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Business as Usual

Bureau of Energy Efficiency (India)

Bureau of Indian Standards

European Committee for Standardization

Clean Energy Standard

China National Institute of Standardization
Coefficient of Performance (the measure of heat pump efficiency)
China Quality Certification Centre

Coefficient of Thermal Performance

Energy Conservation Building Code (India)

Energy Efficiency Obligation

Energy Factor (USA)

Electric Instantaneous Water Heater i.e. tankless
Energy Service Company

Electric Storage Water Heater

Evacuated Tube Collector

Financial Institution

Flat Plate Collector

Gas-combi water heater (provides hot water and space heating)
Gross Domestic Product - Exchange rate method
Gross Domestic Product - Purchase Power Parity method
Gas Instantaneous Water Heater i.e. tankless

Gas Storage Water Heater

Heat Pump Water Heater

Indian Renewable Energy Development Agency Limited
investment tax credit

Jawaharlal Nehru National Solar Mission plan (India)
Least Life Cycle Cost

Liquid Natural Gas

Liquid Petroleum Gas

Municipal Corporation

Minimum Energy Performance Standard

Ministry of New and Renewable Energy (India)
Ministry of Finance - India

Monitoring Verification and Enforcement
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National Renewable Energy Laboratory (USA)
Property-Assessed Clean Energy

Power Purchase Agreement
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Renewable Energy Credit

Renewable Energy Service Company

Renewable Portfolio Standard
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Solar Heating and Cooling

Small and Medium-sized Enterprise

State Nodal Agencies (India)

Solar Renewable Energy Certificate

Storage Volume (EU)
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V40 mixed water at 40 °C (EU water heater capacity metric)
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Executive Summary

Water heating accounts for a considerable proportion of domestic energy use in all economies. Yet,
the most common technologies used to provide warmed water are far from optimized from an
energy performance perspective. This study reports the findings of an investigation into the
potential to save energy through the adoption of more efficient water heaters in three major
economies, China, India, and the USA. The analysis indicates that the share of residential final
energy consumption taken by water heating varies significantly across all these economies. In China
water heating is estimated to have accounted for 7.1% of all residential commercial energy
consumption in 2015, in India 5.4%, and in the US 18.5%. These variations indicate that there is
considerable scope for demand for hot water to increase as per capita GDP and urbanization rises in
China and India. That growth can also reflect the influence of technology choices, climate, and
cultural factors in the demand for energy to heat hot water.

Energy policy has been relatively successful in promoting relatively high efficiency water heaters
using the same fuel type (i.e. electricity or gas).However these policies have been much less
successful, with the exception of in China, at stimulating adoption of the most energy efficient
technologies across all fuel types. China and the US apply energy labeling and MEPS for different
water heater technologies while India has energy labeling for electric storage water heaters.
However, none of these economies have yet followed the EU’s lead and introduced energy labeling
that applies consistently across all water heater technologies, be they gas storage water heaters,
gas instantaneous (“tankless”) water heaters, electric storage water heaters, heat pump water
heaters or solar water heaters. The implementation of labeling and other policy measures that
reveal the true energy efficiency performance of all competing water heater technologies presents
a major energy savings opportunity. The energy savings advantages of the most energy efficient
technologies (currently solar water heaters and heat pump water heaters) need to be apparent to
the market in order for consumers to be properly informed regarding their available choices.
Current labeling practices where a conventional electric storage water heater with relatively low
standby losses might be indicated as being highly efficient risk confusing consumers if they are not
able to see how this compares with products using a different technology that offer much better
energy performance.

The actual savings attributable to using the most efficient water heater technologies are partly
dependent on locally specific factors such as: climate and water usage profiles. However, accepting
more efficient technologies also depends on physical constraints affecting the way water heaters
site, relative willingness to wait for water to be heated, accepting periods with lower delivered hot
water temperatures, and aesthetic preferences. Water heater selection is also strongly affected by
consumers’ willingness or ability to invest in the initial higher cost technologies that save energy
and costs over their functional life. Most siting limitations can be mitigated for new build housing
through integrating efficient water heater technology at the outset. However, there can be more
constraints when an efficient water heater technology is considered as an option for replacement of
an existing technology.

