Total installed PV

capacity per capita

(W/capita)
PV capacity installed

in 2001 (MW)
Austria
 6.6
 0.81
 1.8
Denmark
 1.5
 0.28
 0.04
Finland
 2.8
 0.53
 0.2
France
 13.9
 0.23
 2.5
Germany
 194.7
 2.34
 80.9
Italy
 20.0
 0.35
 1.0
Netherlands
 20.5
 1.28
 7.8
Portugal (2000)
 0.9
 0.09
 n.a.
Spain (1999)
 9.1
 0.23
 n.a.
Sweden
 3.0
 0.34
 0.2
United Kingdom
 2.7
 0.05
 0.8
Canada
 8.8
 0.28
 1.7
Source: [20].
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has argued that such ‘regulated rates’ are ‘preferable to rebates with respect to sys-
tem performance. . .’. Guaranteed payments over a period of years provide inves-
tors with sufficient confidence to invest the large sums of money that are initially
required in order to construct a renewable electricity facility. (The reader is
reminded that renewable electricity facilities have different cost structures than fos-
sil fuel power stations. While in the case of the latter, the division between operat-
ing costs and fixed costs are approximately 50%/50%, for renewable electricity
facilities, the respective figures are approximately 20%/80% [16: p. 19].) As such,
feed-in tariffs provide sufficient guarantees so as to encourage investors to commit
to renewable electricity projects. Moreover, this system also catalyses small
co-operative groups and companies to participate, rather than solely large corpora-
tions ([14: p. 25] and [16: p. 22]). This can assist not only with the political accept-
ance of renewable electricity (more about that below), but it can also serve to
promote some of the social dimensions of sustainability more broadly.
Feed-in tariffs can also encourage the development of renewable resources in a

wide range of geographic locations—not just where the most economically efficient
options are found. By virtue of the nature of renewable resources—that is, that
their availability is a function of the surrounding physical characteristics—generat-
ing facilities relying upon renewable resources are often clustered in the same gen-
eral area. Though favoured by economists, this could have ‘dismal political
consequences’ [25: p. 8]. When, for example, wind turbines are all bunched in
one location, opposition can more likely arise among the people living there. As
Lauber [25: p. 8] elaborates, with particular reference to the European Union, the
geographical concentration of renewable electricity facilities ‘would undercut polit-
ical will in member states prepared to pursue more far-reaching policy goals with
their support for renewable energy than member states that place a higher priority
on low electricity prices. Such support e.g., in Germany—which has been very con-
Table 3

Development of wind power capacity, by different policy strategies
Incentives
 Country
 Installed capacity in MW

(end 1999)
Additional capacity in MW

(in 2000)
Fixed free-in tariffs
 Germany
 4445
 1668
Denmark
 1742
 555
Spain
 1530
 872
Total
 7717
 3095
Bidding Systems
 United Kingdom
 356
 53
Ireland
 73
 45
Italy
 23
 56
Total
 452
 154
Source: [18: p. 91].

Note: In the case of a bidding system, ‘regulatory authorities decide on an amount of electricity to be

produced from renewable energy and invite project developers to bid for that capacity. Successful bid-

ders are guaranteed their bid price for a specified period, fifteen years in the case of the non-fossil fuel

obligation (NFFO) of the United Kingdom’. [18].
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siderable so far—is likely to evaporate if installations occur mostly in the North-
west (for wind) or the South of Europe (for solar PV), if employment and econ-
omic opportunities in the [renewable electricity] industry should follow those
installations abroad, and if few visible results in terms of tangible structures,
increased safety of supply or reduced pollution are available in Germany itself’. By
contrast, when renewable generating facilities are located in more diverse locations
(thus, often in communities that work actively to host them), support for renew-
able electricity can grow with a broad base, the associated co-benefits can be
secured (for example, improved local air quality and local employment opportu-
nities) and numerous discussions about the sustainability of energy supply, more
generally, can be stimulated.
Feed-in tariffs can also encourage technological learning (for a related dis-

