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Executive Summary

The production of heat is responsible for a large share of final energy demand. In 2009, heat
accounted for 47% of total energy used worldwide. Expanding the use of modern biomass,
geothermal energy, solar energy and ambient energy to produce heat could contribute
substantially to meeting energy security objectives and mitigating climate change.

In its publications, Deploying Renewables, Principles for Effective Policies (IEA, 2008) and
Deploying Renewables, Best and Future Policy Practice (IEA, 2011c), the IEA discusses the
“integrated policy approach,” whereby renewable energy technologies require different support
policies at different stages of their maturity pathways (see also Annex 3).

This paper discusses how the integrated policy approach applies to renewable heat. It attempts
to provide guidance for policy-makers on renewable heat throughout the different phases of the
policy lifecycle, allowing for the specific challenges of renewable heat and needs of the many
stakeholders involved. Stimulating a market for heat involves challenges that are different and,
often, more difficult to overcome than in the electricity and transport sectors.

A number of key challenges to renewable heat may deter deployment, some associated with the
overall characteristics of the heat sector, and some specific to the introduction of renewable
options. Tables 1 and 2 below outline a number of specific challenges to the heat and renewable
heat sectors.

Table 1 e Challenges specific to the heat sector

Investor climate:

Fragmented market: variety of stakeholders

Fragmented finance: millions of investors

Diverging investment decision criteria and “split-incentive” problem
Market infrastructure:

Gatekeepers between supply and demand

Suppliers of fuels as liable parties

Existing heat infrastructure influences potential alternatives

Strong climate influence:

Space heating demand in OECD declining, cooling demand in non-OECD increasing

Table 2 e Challenges specific to the renewable heat sector

To meet local demand, renewable heat production should be geographically close
Renewable heat supply is variable in time
Heat demand is variable over time (both diurnally and seasonally)

Heat is a heterogeneous commodity: different temperature levels per application

There is a need for a combination of technology push and market pull as a technology progresses
towards maturity.

In the RD&D phase, renewable heat technologies do not seem to be particularly different from
other renewable energy technologies in terms of innovation and technology development needs.
In this phase, no additional policy principles are needed for renewable heat.

Page | 5
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In the inception phase, it is important to design market pull instruments that appeal to the
variety of investors in the heat market, each with different investment criteria (chapter 3) (Figure
15). Also, a renewable heat strategy will need a careful match of supply and demand, as natural
resources will vary considerably from one country to another. The technical training and know-
how of “gatekeepers” such as installers and architects, and an efficient market infrastructure
(manufacturers and supply chain) become important at this stage.

In the take-off phase, the priority is to maintain or accelerate market growth while managing
overall policy costs and removing non-economic barriers. In the renewable heat sector, the most
important challenge is to introduce policy support schemes that do not overburden government
budgets, to avoid stop-and-go policies (Figure 15). Renewable heat policy design should ensure
predictable and reliable investment conditions, either from private finance or policy support
outside the government budget. Also, non-economic barriers must be addressed, e.g. micro-
finance in the building sector and the “split-incentive” problem in both building and industrial
sectors.

Eventually during the consolidation phase, renewable heat technologies will face fewer
challenges than other renewable energy sectors, such as renewable electricity (Figure 15). The
visual environmental impact of geothermal, solar thermal and biomass technologies is low and
the local production and demand of heat often encourages public acceptance. Moreover,
renewable heat creates fewer integration challenges in large-scale deployment than renewable
electricity.

On the basis of the findings in this study, the following key findings have been identified:

e The heat market comprises two end-use sectors: building and industry. Renewable heat
policy design for end-use sectors may have more in common with “energy efficiency” policy
design than with renewable electricity policies.

e Renewable heat investment often competes with energy efficiency investment. Moreover,
renewable heat policy should address energy efficiency in order to avoid over-subsidisation.

e Only a small part of the heat market shows resemblance with the electricity market: district
heating. Here, successful policies based on support on the basis of output may be a good
strategy.

On the basis of the findings in this study, the following key actions have been identified:
e The characteristics and specific challenges of the (renewable) heat market require greater
attention to the design of renewable heat policies.

e General principles for the design of renewable policy support (as discussed in IEA, 2011c)
should be taken into account in renewable heat policies.

e Renewable heat policy design needs additional attention in the inception and take-off phases.

e More attention is needed for differentiation of renewable heat policies along different
renewable heat sectors:

. Feed-in-tariffs or renewable heat portfolio standards may be considered for commercial
heat, which shows metering and grid similarities with the electricity sector.

. Subsidies and tax incentives may be useful approaches for renewable heat technologies in
end-use sectors, which do not have metering or a heat grid.
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e Support and facilitation for new business models that address financing and up-front
investment barriers is needed, to facilitate investment in renewable heat technologies,
particularly in the building sector.

e It is recommended that governments should seek options to make economic incentive
schemes independent of annual government budget appropriations, e.g. by means of levies to
fossil fuel consumption. This would avoid the “stop-and-go” policies experienced in the past Page |7
for renewable heat technologies in end-use sectors.

e The heterogeneity of the heat sector, with its great variety of stakeholders, climate conditions
and heat infrastructures, requires customised approaches to renewable heat policy based on
local market conditions.
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Introduction

Efforts to constrain growth in GHG emissions and concerns over security of supply of fossil fuels
have recently led to increased world attention on renewable electricity and renewable transport
fuels. Renewable heat has received less attention in the past, perhaps partly because of the
specific constraints that make it a less straightforward development than renewable electricity.
However, governments are increasingly introducing policy frameworks to support renewable
heat technologies.

Background

A number of studies have looked into renewable heat policies, mainly focusing on the European
situation and usually taking a policy-specific angle, e.g., the European “RES-H policy” project.' The
RES-H project helped EU member states to design and implement renewable heat strategies to
meet their 20/20/20 targets and follow up the requirements as stipulated in the EU Directive
2009. Six member states received support in drafting their National Renewable Energy Action
Plan (NREAP) and calculating their renewable heat targets.? The project produced a qualitative
and quantitative assessment of main policy instruments available to support renewable energies
(feed-in tariffs, grants, tax exemptions). It concluded that the policies in place would often fail to
achieve the very ambitious targets for renewable heat set by some of these countries. The
research urged Member states to implement innovative approaches including multiple
technologies at different scales to produce various amounts of heat.**

An |EA publication dedicated to renewable heating and cooling reviewed different types of
policies (sticks, carrots, guidance) (IEA, 2007). Other IEA publications developed a “policy
journey” approach to policy support for renewable technologies that are still under
development. This analysis has been mainly applied to renewable electricity, less so to renewable
heat (IEA 2008; IEA 2011c).

The present analysis builds on the findings of earlier studies and advances the RES-H policy
discussion by focusing on which policy instruments should be introduced, when and how, in
implementing renewable heating technologies. It also gives details of current renewable heat
policies in use worldwide.

This analysis attempts to provide guidance on policy-making for renewable heat in the different
phases of the policy journey, while bearing in mind the specific challenges of renewable heat and
the needs of the numerous stakeholders involved. The paper discusses the design of an
integrated policy framework for renewable heat policy in light of the IEA approach (IEA, 2008;
IEA, 2011c) and reviews the challenges in addressing uncompetitive technologies. It should
thereby give useful input to the discussion about policy support for renewable heat and future
visions for the heat sector.

This paper is the first phase of a detailed study into renewable heating and cooling, covering the
market status and outlook for renewable heating and cooling, and the costs of renewable heating
and cooling technologies. The study will pay attention to issues such as electrification of heat and
the benefits of an integrated approach to heat and electricity.