In general the most energy efficient and cost effective solutions over the water heater life span are
solar and heat pump water heaters. While these technologies can be used successfully in most
circumstances they are not applicable in all locations. Their suitability varies as a function of
several factors such as available space to mount collectors or heat pump water heater units,
climate, water usage patterns, and required recovery times, etc.

Water heater energy scenarios
This study assessed the likely energy consumption for water heating in the three economies from
2015 to 2035. Three scenarios were considered as follows:

e \\//
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e aBusiness as Usual (BAU) scenario wherein it is assumed that current policies are
maintained

e alLLCC (LLCC) scenario, wherein viable water heater technologies which offer the lowest
costs to consumers over their operating lifespan are adopted

e a Recommended Policies scenario, wherein the policy measures recommended in this report
are implemented

Figure ES1 shows that water heater energy demand is expected to rise by over a factor of 2.8 from
2015 to 2035. The BAU scenario includes the effects of the various energy efficiency policies China
has already implemented to encourage high efficiency water heating. By contrast, if energy
efficient water heaters were chosen whenever they can be physically deployed, demand would only
rise by a factor of 1.4. This is despite the fact that of the three economies considered, China has
comfortably the highest proportion of solar water heaters (comprising about 35% of the stock). The
extra savings in the LLCC scenario are due to the adoption of an even higher proportion of solar
water heaters. It replaces most remaining electric storage water heaters by heat pump water
heaters. In the recommended policies scenario, case water heater energy consumption stabilizes at
about 65% above the 2015 levels by 2026 and is roughly 38% below BAU levels in 2035.

Figure ES1. Estimated Water Heater Primary Energy Consumption in China for the BAU,
Recommended Policy and LLCC Scenarios
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The equivalent analysis is shown in Figure ES2 for India. In this case water heater commercial
energy consumption is set to rise by a factor of 3.2 from 2015 to 2035 for the BAU Scenario, but
only by 1.04 under the LLCC scenario. Adopting the LLCC water heater technologies would save 68%
of all water heater energy use in 2035. In reality there are many reasons why the LLCC scenario will
not come about but if the policies recommended in this study are vigorously implemented it is
estimated that water heater energy use would be 31% less than under the BAU in 2035.
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Figure ES2. Estimated Water Heater Primary Energy Consumption in India for the BAU,
Recommended Policy and LLCC Scenarios
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The findings for the US have some similarities but also some differences. Under the BAU scenario,
water heater energy demand is expected to peak in 2031 at only slightly higher levels than in 2015.
This is due to a relatively saturated demand for hot water and the impact of existing policy
measures that tend to offset the ongoing increase in population. The savings under the LLCC
scenario reach 32% in 2035. These are less than in the case of India and China but this is not
because the US has already adopted more efficient water heater technology. Rather, it reflects
that water heater ownership is already fully saturated in the US. Thus the relative importance of
replacement sales as opposed to new build is much greater. This reality imposes greater constraints
on the suitability of solar and heat pump water heaters. The other important factor is that US
citizens will not generally accept solar water heaters without back-up heaters. The installed cost of
solar water heaters is much higher than in the other economies, making this technology less
competitive with incumbent technologies.

Yet promotion of sales of the higher efficiency technologies is a critical aspect of means of making
them more competitive on an initial costs basis with the incumbent water heater technologies.
Solar thermal water heaters are reported to have a long term learning rate of -15% which means
that for each doubling of the installed stock the price of installed systems is expected to reduce by
15%. For heat pump water heaters a slightly faster rate of decline is expected. A key objective of
promotional measures should be accelerating the rate of adoption in the early years so that these
technologies develop a stronger market position through increased first cost competitiveness. All
the scenarios considered above take the effect of technology learning curves into account. As a
result, scenarios that see faster rates of adoption of the high efficiency technologies with respect
to the incumbent technologies experience progressively greater cost effectiveness over time.