cussion, see [12]). Because this system promotes the use of physical plant that
might not otherwise be deployed, greater ‘learning-by-doing’ can be realised. This,
in turn, can reduce the price of new technology quickly and dramatically, so that
what were originally perceived to be expensive options benefit greatly from wide-
spread application and increased economies-of-scale. (See, for example, [25: p. 6]
and [28: p. 808].) Learning-by-doing has apparently occurred with respect to wind
power, for ‘the market is clearly [now] dominated by turbine producers from the
rapid growth/[renewable electricity feed-in tariffs] countries Denmark, Germany
and Spain’ [25: p. 6].
Turning to their practicality, some argue that feed-in tariffs are ‘flexible, fast and

easy to establish’ [15: p. 69]. Haas [13: p. 84], for example, has argued that they are
‘preferable to rebates with respect to . . . lower transaction costs and bureaucracy’.
Indeed, their structure can also easily accommodate different kinds of renewable
resources—with different tariff structures established, as appropriate.
There are, however, many criticisms of feed-in tariffs as well. Because there is a

guaranteed price paid over a long period, there is, others maintain, little to encour-
age competition amongst generators of renewable electricity [14: p. 25]. Nor, the
argument continues, is pressure placed upon equipment producers for lower prices
[25: p. 7]. Indeed, even the Competition Directorate of the European Commissions
argues that there would not be any encouragement of price reductions, because of
the high prices being paid to renewable electricity producers (noted in [43, p. 848]).
While some maintain that financial costs fall with feed-in tariffs—in Germany,

for example, the ‘average investment costs of a wind energy plant was [sic] reduced
from 2150 [Euros]/kW in 1990 to 865 [Euros]/kW in 1999’ [43, p. 846]—others
explicitly compare countries that have feed-in tariff models with those that have
other strategies and come to different conclusions. Echoing the thoughts of many,
Ackermann and colleagues argue [1: p. 199] that ‘this instrument provides limited
incentives to reduce costs below a certain break even level. In Germany, for
example, [wind turbine generators] cost seems to be between 15% and 30% higher
than in countries where no feed-in tariffs exist’. A study supported by the World
Bank also found that electricity prices ‘are lower in competitive markets than the
feed-in tariffs set in Germany and Spain’ [3: p. 22].
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Indeed, notwithstanding the success stories noted above (see Table 3), there is

also the opposite experience in a number of other countries that have introduced

feed-in tariffs. Finland, Greece [42: p. 19] and Italy [25], for example, have not

secured significant expansion in renewable electricity capacity.
Finally, there are difficulties associated with setting the prices of the feed-in tar-

iff. Madlener and Stagl [26, p. 9] note that it is ‘. . . very difficult to find (and to

regularly adjust) an optimal tariff level for each of the renewable energy technolo-

gies included in the scheme that avoids excessive profit margins, enhances at least

some degree of economic efficiency, and promotes all technologies in the way and

to the extent desire. Finally, with such a price-driven instrument, the achievement

of a particular quantity target cannot be safeguarded’. Without the establishment

of appropriate tariff levels, the benefits of feed-in tariffs may not be realised.
Given these perceived problems with feed-in tariffs, one might be hesitant to

focus a renewable electricity strategy solely upon this approach. In light, however,

of the aforementioned advantages, one might also think that it would be unwise to

overlook feed-in tariffs completely. Might, instead, there by some way in which

feed-in strategies could be part of an overall approach to promoting the develop-

ment and use of renewable electricity?
One apparent possibility would be to encourage the use of different kinds of

policies at different times. In other words, the particular kind of strategy selected to

encourage greater uptake of a renewable resource will depend upon the stage of

development of that same renewable resource. During ‘early days’, the emphasis

should be upon ‘learning-by-doing’. Therefore, most effort should be extended to

ensure that systems are actually in place, and are being used. As the technology

develops, and as experience is accumulated, it is then appropriate to place more

emphasis upon competition among generators, in order to further refine the mar-

ket. Lauber [25: p. 7–8] identifies particular strategies for particular stages: ‘While

generous [feed-in tariffs] systems based on external cost calculations strongly

favour early and rapid growth, RPS systems can be designed more easily to accom-

modate stable and predictable growth. [Feed-in tariffs] schemes can more easily

create markets for producers of [renewable electricity] equipment by supporting a