1 http://www.res-h-policy.eu/
2 Greece, Lithuania, Austria, Netherlands, Poland and the United Kingdom.
3 http://www.res-h-policy.eu/RES-H%20Policy_2011-June_factsheet.pdf.

4 Policy makers are also advised to show better integration with energy efficiency policy, e.g., in the Energy Performance of
Buildings directive (EPBD), CHP and Industrial waste regulations.
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Heat matters

The relevance of heat in total final energy use

Worldwide, the share of heat in total final energy consumption was 47% in 2009, much greater Page | 9
than final energy for transport (27%), electricity (17%) and non-energy use (9%) (IEA, 2011a).> At

37%, the share of heat also dominates final energy consumption in the OECD, although not as

heavily (Figure 1).

Box 1 « Where is “heat” in energy statistics?

In this paper, heat is defined as the consumption of energy sources (excluding electricity) to produce
heat in stationary applications. With the exception of commercial, solar and geothermal heat and
heat from ambient energy, the energy source is directly supplied as a combustible fuel and
transformed into heat in the industry, building and agriculture sectors.

In (IEA) energy statistics, “heat” refers to the heat that is sold and — most often — distributed by
district heating networks. The combined heat and power (CHP) plant is a well known example of
technology providing heat that is distributed in a heating network. This type of heat is easy to
monitor because it is measured and registered.

This paper refers to this type of heat as “commercial heat” in order to distinguish it from the largest
part of final energy used for heat, which is not directly visible. That is, fuels that are combusted® to
meet end-use energy services, such as providing heat for space heating, domestic hot water and
industrial process heat. A small proportion of reported heat comes from geothermal or solar thermal
resources.

In this section, final energy use for heat is taken as total final energy use excluding electricity,
transport and non-energy use (Eurostat approach). In a small number of countries, heat is also
produced by electricity as a result of low-cost electricity from hydropower or nuclear power such as
in Norway, France and the region of Quebec in Canada. Outside these countries, electricity used for
space heating is often not economic and may sometimes even be forbidden because of the negative
environmental impact of low-efficiency fossil-fuel power plants (Denmark and Sweden). Data on
electricity use for heating in industry and other sectors are unavailable and therefore have not been
taken into account in final energy use for heat.

Figure 1 ¢ Final energy consumption by energy service, 2009 (World left, OECD right)

M Electricity
M Transport
Non-energy use

M Heat

> Heat demand covered by electricity is not included in these figures.
® Combustion takes place by means of boilers in buildings or greenhouses or process installations in industry.
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Globally, natural gas accounted for about 27% of the fuel mix for heating in 2009, combustible
renewables and waste represented 26%, oil some 19% and coal and peat 20%. Commercial heat
provided 6.5% of heat production, while the share of geothermal and solar heat was 0.5%. The
high share of combustible renewable & waste in the global fuel mix is due to the predominance
of the traditional use of biomass in developing countries (Figure 2).

Figure 2 ¢ Fuel mix in final energy consumption for heat, 2009 (World left, OECD right)

4.6% B Coal & Peat

0.6%
0.5%

With such a high share of gas for heating, security of supply is a concern in many countries,
especially since the ability to switch fuels is limited in the short term. In January 2009, European
countries experienced major cuts in their gas supplies from Russia as a result of the Russian
natural gas dispute with Ukraine, causing serious concerns over supply.

m Petroleum

W Gas

M Geothermal, solar
etc.

H Combust renew. &
waste

® Commercial heat

Figure 3 ¢ Final energy for heat by end use sector, 2009 (World left, OECD right)

M Industry

W Residential buildings

1 Commercial buildings

M Agriculture,
Forestry/Fishing

Globally and in the OECD, the shares of final energy for heat consumed by industry are 44% and
41% respectively (Figure 3).

Renewable energy technologies for heat

Renewable heat can be generated in a number of ways.” In general, renewable heat policy
support addresses technologies producing direct heat coming from solar energy, bioenergy,
geothermal energy and ambient energy.

7 Renewable heat is heat generated from a renewable source of energy which is defined as “energy that is derived from
natural processes that are replenished constantly” in the Energy Statistics manual from the IEA and Eurostat (IEA, 2010).
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Bioenergy

Modern biomass combustion to produce heat is a mature technology and often competitive with
fossil fuels (IEA, 2007). Modern on-site biomass technologies include efficient wood burning
stoves, municipal solid waste (MSW) incineration, pellet boilers and biogas. Biomass is also used
in CHP production; overall conversion efficiencies can reach 70% to 90%. Sweden is the largest
consumer of wood and wood waste for district heating, followed by Finland and the United
States (IEA, 2011b). Denmark, Germany and Sweden are the largest users of MSW for district
heating (IEA, 2011b).

Biogas originating from manure, sewage sludge, landfill and organic waste can be upgraded to
biomethane and injected into a gas grid as a sustainable replacement for natural gas. Injection
can take place in the national high-pressure gas grid or a local low-pressure gas distribution
network. When injected in a natural gas grid, biogas needs to be upgraded to a higher methane
content (which involves removing impurities and drying) in order to make the biogas compatible
with natural gas.

Solar energy

Solar thermal collectors produce heat derived from solar radiation by heating a fluid circulated
within the collector. Solar thermal panels producing low-temperature heat (less than 80°C) are a
competitive technology. By the end of 2009, worldwide installed solar thermal (low- and
medium-temperature) capacity totalled 172.4 GW,, (Weiss and Mauthner, 2011). The vast
majority of this capacity was in China (101.5 GW), followed by Europe (32.5 GW,,) and OECD
North America (15 GWy). It is mainly used to produce domestic hot water in buildings. In a
handful of countries, such as Germany, Austria and Switzerland, solar collectors also contribute
to space heating. Despite a high potential for solar thermal in industry, which requires vast
amounts of low temperature heat, that sector has seen little development of solar hot water
systems (IEA, 2011d).

Low-concentrating and high-concentrating technologies can deliver medium- and high-
temperature solar heat, e.g.,, for use in industrial processes. Rooftop solar thermal panels
producing medium-temperature heat (up to 150°C) such as compound parabolic concentrator
(CPC) collectors are still in the early stages of development, although some are available on the
market.? High-concentrating solar thermal technologies can generate temperatures high enough
to produce electricity, and can also be used in (process) heat applications (IEA, 2011d).

Geothermal energy

Direct-use geothermal applications use the heat that is stored in rock and trapped in vapour or
liquids. It includes mature technologies to provide heat for industrial processes, space
conditioning, district networks, swimming pools, greenhouses and aquaculture ponds. OECD
countries using geothermal for district heating include Germany, Austria, Denmark, Hungary,
Slovakia and Belgium (Lund, 2010).

Ambient energy

Heat pumps provide a highly efficient means of cooling, space and water heating (IEA, 2010a).
They upgrade low-temperature heat, available in ambient energy sources (air, water or ground),

® The CPC collector is a low-concentrating technology that can bridge the gap between the lower-temperature solar
application field of flat-plate collectors (a temperature of less than 80°C) and the much higher temperature applications of
high concentrating technologies (temperature above 200°C).

Page | 11
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to higher-temperature heat that can be used for low-temperature heating systems (e.g., water
temperatures of up to 45°C for under-floor heating). Because heat pumps are most commonly
powered by electricity, their energy output has a renewable energy component (the ambient
energy source) and a more mixed component (from the electricity requirements).’