The recommended policies scenario in the US leads to primary energy savings of 18% compared to
the BAU scenario by 2035. These savings would be expected to grow considerably beyond this time

e \\//
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frame. They would also progressively become more into line with the relative levels of savings
reported in China and India.

Figure ES3. Estimated Water Heater Primary Energy Consumption in the US for the BAU,
Recommended Policy and LLCC Scenarios
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In each of the higher efficiency scenarios considered there is a substantial shift in the installed base
of water heaters towards the higher efficiency options. An example is shown in Figure ES4 for water
heaters in India under the least life cycle cost scenario. In this case the stock of water heaters
migrates from a base wherein electric storage and instantaneous water heaters predominate into
one where solar water heaters, gas instantaneous, and heat pump water heaters account for the
large majority of hot water supply.
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Figure ES4. Estimated Water Heater Final Energy Consumption in India for the LLCC Scenario by
Water Heater Technology
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In the higher efficiency scenarios, the cost of adopting the higher efficiency technology does not
exceed the value of the savings. The US recommended policies scenario’s cost is higher than its
benefits up to the 2035 cut-off period (but would be much lower were the scenario period to be
extended). This is because the study only includes higher efficiency technologies that are cost
effective over their operational life span as potential substitution technologies. The least life cycle
cost scenarios produce the greatest cost savings to 2035. These scenarios lower the total hot water
service delivered cost by 27% in China, 42% in India, and 12% in the US over the scenario period.
This amounts to annual savings of 154 billion RMB in China, 296 billion Rupees in India, and US$6.3
billion in the US in 2035. Energy savings on such a scale would also produce substantial reductions
in CO, emissions. Under the LLCC scenario some 186 Mt of CO, emissions would be saved across the
three economies in 2035 (119 Mt in China, 34 Mt in India, and 33 Mt in the US) compared to the BAU
case. Under the Recommended Policies scenario the savings would be 124 Mt of CO, emissions
across the three economies in 2035 (88 Mt in China, 16 Mt in India, and 19 Mt in the USA).
Cumulatively to 2035 the LLCC scenario saves 2364 Mt of CO, compared to the BAU scenario
whereas the Recommended Policies scenario saves 944 Mt of CO,.

Water heater energy policies

There is substantial potential in China, India, and the US to save energy and CO, emissions through
the promotion of stronger policies to encourage the adoption of high efficiency water heating
technology across all energy source types. There are already many policy measures in place to
promote water heater efficiency. The study includes a detailed review of existing policy measures
and a gap analysis to indicate policies that could be considered but have not yet been
implemented. Table ES1 indicates the implementation status of generic policy instruments that
could be applied to support high efficiency water heater choices in each economy. They can be
structured to create an incentive or obligation to install more efficient or renewable energy based
water heaters. Some of these measures may exist but are not necessarily established in a manner
that supports high efficiency water heaters. For example, utility renewable energy portfolio
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standards may be structured so they only focus on renewable electricity supply rather than
renewable thermal energy supply. They may favor heat pump water heaters but not solar thermal
water heaters. Equally, building codes may be structured so they give no incentives to renewable
energy sources or to the efficiency of installed equipment, such as water heaters. The strength of
impact of such measures very much depends on their details.

Table ES1 Summary of generic policies that could be applied to high efficiency water heaters

National renewable energy targets Yes India No
National energy efficiency targets Yes Yes No
Renewable Heat Incentives No No No
Renewable Heat Obligations No No No
Utility Renewable Energy Portfolio Standards or Obligations Some No Some
Utility Energy Efficiency Portfolio Standards or Obligations Some No Some
Renewable Energy Credits No Some Some
Renewable Energy Certificate Schemes No No Some
Energy Efficiency Certificate Schemes (White Certificates No No Some
or Tags)

Building Energy Codes Yes No Some
Building Energy Performance Certificates or Disclosure Some Some Some
Solar Energy Obligations Some No One

Mandatory policy tools to address convenience of energy efficient water heaters

Mandating the installation of high efficiency water heaters is the main policy tool used to ensure
that high efficiency water heaters are installed regardless of any short-term inconvenience issues.
Mandated measures can take the form of: prohibiting inefficient water heaters from sale,
prohibiting low efficiency water heaters from being installed, or requiring certain high efficiency
technologies, such as solar water heaters, to be installed.