variety of technologies from an early stage of development until market competi-

tiveness. RPS schemes are more appropriate to the phase of near-market competi-

tiveness; they usually are of little help for the earlier phases of technology

development, due to the goal of keeping prices as low as possible’. Haas [13: p. 89],

echoes some of these sentiments, though argues that feed-in tariffs should play a

role in some ‘middle stage’: ‘After PV has reached a certain maturity and reliable

performance standard in a special region. . . it makes sense to tie part of the finan-

cial incentive to the system performance e.g., to kilowatt hours generated or kilo-

watt hours fed into the grid. This can be done by means of rate-based incentives or

feed-in tariffs’. Fig. 1 summarises these ideas graphically. In the next section, I

build on such suggestions and elaborate a policy possibility for one part of

Canada.
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4. Feed-in tariffs: a Canadian possibility

In this section, I explore the way in which a feed-in tariff could operate in

Canada. For the sake of demonstration, I take the case of Ontario, though the

general arguments hold for any location in the country (any additional individual
examples could easily be elaborated).
In Ontario, electricity is generated by a portfolio of resources, with nuclear, coal

and hydro being the largest contributors (41%, 25% and 24%, respectively, in 2001)

[34]. Total electricity sales in Ontario (in 2001) were approximately 142 TW h, with
provincial generation providing virtually this entire amount. Demand is almost

equally divided between the industrial, commercial and residential sectors, with

each using approximately one-third of total supply [34]. Total end-use demand was

497 PJ [34].
I propose here a feed-in tariff for the province of Ontario. Solar PV is at a rela-

tively early stage of penetration in Ontario and, indeed, in Canada as a whole (see

Table 2 and [6]). Thus, it would appear to be a good candidate for a feed-in tariff.

Wind power, by contrast, is developing rapidly in Canada, and it is expected that

Ontario’s recently proposed RPS will be a boon for landfill gas, small hydro and
windpower. Following suggestions made in the literature about the ‘best practices’

evident with feed-in tariffs, my strategy has payments falling over time ([15: p. 69]

and [18: p. 92]) in order to reflect technological learning, and has payments that

are in place for 10 years. Huber et al. [15: p. 69] argue that this ‘corresponds to the
typical repayment time expected by potential investors’. (Note that it has also been

argued that the payment schedules should be structured so that ‘high-return’ and

‘low-return’ geographical areas end up receiving approximately the same level of

financial support [18: p. 92]. For the sake of this investigation, I will assume that
the level of sunshine received, annually, across the most populated parts of Ontario

does not vary significantly. Hence, I do not incorporate this consideration into my

proposal. It may, however, be applicable for other regions.)
osed policy options at different stages of renewable electricity market de
Fig. 1. Prop velopment.
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The next decision is regarding the size of the initial payment, and the rate at
which it falls. For the sake of this example, an initial starting level of 75 C¢/kW h
solar electricity generated is selected. Recalling the figures in Table 1, this is
roughly equal to those payments offered in those European countries that have the
highest payments (i.e., parts of Belgium, Germany, Luxembourg and Portugal).
Following the German example, I select an annual reduction rate of 5%—that is,
for new participants in the programme each year, the payments they receive are 5%
below those received by participants who joined the preceding year.
I envisage residential systems of 3 kW size qualifying for support. In other

words, systems that would be appropriate for a single home in Ontario. To encour-
age a level of penetration that would stimulate discussion about PV systems, I aim
for a density of one system per 1000 population. In Ontario (a province of
approximately 10 million people), that would mean 10,000 systems being supported
through a programme of feed-in tariffs. Therefore, I propose that 1000 new systems
would be supported annually for a period of 10 years.
Given the fact that the payment is falling by 5% annually (and that the value of

the payments are further being reduced by increasing inflation, which is assumed to
be 3% annually), the total present value of the payments is higher in the first year
of the programme than in the subsequent years of the programme. Table 4 pro-
vides more details. The value of the payment (to the homeowner) in the first year is
75 C¢/kW h; the present value is, of course, also 75 C¢/kW h. In the last year, that
payments are being made—that is, the tenth year of operation for those who
bought their system in the programme’s tenth year—the feed-in payments amount
to 47.3 C¢/kW h electricity generated. That is the amount in (then) current cents
that system owner receives. In constant (present value) terms, the payment is worth
27.0 C¢/kW h.
If I assume that each system is able to generate 3000 kW h of electricity a year,

then estimations as to the total quantity of payments made, during the life of the
programme, can be made. These appear in Fig. 2. Total payments rise annually
Table 4