Aquifer or underground thermal energy storage (UTES) uses a natural underground layer (e.g., a
sand, sandstone, or chalk layer) as a temporary storage medium for heat or cold.”® Most
applications store winter “cold” (low temperature) to be used for the cooling of large office
buildings and industrial processes.*!

Renewable electricity for heat

Using renewable electricity to fuel e.g., a heat pump, would qualify as renewable heat. There are
few cases today of 100% renewable electricity production; most systems comprise a combination
of renewable and conventional electricity.

The integration of heat in national energy strategies

Policies aimed at increasing the share of renewable heat in the national energy mix are only part
of a bigger picture. This paper not only stresses the specific challenges for renewable heat
deployment, but also aims at integrating heat policies into a combination of tools across sectors
to achieve efficient decarbonisation of economies at least cost. Previous IEA work has stressed
the need for a policy package that applies CO, abatement action broadly across sectors and
encourages technology diffusion while coping with market and cost uncertainties and securing
public acceptance (Hoods, 2011).

Such a “policy mix” can be achieved through the combination of:

e Energy efficiency standards.
e A carbon price.
e Technology policies over the transition period.

The order in which each policy type is to be implemented varies according to a country’s energy
and economic structures, existing policy frameworks and sustainability ambition. Rationalisation
of energy demand should usually come before fuel substitution strategies.12

The Danish policy mix is a good example of how different policy types have been prioritised over
time, building on each other’s results. Positive outcomes of such a combination include:

e The decarbonisation of the entire economy.

e An improved policy cost-effectiveness.

e Adecrease in the overall cost implied by the decarbonisation process.

9 Heat pumps are not included in IEA renewable energy statistics. Energy from geothermal, aerothermal or hydrothermal
sources that is upgraded with heat pumps is included as renewable heat within the EU legislation for renewable energy. The
contribution is accounted for in the monitoring only if the COP is high enough (COP >2.62), to compensate for the energy lost
in the electricity production (EC, 2009).

10 The transfer of thermal energy is realised by extracting groundwater from the underground layer and re-injecting it at the
modified temperature level at a separate location nearby.

11 A major condition for the application of this technology is the availability of a suitable geological formation. Other
technologies for underground thermal energy storage are borehole, cavern and pit storage.

12 Policies affect the energy sector in different ways, as the application of a CO2 tax will have an immediate and profound
effect on energy strategies while research and development or technology deployment will have longer-term cost reduction
effects.
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These policies interact and need to be aligned with one another to avoid competition and
conflicting cost effects (Figure 4).

Figure 4 « Denmark energy policy strategy

* Age of Plenty: Page | 13
*95% of energy needs met by oil imports form the Middle East

* Fossil mix diversification and energy saving
=Diversification of imports: gas, coal, Morth Sea oil
*Energy efficiency targets and district heat network expansion

~
« Market mechanism targeting the whole economy
sIntroduction of a carbon tax
#*Focuson Combined Heat and Power (CHP) to rationalise energy use
A
~
* Energy mix decarbonisation
*Building code: New buildings in 2008 use half as much energy as a house built before 1977
sInvestment grants in renewable technologies —in 2011 Denmark meets 30% of its electricity
and 40% of its heat demand from renewable sources.
S

Source: Danish Energy Policy 1970-2010; Vision: 100% independence of fossil fuels, 2011, Danish Energy Agency, Copenhagen,
Denmark.
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Challenges for renewable heat

Characteristics of the heat sector

A number of key challenges to renewable heat may deter its deployment. Some are associated
with the overall characteristics of the heat sector, others are specific to the introduction of
renewable options:

e The investor climate is fragmented: variety of stakeholders, millions of investors.

e The heat market is very heterogeneous: “gatekeepers”, fuel suppliers, complex heat
infrastructures.

e Regional climate conditions play an important role
Investor climate

Fragmented market and investors

Target groups that (renewable) heat policies need to address include all stakeholders producing
heat, i.e. industries, district heating operators and millions of building owners,. Building owners
include commercial real estate developers as well as social housing associations, private
households and tenants,!3 each with very different motivations affecting decisions on investing in
low carbon technology.

When comparing the investor climate in the heat market with that in electricity, a clear
difference appears:

e The electricity sector design is dominated by centralised large-scale power supply facilities.

e The heat sector mainly consists of distributed heat generation. A limited number of cold
climate countries have chosen (semi-)centralised heat production by means of combined heat
and power (CHP) plants and distribution of so-called “commercial heat” in district heating
systems.

Diverging investment criteria and split incentives

Private households’ investment decision criteria for heating technology often differ from
commercial ones:

e Private households use simple payback to assess whether or not to implement an energy
measure; they tend to take a "safe" approach investing in those measures with paybacks of
typically two to five years.14

e For most commercial investors, rates of 8% to 10% are acceptable in OECD economies.

Also, split incentives occur when participants in an economic exchange have different goals or
incentives (IEA, 2007). A classic example is the ”landlord-tenant problem”, where the landlord
provides the tenant with a heating system but the tenant is responsible for paying the energy
bills. In this case, landlords and tenants face different goals:

13 In the privately-owned part of the building sector, implementation of restrictive heat policies can be sensitive since these
would directly affect individuals’ comfort and may provoke concerns about fuel poverty.

14 An investment in an energy technology with a payback period of two to five years corresponds with a 15% to 45% rate of
return for a lifetime of 20 years, roughly equivalent to the return expected by a high risk investor.
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e The landlord wants to minimise the capital cost of the appliance (with little regard to energy
efficiency).

e The tenant wants to maximise the energy efficiency of the appliance to save on energy costs.
Market infrastructure

Gatekeepers and suppliers of heating fuels as liable parties

Decisions on investment in low carbon heating technologies can also be complicated by the
numerous participants involved in applying heating technology.

Gatekeepers (installers, architects, engineering consultants, contractors or, in the existing
building sector, housing associations) are in a position of power as they can influence the client’s
decisions. If they have a specific incentive to include renewable technologies, e.g. investment
grants, they can support deployment substantially. If gatekeepers have no incentive to apply
renewable technology, e.g. where the installer will also be responsible for maintenance, they
may deter deployment.

Because heat is mainly produced in individual domestic systems without a country-wide
transmission and distribution network, power relations between renewable and traditional fuel
suppliers are very different from the corresponding relationship in the electricity sector (Birger
et al., 2008).

Incumbent heat system can cause lock-in effect
The competitiveness of renewable heating technologies is influenced by two main variables:

e The price competition with fossil fuel prices used in conventional heating systems.

e The type of energy infrastructure system in place.5 For instance, countries with an extensive
gas infrastructure or high dependence on oil might face more difficulties in moving towards
renewable heat — although they might need it most.

Strong climate influence

Even though nearly half of global final energy demand for heat is consumed in industry (Figure 3),
the other half is subject to a strong climate influence:

e Cold climate countries face high final energy demand for space heating.

e Warm climate countries show rising cooling demand as GDPs attain levels where ownership
of air conditioning systems becomes within reach of many people.

Space heating is generally considered not to be correlated with income, since it is an essential

demand to be fulfilled, although there is concern for fuel poverty in some regions where people

restrict their space heating expenses due to financial constraints. However, cooling is generally to

be considered a latent demand that is only fulfilled once there is sufficient capital.