Both China and the US have extensive MEPS applying to specific water heater technologies but India
does not yet have these. None of these economies has implemented MEPS that apply across water
heater types and is based on ensuring that no water heaters are used that are less than a certain
efficiency.

Only China, India, and Hawaii in the US have local solar ordinances or building codes in place that
require solar water heating installation. The scope of application of these measures varies. They
are more common in China than India and currently only affect a modest proportion of the total
building stock. Such ordinances are likely to be more effective at transforming the market when
there is significant new build and low levels of water heater adoption. Ordinances are less likely
when it predominantly replaces market with existing incumbent technologies. Such measures are
also more politically and socially acceptable in economies with traditions of central planning and/or
where water heating is a newer service.

Energy labeling and visibility of high efficiency water heater performance

China has the most extensive water heater energy labeling program among the three economies as
they have energy labels for electric, gas, solar and heat pump water heaters. The US has labeling
for all types except solar water heaters. India currently only has energy labels for electric storage
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water heaters. They do not yet permit differentiation between a conventional product with very
low standing losses and a heat pump water heater with much greater energy efficiency. The
problem with the labeling in these economies is that they do not allow comparison across the
different water heater energy types: gas, electric and solar. Nor do they always permit comparison
between heat pump water heaters and other electric water heaters. Consumers cannot clearly see
the difference in expected performance from adopting one technology and source-energy
configuration compared to another.

Incentives to ensure upfront costs are affordable for consumers

All of the economies have some economic incentives in place for solar water heaters; however,
these have only been in place at the national scale, at a significant level and for a sustained period
of time in China. This is the main reason the penetration of solar water heating is so much higher in
China than the other two markets. To stimulate the market for solar water heaters, markets need
subsidies/rebates/financing to significantly reduce the incremental first cost of solar compared to
competing water heater technologies and to remove risk for the end-user. To make a significant
difference to the solar market share, these financial incentives and financing mechanisms need to
be sustained for some considerable period of time. As the market develops, and consumer
familiarity and acceptance of the technology increases, incentives can and should be structured to
reduce. Incentives should reduce even more sharply as the increase in market volume accelerates
the learning curve for the cost of deployment; ie by which extra sales volume helps foster
economies of scale in manufacturing (turning solar water heaters from an SME to consolidated
industrial production activity) and in the costs of installation (noting that installer costs are a
significant part of the overhead for solar water heaters and are quite sensitive to scale).

In the US the current federal tax credits for solar water heaters which are valued at 30% of the
system cost, are due to expire in 2016. In China the long-running national level subsidies for gas,
heat-pump and solar water heaters all ended in 2013. However, these two cases differ. The US tax
credits are relatively recent in origin and have not been in place long enough to make a serious
difference to the size of the market. Whereas the Chinese incentives were sufficient and sustained
for long enough to help stimulate a transformation in the Chinese market.

Awareness raising

Each of the Chinese, Indian, and US governments have implemented some awareness raising
measures for solar water heating and in the case of China and the US heat pump water heaters, but
these measures have been of a modest scale, see Chapter 3. In the case of the US many of the
promotional efforts managed at the Federal level seem to be aimed at practitioners or relatively
well engaged consumers rather than at the public at large.

Quality assurance

China and the US have adopted schemes to assure and promote the quality of solar water heaters
and India has a scheme under development, see Chapter 3. The US also has quality assurance
schemes for conventional gas and electric storage water heaters.