Payment schedule for policy example
Year entering

programme
Nominal (current) payment

for new participants

(C¢/kW h)
Present value of payment

during first year of

programme (C¢/kW h)
Present value of payment

during last year of

programme (C¢/kW h)
1
 75.0
 75.0
 57.4
2
 71.3
 69.2
 53.0
3
 67.7
 63.8
 48.9
4
 64.3
 58.8
 45.1
5
 61.1
 54.3
 41.6
6
 58.0
 50.1
 38.4
7
 55.1
 46.2
 35.4
8
 52.4
 42.6
 32.6
9
 49.8
 39.3
 30.1
10
 47.3
 36.2
 27.8
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until the tenth year, for more and more people are participating in the programme
every year. But they fall after the tenth year, for the members of the first ‘co-
hort’—that is, those who joined the programme in its first year—no longer receive
payments. Additionally, no new participants join the programme after the tenth
year. In total, (nominal) payments of C$ 180.6 million are made to solar PV sys-
tem owners during the 19 years of the programme. The present value of these pay-
ments amounts to C$ 141.1 million. The cost of purchasing the meters for the
10,000 locations and the administration of the programme might make the entire
venture a C$ 175 million programme—though one that, as mentioned above, lasts
for 19 years.
A peak capacity of 30 MW (which would be in place after the tenth year) would

add significantly to the PV capacity in Ontario, while making only much more
modest inroads into Ontario’s total electricity demand (which ranges from approxi-
mately 15,000 to 25,000 MW). Indeed, given the correlation between peak-loads
and PV electricity generation in jurisdiction like Ontario, the aforementioned costs
of the programme might be complemented by a variety of benefits often associated
with such ‘peak shaving’. These include improved reliability, gird support, capital
longevity and environmental improvements [49].
In any case, while a figure C$ 175 million is, of course, not insignificant, there

have been other outlays of similar magnitude in Ontario’s electricity system
recently. Consider just the following three examples:

. With potential shortages in the province’s generating capacity, ‘Ontario tax-
payers will spend at least [C]$ 100 million on temporary natural gas generators
to ensure adequate electricity supplies’ in summer 2003 [38].

. A ‘three-day heat wave [in June 2003] cost Ontario taxpayers another [C]$ 13
million, bringing the burgeoning expense of the electricity price cap imposed by
Premier Ernie Eves to [C]$ 614 million. . . The amount is the difference between
the frozen retail price and the fluctuating wholesale market price paid to gen-
Fig. 2. Total payment schedule for policy example.
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erators since the Tory government opened the generation market [in May 2002]’
[37].

. The August 2003 blackout, which affected most of Ontario, resulted in economic
losses that have been valued in the millions of dollars.

Thus, a programme with an expenditure of C$ 175 million would not be unusual
for Ontario’s C$ 10 billion electricity supply industry.
Turning to the perspective of the homeowner, the real value of the feed-in pay-

ments that they would receive would be, as mentioned above, declining as the years
progressed. For those entering the programme in its first year, they would receive
feed-in payments that had a present value of C$ 19,769 for the 30,000 kW h of
electricity they generated during the first 10 years of the operation of their solar PV
system. For those entering the final year, the equivalent figure is C$ 9549—less
then half the real value of those earliest entrant’s receipts. Full details are provided
in Table 5.
I also assume in this proposal, moreover, that the homeowner—after the feed-in

payments have expired—is still able either to use the electricity generated by the
PV panels or to sell it back to the utility. Indeed, the homeowner will also be able
to do this while they are receiving the feed-in payments (in this example). For the
sake of this example, electricity generated has a present value of 8 C¢/kW h, and
its value is appreciating (including inflation) at 7% annually. Again, inflation is
assumed to be 3%, and the panels are assumed to produce electricity for 20 years.
The present value of this system of payments, for those who purchase their PV sys-
tem in the first year of the programme, is C$ 7061. (The current price of electricity
in year 20 is 28.9 C¢/kW h. After the impact of inflation is removed, the value is
16.5 C¢/kW h—a doubling in the real value of the electricity during the 20 years.)
Turning to the individual who purchase their system in the final year of the pro-

gramme, they sell electricity—during the initial year of their panels’ operation—for
14.7 C¢/kW h (present value of 11.3 C¢). During the 20th year, their electricity
sells for 53.2 C¢/kW h (present value of 23.2 C¢). Indeed, given that the real price
of electricity is rising over time, this owner actually reaps more value from their PV
Table 5