Numerous heat sector situations

The combination of specific characteristics in the heat market, determined by climate conditions,
the incumbent heat infrastructure and different types of investors, results in numerous possible

15 A country with an extensive gas infrastructure will have a strong industry, which will be able to invest in improving gas
technology in order to meet new (building) standards. The success of heat policies in the past (Austria, Sweden) might
correlate with the absence of extensive (gas) infrastructures. On the other hand, an extensive gas grid infrastructure might
offer opportunities to use the grid for sustainable alternatives, e.g. distribution of biogas.
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situations that may need a customised approach in renewable heat policy design (Figure 5).

Figure 5 * Fragmented nature of the heat market
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Even more challenges with renewable technologies

The introduction of renewable heat technologies adds extra challenges for policy makers to those

described above:

e Renewable heat is a local resource, which must match local demand.

e Measures in support of zero energy buildings might compete with renewable energy
deployment.

e Heat demand is variable over time (diurnal, seasonal).

e Heat is a heterogeneous commodity that requires different temperature levels for different
needs.

Renewable heat production needs local demand

Renewable heat cannot usually be fed back into a grid when there is surplus production because
heat is most often produced in individual heating systems, with no grid to feed into. With a
district heating system, renewable heat can be transported from production to user sites, but
distances are limited due to heat losses.

Moreover, there is limited scope for storing surplus heat produced in individual heating systems,
mainly because heat storage requires considerable space.
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Renewable heat and energy efficiency: competition and synergy

Renewable heat supply may, to some extent, compete with developments in zero-energy
buildings.'® Very high levels of insulation, usage of passive solar energy and balanced ventilation
systems with heat recovery could reduce demand for space heating to the point where zero-
energy buildings might not need a heating system at all. Buildings with very low residual heat
demand might meet this with electric heat pumps, e.g. in combination with PV panels, and end
up with all-electric systems.

Investors in energy efficiency can be largely the same as investors in renewable heat technology:
building owners and the industry sector. This may lead to competition between energy efficiency
and renewable heat in investment decisions.

On the other hand, there is a possible synergy between energy efficiency and renewable energy
as lower heat demand might make renewable heat more affordable. For example, energy
efficient buildings might deploy solar heat with compact thermochemical energy storage that
could otherwise be too expensive.

Time and temperature affect heat supply

Heat demand and production can vary over time
It is not only space heating demand that varies according to the weather:

e Solar thermal heat will most commonly be produced when heating demand is low and so is
best suited to supply of domestic hot water, when compact seasonal storage is unavailable or
unaffordable.1”

e Heat pump technology can show some seasonal constraints, depending on the (renewable)
energy source used. A heat pump boiler working on outside air will show lower coefficients of
performance (COP)18 in wintertime, when outside air temperatures are low and the
temperature lift between the outside air and the inside space heating requirements is large.

(Renewable) heat is a heterogeneous commodity

Whereas electricity is a homogeneous energy carrier, heat demand shows different temperature
levels per application (Table 3):

e Hydraulic space heating traditionally requires water temperatures of 90°C but today, low
temperature heating systems, e.g. for use in underfloor heating systems, need only 45°C
water temperature.

e Domestic hot water usually needs a temperature of around 60°C.

16 In EU member states, the Energy Performance of Buildings Directive requires regulations for new buildings to progress
towards zero-energy buildings (EC, 2010).

17 Seasonal storage is currently being developed mostly for district or block heating systems, where more space is available
and thus costs are lower. Improved technology for compact seasonal thermal storage, expected to be commercially viable
between 2020 and 2030, may allow more solar energy to be captured in summer and stored for use in winter.

18 Heat pumps using surface water as their renewable energy source can also face seasonal temperature differences affecting
the heat pump COP. Ground source heat pumps are generally not affected by seasonal temperature differences, nor are deep
geothermal heat and heat from bioenergy.
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e Industrial process heat demand shows enormous differences in temperature levels required.
Estimates report that more than 50% of industrial process heat is required at temperature
levels below 400°C.19

Table 3 e Suitability of renewable energy resources to meet various categories and scales of heating and
cooling applications

o Solar Solid . Biomass Shallow Deep
Application . Biogas from
thermal biomass waste geothermal | geothermal

Dwellings X X (%) X

Settlements (district heating) X X X X X X
Commerce and service X X X X

Agriculture X X X X X X
Industry X X X X X

Source: IEA, 2007b

Note: Biogas for cooking is produced at the micro-scale in developing countries using domestic and animal wastes. At the other
extreme using large scale plants scrubbed biogas can be fed into gas pipelines. Neither of these options is considered in detail in the
report.

Cost competitiveness of renewable heat technologies

A primary challenge for renewable heat technologies is to become a cost competitive alternative
to both electric and direct fossil fuel heating systems. Renewable heat technologies show varying
levels of technology maturity and competitiveness:

e Modern biomass boilers and stoves, co-firing in CHP installations, conventional geothermal
heat and domestic solar water heaters are technologically mature.

e Enhanced geothermal systems (EGS), higher temperature solar (process) heat, solar cooling
and advanced biofuels used in heating installations are in the demonstration phase or in early
phases of commercialisation.

In comparing cost prices of renewable heat technologies to renewable electricity technologies,
the IPCC Special Report on Renewable Energy shows that although the levelised cost of energy
for many renewable energy technologies is higher than other energy prices, certain renewable
technologies are economically competitive (Arvizu et al., 2011).20 This is particularly true for
renewable heat technologies, showing (median) levelised costs that are within average oil and
gas based heating costs (Figure 6).

The analysis of relative cost competitiveness of renewable heat technologies versus other
renewable energy technologies recently encouraged policy support for renewable heat in a
number of countries, including the United Kingdom, the Netherlands, Belgium and Germany.

19 The EcoHeatCool study reports that about 30% of total industrial heat demand is required at temperatures below 100°C
and 57% at temperatures below 400°C.

20 Annex 1 discusses a more detailed analysis of technology levelised costs.
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Figure 6 ® Range in recent levelised cost of energy for selected renewable energy technologies
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Countries have adopted different strategies to meet the challenges and characteristics of the
heating sector in introducing renewable technologies, as the examples of Denmark and South
Africa show (Figure 7).

In Denmark, space heating demand is high and mainly met through district heating in urban
areas. The combination of extensive district heating networks and high use of wind-generated
electricity has proven to create synergy:

e When electricity prices are at medium or low levels in winter, heat pumps are put to use for
the district heating network.

o When electricity prices are low due to high wind electricity outputs in summer, a combination
of technologies — solar hot water and heat pumps —is used.

Variable wind energy can — under certain circumstances - become a profitable market for district
heating operators because, when electricity prices fall below a certain threshold, gas fuelled CHPs
for district heating systems are turned off and heat is produced by electric heat pumps at very
affordable prices to be sold to district heating system users at average price levels.
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Figure 7 e Case studies: contexts of Denmark and South Africa
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In South Africa, where space heating demand hardly exists, domestic hot water is increasingly
leading to peaks in electricity demands. To avoid power shortages at peak hours due to the
overwhelming reliance on electrical water heaters, of which there were 4.2 million in 2010, the
South African government launched the Solar Water Heating Programme, which aims to install

1 million solar heaters by 2013.21

21 Solar Water Heating Programme is a rebate programme for solar water heater purchasers supported by ESKOM and
funded by a tariff levied on consumer electricity bills fixed by NERSA (National Energy Regulator of South Africa).
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Towards an integrated policy approach for
renewable heat

The integrated policy approach and journey

Over the past few years the IEA has developed and promoted an integrated approach to policy
support for renewable technologies, emphasising that different policies are required at different
phases of the technology maturity pathway, following the S-curve theory (Figure 8, see also

Annex 4) (IEA 2008, 2011c).