Recommendations

Adopting the LLCC technologies is expected to save between 23% and 68%* in primary energy
compared to continuing with BAU and to appreciably reduce the life cycle cost of the water heating
service. However, stronger and more coherent policies are needed to achieve these changes. In
particular, measures are needed that:

1 The Least Life Cycle Cost scenario leads to maximum water heater primary energy savings compared to
the BAU scenario of 23% in the USA, 58% in China and 68% in India.
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o Allow easy comparison of the overall energy performance of different water heater
technologies across technology types to help clarify the value proposition of the different
choices available;

e Help explain and promote the value proposition of high efficiency water heater
technologies to consumers so they feel informed and empowered to select the most
efficient and cost effective technology choices;

e Lower initial cost barriers to the adoption of high efficiency water heaters;

e Support the deployment of high efficiency water heater choices, most notably solar and
heat pump water heaters, so that their incremental costs compared to traditional less
efficient choices decline due to learning curve effects

e Ensure quality is maintained in the technology, installation, and servicing of high efficiency
water heating technologies to build competence and confidence in the supply chain.

While the specifics of the measures that are needed in each of the economies investigated (China,
India, and the US) differs there are many common elements. Specifically, energy efficiency
regulators need to adopt test procedures that measure and compare water efficiency across
technology types. They equally need to implement energy labeling and other product rating,
ranking and consumer awareness raising measures that facilitate easy comparison of product energy
performance across technology and energy types. Public awareness efforts are necessary to clarify
the value proposition of high efficiency water heater technologies and explain how best to acquire
and use them. Economies need financial measures to remove the higher first cost barrier, be it
through incentives or modified pay-as-you-save business models. Most importantly, financial
incentives must be of a sufficient scale to promote wide spread adoption. Technology adoption risk
needs to be minimized by supporting quality assurance schemes and through underwriting risk in
the event of failures. Over the medium term the additional cost of the high efficiency solutions
needs to be minimized through stimulating large scale deployment and accelerating learning curve
effects. Once the quality of service is sufficiently reliable, the scale of delivery at a suitable level
and the economic benefits established it may be appropriate to lock in the higher efficiency choices
through mandatory regulatory measures such as minimum energy performance standards, building
codes, and ordinances.

Overall the development of a coherent program will require the conscious development and
implementation of a high efficiency water heater strategy. While this may be steered at the
national level, input and implementation will often be at the local level. Thus resources will be
required to help develop and roll out the strategy both nationally and locally. The benefits from an
effective program are high. They will need strongly resourced activities aiming at the long-term
transformation of the water heater market towards the highest efficiency options. Broad-based
stakeholder engagement combined with sustained public policy efforts will be essential for the
successful implementation of this strategy.
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01 Introduction

This report was prepared by Waide Strategic Efficiency Ltd (UK), MP Ensystems Advisory (India), Hot
Water Research (USA), Top10 China (China) and ARMINES (France) for the CLASP project RFP#8-14
“Policy Opportunities for More Efficient Residential Water Heating”. It aims to supply information
on policy coverage and indicate where there are gaps in the current policy portfolios to promote
energy efficient water heaters in China, India, and the US. It further analyzes energy savings
potentials and their associated impacts and proposes a set of policy recommendations for each
economy. The detailed scope of work for the project is specified below.

Scope of work

The policy study covers residential water heaters -including electric, gas and solar powered
appliances, tank, tank-less, and heat pump types in the economies of: China, India, and the US.
The study is divided into three tasks as indicated below with their associated sub tasks and the
sections of the report where the information is presented.

Task I. Gap Analysis

A gap analysis shows where there is a dearth of existing policy coverage that could produce
significant savings were the gap(s) to be addressed. The gap analysis should be conducted for each
economy under the scope, by comparing the existing policy coverage in the economy (by water
heater type), and overlaying the information on market share by water heater type, to see if there
are significant policy gaps against preponderant water heater types.