Net expenses (present C$), per system owner, for policy example
Entered programme in year C
ost of system (C$) T
otal revenue (C$)
 Net expense (C$)
1 4
2,000 2
6,830
 15,170
2 3
8,850 2
5,568
 13,282
3 3
5,936 2
4,437
 11,499
4 3
3,241 2
3,427
 9814
5 3
0,748 2
2,530
 8218
6 2
8,442 2
1,738
 6704
7 2
6,309 2
1,045
 5264
8 2
4,336 2
0,444
 3892
9 2
2,510 1
9,930
 2580
10 2
0,822 1
9,498
 1324



65I.H. Rowlands / Renewable and Sustainable Energy Reviews 9 (2005) 51–68
system than the owners who purchased their system in any of the previous nine
years. Their total revenue—in present value terms—over the 20 year period is C$
9949. Indeed, they earn more from selling their electricity than from the feed-in
payments. Fig. 3 presents revenue information, in present value for each ‘co-hort’
of participants in the feed-in programme.
I now compare this to the current price of a 3 kW system (installed) in Canada.

I take a price of C$ 14 per Watt (installed). (Compare with, for example, [5] and
[22].) The total price of the system, therefore, would be C$ 42,000. Assuming price
reductions annually of 7.5% (in real terms, similar to figures quoted in [2] and [8],
but higher than that cited in [20]), the present value of the cost of the system, for
each of the entrants in the programme, is presented in Table 5. Also brought for-
ward are the revenue streams from Fig. 3 to suggest the present cost of their par-
ticipation in the programme. Although early participants in the programme receive
higher ‘feed-in’ payments, the growing cost of electricity (in real terms), as well as
the falling cost of photovoltaic systems (again, in real terms), actually means that
those who enter at the end of the programme’s lifetime have the lowest net (real)
expenses.

5. Summary

The purpose of this article is to stimulate discussion in Canada about the appro-
priate role that a system of feed-in tariffs could pay in promoting renewable elec-
tricity. Drawing upon experiences from the European Union, a number of key
advantages and disadvantages to such a strategy were identified. Greater substance
was given to the discussion by exploring what a policy could look like in Ontario.
Conceivably, a C$ 175 million investment could stimulate much activity. Although
further study—including sensitivity analyses under different conditions—is needed,
the results are illustrative and potentially indicative. A comprehensive strategy for
sustainable electricity development will require a portfolio of responses. The poten-
tial role of feed-in tariffs in such a set of actions warrants much greater attention
than it is presently receiving in Canada.
Fig. 3. Revenues (present C$), per system owner, for policy example.
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[12] Grubb M, Köhler J, Anderson D. Induced technical change in energy and environmental modeling:

analytical approaches and policy implications. Annual Review of Energy and the Environment

2002;27:271–308.

[13] Haas R. Market deployment strategies for PV systems in the built environment. International

Energy Agency, Paris, Report IEA-PVPS T7-06:2002.

[14] Faber T, Green J, Gual, M, Haas R, Huber C, Resch G, Ruijgrok W, Twidell H. Review report on

promotion strategies for electricity from renewable energy sources in EU countries. Hass R (Ed.).

Institute of Energy Economics, Vienna, 2001.

[15] Huber C, Hass R, Faber T, Resch G, Green J, Twidell J, Ruijgrok W, Erge T. Final report of the

project EIGreen. Institute of Energy Economics, Vienna, 2001.

http://www.fes.uwaterloo.ca/Research/REEP
http://www.fes.uwaterloo.ca/Research/REEP


67I.H. Rowlands / Renewable and Sustainable Energy Reviews 9 (2005) 51–68
[16] Hvelplund F. Political prices or political quantities? New Energy 2001;5:18–23.
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