Figure 8 ¢ Policy journey: main policy instruments over time
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Policy instruments used during each phase of the journey would respond to different drivers, and
meet specific needs.

In the research, development and deployment phase, policies focus on:

Because the cost-gap relative to conventional technologies is in this phase still very high, policies

The level of natural resource endowment.
The assessment of resource accessibility.
The technical barriers for technology deployment.

And the economic risk related to technology demonstration.

need to attract investment for the technology to successfully demonstrate. RD&D funding is then

expected to flow from private parties and required during the rest of the Policy Journey to

support high quality products and innovation.
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In the inception phase, when first development projects materialise and the initial market spread
of the technology is slow, policies should:

e Allow for the first introduction of full-scale installations provided under commercial terms
(IEA, 2011c).
Tackle major local inhibiting barriers.

e Refine use of resources and cost assessments.

e Support human, institutional and infrastructure capacity.

This phase mainly targets technology credibility, which is essential in the transition from
technology demonstration to mass market deployment. Investors will take high risks and make
sensitive investments at this stage only if risks are publicly backed and governments have catered
for the specific investment needs of renewable heat technologies.

In the mass deployment phase, policy support seeks to:

e Facilitate the consolidation of a supply chain and of a dynamic market in the context of rapid
expansion in use of the technology.

e Ensure that incentives lead to production cost reduction.

e Progressively switch to market-led incentives (IEA, 2011c).

e Streamline administrative procedures.

e Support access to the technology through training and dissemination campaigns.

To do so, policies need to provide certainty, streamlining administrative procedures, exploring
the best paths to support investors and the manufacturing sector, and stimulating product
demand.

In the consolidation phase, where the rate of spread of the technology is slowing as it nears
capacity, policies must:

e Adapt to new cost and price conditions.

e Act as a market stabiliser.

e Support the mainstream acceptance of the technology in public opinion, including building
developers, architects and manufacturers.

e Facilitate training to develop skilled professionals for long-term maintenance and operation.

Since major cost reductions are expected during the mass deployment phase, energy generation
should be cost competitive or close to competitiveness with fossil alternatives. This requires a
constant monitoring of market trends and a progressive phasing out of financial incentives (IEA,
2011).

Global trends in RES H-policies

Policies can target renewable heat technologies either directly or indirectly:

¢ Indirect renewable heat policies can be energy, financial, fiscal or investment regulation.
Indirect frameworks often target the energy system rather than a specific sector (Annex 4).22

22 The energy system is structured according to the energy sources (fossil, renewable, nuclear), the distribution and
conversion network and the type of energy uses (industrial, household). These three categories can be combined in many
different ways to shape a country’s energy system in policy design aimed at boosting renewable energy deployment,
distribution and use in an integrated system.
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e Direct policies primarily address the specifics of the renewable heat sector to diversify the
heat mix.

To analyse the trends in policy design, the main direct policies worldwide have been plotted since

1973 against the different types of policy instruments available (Figure 9).
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Figure 9¢ Development of RES-H policies over time
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The overview shows the rapid increase in number of renewable heat specific policies since 2005:

e In OECD countries, the recent interest in renewable heat policies is most likely to have been
stimulated by Directive 2009/28/EC on the Promotion of the Use of Energy from Renewable
Sources.23 Since the heat sector dominates the final energy balance (see Figure 10),
renewable heat will be a very important contributor to meeting the 2020 renewable energy
targets.

e In non-OECD countries such as India, South Africa and Tunisia, several policies have targeted
solar thermal deployment.

Figure 10 « EU Member States RES-H generation targets by 2020
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Source: IEA analysis of EU Member States RE Action Plans 2010.

Policy tools and government strategies

Over the years, governments have relied on different types of instrument to support renewable
heat, which fall under four main categories:

e RD&D policies: Exploration and demonstration grants, resource assessment.

e Fiscal policies: Tax exemption, reduction, carbon tax.

e Pricing policies: Feed-in tariffs, CHP feed-in premiums.

e (Quantitative policies: obligations, certification schemes with minimum quotas and building
procurements.

RD&D policies

As shown in Figure 9, there is a decline in number of RD&D policies. This is to a large extent
explained by the fact that R&D policies often encompass renewables in general, but also shows a
declining interest in RD&D public programmes over time, mainly because:

e Several technologies have reached technical maturity and economic competitiveness.

2 http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:140:0016:0062:en:PDF
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e Governments tend to downplay the role of innovation and the need for continual
development of a technology.

However, governments in some countries (e.g. Italy, Japan and more recently India) have long
term strategies for advanced heat technologies, and have continuing research support
frameworks either to restore a collapsed market (Japan), or to upgrade one that is taking off
(India).

Fiscal policies

Governments have often relied on tax incentives to improve the cost-competitiveness of RES-H
technologies against fossil-based solutions. Tax incentives have different impacts on the
commercial and residential sectors:

e Tax reductions or exemptions in the manufacturing sector set free a budget for
manufacturers and installers that can then be re-invested. They have proved efficient in
supporting the development of a supply chain and consolidating installation markets.

e In the residential sector, tax breaks have been less appealing than direct rebate or cash
grants, as they affect household budgets at least a year later (IEA, 2007). Also, tax reduction
and exemption would only benefit taxable households, therefore excluding low-income
households that might face greater need for cheaper, more energy efficient and accessible
renewable heat.

Because they are budget-dependent, it appears that fiscal instruments should be limited to the
first two phases of the journey to build up technology competitiveness.

Pricing policies

Pricing policies are still rare in the heating sector. While many electricity feed-in tariffs (FITs)
include a premium for combined heat and power to remunerate useful heat output, only a few
countries have tariff policies dedicated to renewable heat generation.

Two main challenges make it very complicated to remunerate renewable heat production under
a FIT scheme:

e Tariff beneficiaries in the heat sector comprise millions of (building) owners.

e Obliged parties consist of the producers and importers of heating fuels (gas and oil).

A feed-in tariff for renewable heat exists in the United Kingdom. Launched in March 2011, the
Renewable Heat Incentive (RHI) seeks to increase the share of renewable heat from 1% to 12%
of total heat generation by 2020. In designing such a framework, British policy makers faced
several challenges:

e Numerous heat producers.

e Different stakeholders and investors.

e The absence of a district heating network to transport surplus production.

e Problematic accounting for direct use.

e High cost of heat metering in small-scale applications.

To leave some room for adaptability of the new scheme, it was decided that the RHI would first
apply to the industrial sector, and then the building sector.

Germany explored a renewable heat feed-in tariff policy, which led to the idea of creating so
called “transactors” (Burger et al., 2008). To avoid remunerating millions of building owners, the
transactor would distribute the FIT payments to the beneficiaries and aggregate these to claim
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the payments from the obliged parties. With only a limited number of liable parties (about 1 000
in Germany) such a pricing policy would be relatively easy to manage.

Box 2 ¢ Competitiveness of renewable heat technologies in the 2012 SDE+

In 2011, the Netherlands implemented the Renewable Energy Stimulating (SDE+) scheme, which
introduces price competition in awarding renewable energy feed-in premiums: renewable
technologies all compete for contributions from the same budget, with the less costly technologies
eligible for funding first.

Since January 31st 2012, the system also applies to renewable heat and four of the six newly eligible
heat categories fall under the lowest first-phase cost band, introducing several renewable heat
technologies as the most cost competitive options (Annex 2).