Task Il. Derivation of energy, CO, and economic savings scenarios from systematic move towards a
more efficient mix of water heater technologies

The objective of this analysis is to identify and quantify the policy opportunities in each economy
from encouraging the adoption of the most efficient types of water heater and the migration away
from the least efficient. This includes a derivation of the energy savings potential from adopting an
alternative high efficiency water heater technology (e.g. solar or heat pump based instead of
storage tanks heated by electric resistance) rather than choosing an incrementally higher efficiency
product from within one of the conventional technology classes (e.g., better insulated electric
resistance storage tanks). The development of this exercise should consider long range energy
scenarios that mapped movement towards solar and heat pump water heating. It should also take
into account economic considerations, interaction with space heating (e.g. via combi-units where
these are prevalent), and any limiting factors (e.g., availability of the energy source, etc.).

Task Ill. Policy recommendations (by economy)

Based on findings of Tasks | and Il, develop a set of policy recommendations targeted to each
economy under scope, not only considering MEPS and labels but also policies that stimulate
technology switching.

A note on how to read the report. In order to facilitate comparison and for completeness tables by
economy are mostly presented in a common format that shows the relevant parameter (e.g. energy
performance test procedure or regulation) for each type of water heater considered by the study. If
cells are empty it indicates that there is no such test procedure, regulation or other requirement
for that product type within the specified economy.
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General context

In most economies sanitary water heating is one of the largest residential energy end uses and
typically accounts for from 5% to 25% of delivered energy. This makes it one of the most important
sources of energy use and CO, emissions and a major part of domestic energy expenditure.

Water heaters may be gas, electric, or solar powered. They can be instantaneous, typically
positioned close to the point of demand, or they may use storage tanks connected to the points of
demand by a distribution system. Electric water heaters may use heat pump technology (usually air-
source) to increase the overall efficiency or they may be more conventional designs that simply use
electric resistance heaters. In some economies, most notably Europe, water heating can also be
provided by the same device used to provide space heat through a “combi-boiler” design that has
one heating loop for sanitary hot water and another to supply water into a hydronic heating system.

MEPS and labeling schemes developed for water heaters around the world have traditionally been
based on a specific set of standards and metrics differentiated by water heater type. For each
subtype (with/without storage, energy source, controls, and so on), there are specific energy
performance metrics that express the ratio of heating energy delivered to the energy consumed. In
the US these are known as the “energy factor”. These numerous differentiated classifications
reveal the difference in performance of products within the same technology sub-class. At the same
time, they can actually act as a barrier to energy efficiency improvement through inhibiting
comparison across water heater technology classes. This is especially true for water heaters where
there is far greater energy savings potential from adopting an alternative high efficiency water
heater technology (e.g. solar or heat pump based instead of storage tanks heated by electric
resistance) than there is from choosing an incrementally higher efficiency product from within one
of the conventional technology classes (e.g., better insulated electric resistance storage tanks).
Thus the propagation of efficiency definitions within technology “silos” has encouraged a
conservative market.

The most interesting international equipment standards and labeling policy development in recent
years has occurred in Europe. The Ecodesign Lot 2 process began in 2006. It built firmly on earlier
work looking at efficiency within technology classes. The Ecodesign Lot 2 process also recognized
the need to develop a means of putting all water heater technologies on a single scale. The
intention was to allow end-users to compare different technologies and their energy performance
on a single efficiency scale. For example, consumers can compare electric storage water heater and
a condensing boiler with storage across several criteria to decide which one suits their needs best.
After seven years of intensive work and policy development, the new regulation on water heaters
was adopted in 2013. The approach gives a much larger potential in terms of energy efficiency
improvement from MEPS and labeling because the differences in energy efficiency between the
different technologies are much larger than within the same technology type.