This way, the Netherlands aims at coping with its EU 2020 targets of 14% of final energy consumption
from renewable sources in a cost efficient manner, therefore prioritising lower cost options.

Quantitative policies

In the heating sector, few states have implemented policies with a strong regulatory component
such as obligations, certification schemes with a minimum quota, or building procurements.
Renewable heat obligations in new buildings are, however, starting to become more common:
they can now be based on reliable estimates of future market growth, so investment risks should
be low (Roulleau and Lloyd, 2008).%*

The 2011 amendment of the German Act on the Promotion of Renewable Energies in the Heat
Sector, first implemented in 2008, extends the renewable heat obligation initially applying to
new buildings to all existing public buildings used for legislative or executive purposes. This public
procurement programme is paving the way for the obligation to become standard for the entire
building stock.

Many countries initially relied on obligations for public building procurements in the inception
phase of the policy journey to boost technology demonstration and awareness of the benefits of
renewable heat technologies. Some studies nevertheless pointed out that, without an integrated
quality standard or verification scheme, obligation policies might have limited effects or might
remunerate installations that perform poorly or have never actually been activated:

e In Spain, where the 2006 Solar Obligation initially resulted in the uptake of poor quality solar
hot water systems (Connor et al 2009), quality standards have been added.

e In Italy Law 28 approved on March 3 2011 stipulates that all solar collectors will have to be
Solar Keymark certified by 2013 to benefit from any support. This new regulation also
adopted an integrated approach to building heat demand by extending the obligation to 50%
of hot water demand and 20% of space heating demand from renewable sources in new and
refurbished residential building.

Notably, almost nowhere is there a policy to specifically promote renewable heat for industry
and services, although there is considerable potential. It can be argued, however, that some
energy efficiency policies, such as White Certificates systems (Box 3), are likely to have an effect
on the deployment of renewable heat in the industry.

24 Roulleau, T., C.R. Lloyd, (2008), “International policy issues regarding solar water heating, with a focus on New Zealand”,
Energy Policy, Vol. 36, pp. 1843-1857.
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Box 3 e Energy efficiency schemes affect renewable heat deployment

Implemented in 2004, the Italian White Certificate system obliges electricity and gas system
operators to meet a fixed target of energy efficiency and/or energy saving annually. In some cases,
savings are fixed on the basis of the installed unit. For instance, the replacement of an electric boiler
with a solar thermal installation saves 0.154 toe/m2 of glazed solar thermal panel installed. Higher
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Current RES-H policies in each phase of the journey:
case studies

Combining the S curve theory (Annex 3) with several case studies illustrates the challenges to
RES-H technology diffusion and the specific issues in designing an integrated policy approach for
renewable heat policies.

Figure 11 e RES-H policies and case studies analysed
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Figure 11 plots the case studies (below) in each of the four phases of technology development;
the colour codes refer to the RES-H technologies and the initials inside the circles show the
country name.

R&D and D for geothermal deployment: American and Icelandic
pathways

In demonstrating the feasibility and credibility of a technology at the research and deployment
stage, public grants to laboratories and constructers are essential.

Since the RD&D Enhanced Geothermal Systems (EGS) programme started in the United States in
the 1970s, a number of states have allocated RD&D grants to EGS research, resulting in several
small scale demonstration projects, such as the Raft River EGS programme in Idaho. The
Department of Energy also allocated research grants to national laboratories focusing on
advanced spatial imaging techniques and multi-directional drilling. RD&D for EGS technologies
received a financial boost of USD 80 million, by means of the Stimulus Bill of the American
Recovery Act, triggering in 2009 the auctioning by the Bureau of Land Management of land
dedicated specifically to EGS geothermal exploration.”

% http://wwwl.eere.energy.gov/geothermal/pdfs/egs webinar thorsteinsson.pdf American Recovery Act Stimulus /
http://www.geo-energy.org/pdf/reports/April2011AnnualUSGeothermalPowerProductionandDevelopmentReport.pdf  USA
Geothermal Strategy 2010 (2011 report).
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The Icelandic government supported RD&D for geothermal exploration and technology
innovation from the 1940s. In 2009, the country met 100% of its space heating demand through
geothermal heat. The long-term strategy of RD&D grants and loans for geothermal exploration,
drilling and technologies (Icelandic National Energy Authority Fund) and the creation of a
dedicated institution — the Iceland Geosurvey — enhanced the exploitation of its geothermal rich
resources. In parallel, the government built a large-scale distribution system and district heating
network, allowing for efficient transport and distribution of renewable heat from geothermal
energy.

During the RD&D phase it is also essential to support projects related to assessing resource
availability and accessibility.

Inception of solar thermal in Tunisia

The key strategic decision for programme sponsors in the inception phase is the division of
resources between infrastructure support and financial incentives to stimulate market demand.
These should include training for producers, suppliers and distributors; and the development and
dissemination of support tools (e.g. generic specifications, design software, case studies,
marketing articles, fact sheets on environmental benefits).

Figure 12 e Policy evolution and market deployment of solar water heaters in Tunisia
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The Tunisian PROSOL programme has been particularly successful in encouraging the solar water
heater market through a combination of policies and private sector involvement from the early
stages. The evolution of solar thermal support frameworks since 1985 in Tunisia (Figure 12)
shows the importance of an integrated policy approach. Between 1985 and 2004:
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e The Tunisian solar water heater programme was primarily based on VAT exemption for
producers and a state monopoly in installation activities.

e The sector experienced stop-and-go investment subsidies and cash grants.

e A quality control system was introduced, but it was of poor quality, unstable and short-lived.

Since 2004, PROSOL has been successful through its efforts to actively involve all the sector

stakeholders and particularly the finance sector:®

e A loan mechanism that enables domestic customers to purchase solar water heater systems,
repaying through their electricity bills.

e A government capital cost subsidy, up to 100 Dinars (EUR 57)/m>.

e Discounted interest rates on loans progressively phased out.

By identifying new lending opportunities, banks have started building dedicated loan portfolios,

helping to shift the solar water heater market from a cash-based to a credit-based market.

The programme includes other important measures:

e Supply side promotion.

e Quality control of the system.
e Awareness raising campaign.
e Capacity building programme.

The PROSOL programme proved successful in combining policy tools to guarantee the framework
is stable and minimises risk for private investors, demonstrating political will and showing that
the public sector is sharing the cost burden of solar water heaters until it reaches cost
competitiveness with fossil fuels. The installation rate for solar water heaters increased
considerably from 2005, reaching a cumulative installed capacity of 180 000 m2 in 2008 and
400 000 m2 at the end of 2009.

Biomass heat take-off in Austria

Providing a combined and flexible set of policy tools to meet the needs of the different
stakeholders and end users is a major challenge in the take off phase of technology diffusion.

In Austria, where in 2009 40.45% of total commercial heat came from biomass sources (liquid,
solid and gas), a high dependency on oil and high oil prices provoked an interest in renewable
heat (Kalt & Kranz, 2009). In addition to incentives supporting solar heat, Austria implemented an
integrated policy package in support of bioenergy used for heating purpose:

e The Austrian federal 2010 Electricity Feed-in Tariff supports renewable heat through a
combined heat and power premium.

e Subsidies for district heating generators are included in the 2009 Combined Heat and Power
Law.

e The commercial sector is entitled to cash grants as part of the Environmental Support Act.
At the Provincial scale, different legislations apply in support of renewable heat:
e In Upper Austria, farmer cooperatives receive an investment grant — 40% of their initial

investment cost — if they create and feed a biomass district heating system connecting
surrounding areas.