Figures 1 and 2 show the range of difference found between water heater products available on the
market. The study used the US Energy Factor? approach to define water heater efficiency. The
higher the Energy Factor value the more energy efficient the product. Figure 1 shows the actual
Energy Factor which is based on site (i.e. final) energy and hence does not take into account typical
losses from the generation and distribution of electrical energy. Figure 2 shows the same data once
primary to secondary energy conversion losses have been taken into account by assuming a primary
energy conversion factor of 0.4 for electricity and 0.97 for gas. The results are shown in each case
for:

ESWHs = electric storage water heaters
EIWHSs = electric instantaneous (i.e. tankless) water heaters

2 https://en.wikipedia.org/wiki/Energy factor
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GSWH:s = gas storage water heaters
GIWHs = gas instantaneous (i.e. tankless) water heaters
HPWHSs = heat pump water heaters

Figure 1. Typical Energy Factor ranges for different types of water heater
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Figure 2. Typical Energy Factor ranges for different types of water heater after adjusting for
primary to secondary energy losses
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The high efficiency data in the graphs for some of the water heater technology types (HPWH,
GSWH, GIWH) comes from the Energy Star product database as accessed in October 20153,

The graphs show there is much greater difference in efficiency between product types than within
them. Furthermore using the Energy Factor based on site (final) energy as in Figure 1 gives the
impression that there is little difference in efficiency between electric and gas water heaters and
that conventional electric water heaters are slightly more efficient; however, this ignores typical
thermally generated electricity conversion losses. If these are taken into account (using a fairly
typical primary to secondary energy conversion factor as shown in Figure 2) the gas water heaters
have a clear energy efficiency advantage except compared to heat pump water heaters®.

Solar water heaters are not shown on these figures because the Energy Factor metric has no
meaning for these products unless they are designed to be used with a back-up conventional energy
source (i.e. electric or gas-fired back up systems). In this case the Solar Energy Factor® (SEF) can be
considered as a roughly comparable metric. This is typically shown to be between 1.2 and 20 i.e. up
to more than 20 times higher than the best electric water heaters (not using heat pump
technology). All solar water heaters will have some losses and thus they are not 100% efficient at
converting solar energy into heated hot water; however, as the primary energy source is renewable
it is freely available and non-polluting and thus they are inherently require less commercial energy
than other technologies. Solar water heaters that use no back-up system require no commercial
energy and have an infinite SEF but those that use a commercial energy back-up system will have
lower SEFs.

Importantly, these figures clearly illustrate the limitations of water heating energy policy which is
focused purely on making efficiency improvements within each technology type. The scope to
improve instantaneous water heater (gas or electric) efficiency is usually negligible thus these are
rarely subject to policies such as comparative energy labeling. There is some potential to improve
the efficiency of storage water heaters, mostly by limiting their standing losses, but the real
improvements occur when substituting between water heating technologies and especially to either
heat pump or solar water heaters.

Details of how the European Labeling scheme puts all these products onto a single scale are given in
section 2; however, in summary it categorizes the efficiency of water heaters into one of ten
efficiency classes (A+++, A++, A+, A, B, C, D, E, F, G). Standard gas or electric storage tank water
heaters will tend to be in the G to D classes, while only solar water heaters are currently capable of
attaining the A+++ class.

Labeling is only one means to promote competition between water heating technologies on the
basis of their efficiency. The most significant set of national policies in terms of the overall water
heating energy savings produced have been China’s policy portfolio to promote the adoption of
solar water heaters. As discussed in this report, China has the world’s largest stock of installed
water heaters and has one of the higher per capita ownership levels of solar water heaters. The
policies that have helped create this situation are briefly summarized later in this report although

3 https://www.energystar.gov/productfinder/product/certified-water-
heaters/results?scrollTo=0&search_text=&sort_by=energy_factor&sort_direction=desc&fuel_filter=&type
_filter=&brand_name_isopen=&input_rate_thousand_btu_per_hour_isopen=&markets_filter=United+State
s&page_number=0&lastpage=0)

4 The Primary Energy Factor (PEF) will vary by economy and depends on the blend of generating
technologies used, but those economies that have a high proportion of fossil fuel generated electricity will
have the largest differences between primary and secondary energy and hence the smallest PEFs..

5 The Solar Energy Factor is described at: http://www.solar-rating.org/facts/system ratings.html
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most of the focus is on establishing what policies are currently in place and where there are gaps in
each of the target economies.