% Detailed information on the PROSOL incentives package: ANME website http://www.anme.nat.tn/index.asp?pld=246
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e In Burgenland Province, households can apply for installation grants for domestic biomass
heaters and income tax reduction for energy saving.

Renewable heat consolidation in carbon taxed Sweden and
obliged Israel

To consolidate the uptake of a technology on the market, policy makers must respond to drops in
market prices following the mass deployment of the technology, and turn their focus to

adaptation of the energy system. Some governments have adopted regulations that affect the
entire energy sector and aim at shifting their economy towards carbon neutral solutions.

Box 4 e Technology neutral policy in support of renewable heat

An example of a policy package that resulted in the market consolidation of renewable heat
technologies is the introduction of the CO2 Tax in Sweden. In 1991 Sweden implemented a tax on
carbon emissions of fossil fuel use with reduced rates for industries.1 In the residential sector, the
carbon tax gradually evolved from 25 EUR/ton CO2 in the early 1990s to about 101 EUR/ton CO2 in
2008 (IEA, 2008b). As a consequence of this fiscal policy renewable heat became cheaper than any
other fossil-based alternative for households as well as for industries, although less remarkably for
the latter (Figure 13).

Figure 13 e Energy prices in Sweden for various customer categories, 2009
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The Swedish carbon tax greatly affected energy consumption in the residential sector in the context
of sufficient biomass resources. The decision to upgrade and expand district heating networks
allowed for efficient renewable heat distribution and access in urban areas.

Several countries such as Sweden, Denmark and Finland applied a carbon tax to the energy
sector, or any kind of productive activities, to balance the cost competitiveness of renewable
technologies against conventional ones (Box 4).

In the case of Israel, the country started focusing on energy savings and independence from fossil
fuel imports as early as the mid-1970s. Among other strategies, in 1980 Israel was the first
country to impose a solar thermal obligation on all new buildings, requiring a certain amount of
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daily heat output to be met with solar hot water, the amount determined by the size of the
property and the type of installation.?’

Some 30 years after the obligation came into force, solar thermal has become a mainstream
technology in the energy market:

e Installation rates grew steadily to reach a total installed collector area in operation of Page | 33
2 101 344 m” in 2009.

e The market showed self-sustained growth without any financial support or price-affecting
mechanism. Today about 90% of the Israeli solar thermal market is in the voluntary market
(ESTIF, 2007).

e The replacement of electric boilers, with about 1.3 million solar water heaters representing a
total installed capacity in operation of about 2 848.5 MW, (Weiss and Mauthner, 2011).28

e |srael saved between 4% and 8% of its total electricity demand each year (according to
different estimates). This share is highly relevant in a country with high energy dependence
and forecast electricity demand growth of 6.3% in 2010.29

z Except for those higher than 27 metres and those used for industrial and trade purposes.

8 REEP, Renewable energy country profiles, Israel, Accessible online at: http://www.reegle.info/countries/israel-energy-
profile/IL

 |srael Renewable Energy Association, Energy efficiency policies in Israel: Opportunities and prospects, Accessible online at:
http://www.eclareon.eu/sites/default/files/praesentation_eitan parnass.pdf
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Principles and next steps for policy makers

Policy principles

Some policy principles adopted in developing and deploying renewable heat technology may
need greater attention than they have had so far. We aim to explore these principles by
discussing the specific barriers for development and deployment of renewable heat technology in
the context of its past development and the overall IEA approach to determining policy
principles.

As a technology progresses towards maturity, there is a need for a combination of technology
push — RD&D and inception phases — and market pull — take-off and consolidation phases (Figure
14).

Figure 14 ¢ Technology push versus market pull instruments
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Figure 14 shows the general renewable energy policy principles as explained in the context of the
policy journey (IEA, 2011c). In the early RD&D phase of a technology development, policies will
be concentrated on technology push, but they must gradually move to market pull in the
inception and take-off phase while eventually fading out in the consolidation phase as the
technology matures. Some key questions need to be asked: how are these principles applied to
renewable heat? Does it have specific policy challenges in terms of technology and market? Are
additional policy principles to those illustrated in Figure 14?

An examination of deviations or additional challenges for renewable heat in each of the four
phases should demonstrate the extent to which additional policy attention for renewable heat is
justified.
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Additional challenges for policy makers

In the RD&D phase

e Renewable heat technologies do not seem to be particularly different from other renewable
energy technologies in terms of innovation and technology development needs.

e RD&D investment from the public sector should target areas with high risk and long-term
perspectives.

e Private sector involvement usually tends to be in pre-competitive, short-term demonstration
and commercialisation of technologies.

In the inception phase

In the inception phase, market pull policies are needed to address the characteristics of the heat
and renewable heat market. General policy principles for encouraging deployment of renewable
energy in the inception phase state that investor confidence can be created by the development
of a clear roadmap that illustrates how the market is bound to grow sustainably and at a
considerable volume (IEA, 2011c). In designing a roadmap or strategy for the renewable heat
market, additional effort may be needed as a consequence of limitations in transportability of
(renewable) heat:

e In the inception phase, it is crucial to address the variety of investors, tackling their specific
investment decision criteria.

e Renewable heat policy design should address the relation to and competition with energy
efficiency.

e Developing a national renewable heat strategy will need to address limitations in
transportability of (renewable) heat and recognise its variability in time and in temperature
levels.

e Training of gatekeepers and strengthening the market infrastructure is crucial in this phase.

In the take-off phase

In the take-off phase, the deployment of the particular technology is underway within the
national market, the supply chain is in place even if not fully developed and investors have
increased knowledge of the technology (IEA, 2011c). The priority for policy makers is to maintain
or accelerate market growth, while managing overall policy costs.

As a general policy principle in this phase, it is considered important to establish a predictable
support environment that is flexible enough to adapt to market and technology developments:

e Schemes are needed that avoid “stop-and-go” cycles and do not overburden government
budgets. Finance could come from policy support outside the government budget or by
earmarking funds ahead of time in combination with a guaranteed time period that the
scheme will continue to be in place.

e Only a small part of the heat market shows resemblance with the electricity market:
district heating. In these cases successful policies based on support on the basis of output
(FIT) may be a good strategy.

e However, applying renewable electricity policy successes, such as feed-in-tariff schemes, to
the renewable heat market is not straightforward in end-use sectors without heat metering.
Absence of a heat grid may sometimes even make such schemes counterproductive.
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e In the building sector, the financing of domestic heat appliances by private households and
the split-incentive problem are important non-economic barriers that should be addressed by
innovative business models and policies.

e In this phase non-economic barriers should be removed in both building and industry sectors.
Non-economic barriers like the split-incentive also affect renewable heat deployment in the
industry sector and must be tackled (Ecofys, 2010).

In the consolidation phase

In the consolidation phase, technologies are well established, the market has grown substantially,
supply chains are robust and financing and public institutions have streamlined their procedures
(IEA, 2011c). The technologies are close to or fully cost-competitive (ibid.).

Economic support mechanisms are being phased out at this stage, as technologies are able to
compete with alternatives. The specific challenges for the heat sector that are related to the
dispersed and heterogeneous group of stakeholders are therefore no longer an issue in this stage
of renewable heat technology deployment.

e In the consolidation phase, the system integration of renewable heat might be less
challenging than that of renewable electricity, as grid integration is no issue.

e The local character of heat is likely to encourage public acceptance. Evidence shows that the
local, or at the most regional, production of heat — e.g. in community projects with communal
heat systems or in district heat systems on a city scale — has often gained strong support from
local communities.
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Conclusions and next steps

The production of heat is responsible for a large share of final energy demand, with 47% of final
energy used for heat in 2009 worldwide. Expanding the use of modern biomass, geothermal
energy, solar energy and ambient energy to produce heat could thus make a substantial
contribution to meeting energy security and climate change objectives. Encouraging greater
deployment of renewable heat requires more attention to policy design and the specific
challenges of this market.

The analysis of specific barriers and experience with previous renewable heat policies in the light
of IEA’s general policy principles for renewable energy enables additional policy principles for
renewable heat in certain phases of the policy journey to be identified (Figure 15).

Figure 15 ¢ General policy principles for renewable energy technologies
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The heat market has been described as very heterogeneous in terms of the stakeholders and
investors involved, the influence of differing climate conditions and the influence of different
heat energy infrastructures. Since the (renewable) heat market shows a number of very specific
characteristics that differ from country to country, policy principles for renewable heat must
differ, especially in the inception and take-off phases. In those two phases of technology
development, market conditions are particularly important: demand pull policies will have to
persuade the various dissimilar elements of the market to invest in a technology that is not yet
cost-competitive (Figure 15).

The heat market is determined by investors in two end use sectors: building and industry.
Investment decisions for renewable heat are largely taken by end-users, which suggests parallels
with investment decisions for energy efficiency in these sectors. Renewable heat policy design for
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these end-use sectors may therefore have more in common with energy efficiency policy design
than with renewable electricity policy design.

This parallel between renewable heat and energy efficiency also affects end-users’ investment
decisions. The investors in renewable heat and in energy efficiency are often the same and these
investment decisions thus compete with each other. Moreover, where energy efficiency is low,
renewable heat is produced in higher quantities than strictly needed and thus investment in
renewable heat is inefficient. Policy support for renewable output should address energy
efficiency at the same time, as it could otherwise lead to inefficient allocation of resources and
over-subsidisation.

The district heating market is one element where decisions are not taken by end-users. However,
few countries have any central heat production and distribution through district heating
networks. The district heat market is similar to the electricity market in that it has a grid and
utilities are responsible for energy production. In these cases proven policies for renewable
electricity, based on support of energy output, may provide a good strategy for renewable heat
as well.

Countries’ heat markets differ considerably, as has been noted, as a result of the variety of their
climate conditions, their heat-producing histories and conventions and existing infrastructures
(e.g. gas distribution, district heat, or indeed no infrastructure in warm climates where heat is
often produced by electricity). As a result, each market may require different, customised
renewable heat policy approaches suited to local conditions. The challenge will be for these
approaches to target as many RES-H technologies and stakeholders as possible, ideally with the
smallest number of policies and financed outside state budgets.

On the basis of the findings in this study, the following key findings have been identified:

e The heat market comprises two end-use sectors: building and industry. Renewable heat
policy design for end-use sectors may have more in common with “energy efficiency” policy
design than with renewable electricity policies.

e Renewable heat investment often competes with energy efficiency investment. Moreover,
renewable heat policy should address energy efficiency in order to avoid over-subsidisation.

e Only a small part of the heat market shows resemblance with the electricity market: district
heating. Here, successful policies based on support on the basis of output may be a good
strategy.

On the basis of the findings in this study, the following key actions have been identified:
e The characteristics and specific challenges of the (renewable) heat market require greater
attention to the design of renewable heat policies.

e General principles for the design of renewable policy support (as discussed in IEA, 2011c)
should be taken into account in renewable heat policies.

e Renewable heat policy design needs additional attention in the inception and take-off phases.

e More attention is needed for differentiation of renewable heat policies along different
renewable heat sectors:

. Feed-in-tariffs or renewable heat portfolio standards may be considered for commercial
heat, which shows metering and grid similarities with the electricity sector.

. Subsidies and tax incentives may be useful approaches for renewable heat technologies in
end-use sectors, which do not have metering or a heat grid.
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e Support and facilitation for new business models that address financing and up-front
investment barriers is needed, to facilitate investment in renewable heat technologies,
particularly in the building sector.

e It is recommended that governments should seek options to make economic incentive
schemes independent of annual government budget appropriations, e.g. by means of levies to
fossil fuel consumption. This would avoid the “stop-and-go” policies experienced in the past Page | 39
for renewable heat technologies in end-use sectors.

e The heterogeneity of the heat sector, with its great variety of stakeholders, climate conditions
and heat infrastructures, requires customised approaches to renewable heat policy based on
local market conditions.
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Acronyms, abbreviations and units of measure

Acronyms and abbreviations

Page [ 40 cyp combined heat and power
COP coefficient of performance
CO. carbon dioxide
EGS enhanced geothermal system
FIT feed-in tariff
RHI renewable heat incentive
VAT value added tax

Units of measure

GWy gigawatt thermal
toe tonne of oil equivalent
m? square metre
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Annexes

Annex 1: Comparison of renewable technologies: status, scale,
global production and costs

Table 4 e Comparison of renewable technologies: status, scale, global production and costs
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Annex 2: Cost of heat and electricity technologies

Figure 16 » Cost of heat and electricity technologies as included in the Dutch SDE+ scheme
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Annex 3: The S-curve approach

The S curve shows the maturity of a technology on a market, i.e. the level of technology diffusion
accumulated over time. Maturity is a plural concept. Technological maturity relates to the

technical feasibility, accessibility and efficiency of a renewable technology. Market maturity Page | 43
shows the level of competitiveness of the renewable technology against fossil sourced
generation (IEA, 2011c).

Figure 17 e S-curve approach
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The level of market maturity of a certain technology can vary dramatically from one national
market to another, and at the regional or global scale.
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Annex 4: Direct and indirect renewable heat policies over time

Figure 18 shows red and blue dots to represent the presence of policies in a country.

Red dots show indirect renewable heat support policies (i.e. energy, financial, fiscal and
investment laws and policies) which might include renewable heat technologies or affect
renewable heat deployment but do not target them primarily. Indirect frameworks often target
the energy system rather than a specific sector.30

For instance, the 1974 USA Energy Act provides investments grants for households and
businesses investing in alternative energy equipment, including solar thermal. The Austrian
Renewable Energy Industrial Programme allocates grants to renewable energy manufacturers,
including biomass heat manufacturers. These policies have a broader scope than renewable heat
but affect the heating sector or specific renewable heat technologies.

Blue dots represent direct renewable heat policies, such as tax exemption for renewable heat
technology constructors, obligation of use of renewable heat technologies in buildings, or feed-in
tariffs for renewable heat generation. Israel enacted an obligation of use for solar water-heating
systems in new buildings in 1980; and the 2006 Spanish Technical Building Code includes a
minimum solar contribution to domestic hot water in new and refurnished buildings.*

*® The energy system is structured according to the energy sources (fossil, renewable, nuclear), the distribution and
conversion network and the type of energy uses (industrial, household). These three categories can be combined in many
different ways, shaping a country’s energy system and affecting how policy design can best target renewable energy
deployment, distribution and use from a system integrated perspective.

31http://www.estif.org/fiIeadmin/estif/content/poIicies/downIoads/CTE_solar_thermal_sections_ENGLISH.pdf
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Figure 18 e Renewable heat policies (direct or indirect) from 1973 to 2011
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