The overall efficiency of the hot water delivery system depends on more than just the energy
efficiency of the water heater. The further the water heater is situated from the point of demand
the greater losses are likely to be from drawing hot water into the piping system. For example, if a
small amount of hot water is needed and the water heater is some distance from the point of
demand e.g. a tap (faucet) then as the whole length of the pipe work needs to be filled with hot
water before the user receives any it is likely that a good proportion of the thermal energy within
the pipe will be wasted before the next occasion the user draws hot water (especially if being used
outside the heating season). These larger energy balance concerns would tend to favour using a
number of instantaneous water heaters in preference to systems using centrally distributed storage.
Equally, there are options to reduce the energy consumption of the hot water system by reducing
demand for hot water. These include: using energy efficient (low flow) shower heads and taps
(faucets), and more energy efficient washing machines (clothes washers). There is also increasing
(or renewed) interest in using electric water heaters for demand response and renewables
integration purposes e.g. (Murphy & Schare 2015).

This report does not examine these factors but rather focuses on the issues and options that
concern the efficiency of the water heaters themselves.

The report is structured such that it begins with a summary of equipment standards (MEPS) and
labeling policies in place per economy (Chapter 2), then gives a summary of other policies that
have been adopted to promote energy efficient water heaters (Chapter 3) before systematically
detailing in Chapter 4 which policies are in place and in so doing indicating where there are gaps.
Chapter 5 assesses the factors affecting water heater energy use in each economy and presents
energy, economic and environmental impacts from a set of detailed water heater energy scenarios.
Chapter 6 presents policy recommendations regarding how to promote energy efficient water
heaters in each economy and Chapter 7 offers short conclusions. The appendices contain extra
technical and market information.
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?  Water heater standards and labelling initiatives in each
economy

This sections provides details of the water heater standards and labeling programs in place in each
of the three target economies. It begins with a similar description for the European Union because
it is the only economy that currently implements standards and labeling in manner that allows all
types of water heaters to be compared on a common basis.

The EU: A case study in common treatment of all water heater
types

The EU has recently pioneered a system of standards and labeling for water heaters that is common
to all types of water heaters. It enables energy efficiency performance comparison between them.
Details are presented below by way of comparison with those policy measures applied in the three
target economies.

Test procedures

Existing procedures for the different types of water heaters are to be revised by 2015 when
Ecodesign and labeling regulations are enacted. In Europe, regulations do not refer precisely
anymore to existing standards.

Regulations define metrics and testing conditions references that are communicated to the
European Committee for Standardization (CEN) via mandate. When standards have been updated
and do comply with the regulation, they become harmonized and may be referred to for the
application of the regulations. This is notified in the Official Journal of the European Union.

Hence the main lines of the testing procedure (size, tap water profile by size, metrics definition)
are defined in the regulation. An additional document (here a Communication from the
Commission) specifies acceptable transitional methods, which are based on existing test standards
plus notified modifications of the test procedures. These modifications should normally be
integrated in the revised test standards.

Regulations
Two regulations were enforced in 2013 for water heaters: a MEPS (Ecodesign) regulation and a
Labeling regulation:

e Commission Regulation (EU) No 814/2013 of 2 August 2013 implementing Directive 2009/125/EC
of the European Parliament and of the Council with regard to eco-design requirements for
water heaters and hot water storage tanks

e Commission Delegated Regulation (EU) No 812/2013 of 18 February 2013 supplementing Directive
2010/30/EU of the European Parliament and of the Council with regard to the energy labelling
of water heaters, hot water storage tanks and packages of water heater and solar device - OJ L
239, 06.09.2013, p. 83-135.

MEPS

MEPS are defined in the Ecodesign regulation. Combination water heaters are included in the space
heating regulation. Solid fuel water heaters and “water heaters specifically designed for using
gaseous or liquid fuels predominantly produced from biomass” are excluded.

e \\//
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The same requirements do apply for all types of water heater with a rated output lower than or
equal to 400 kW and a storage volume lower than or equal to 2000 L.

Requirement are defined in terms of ‘water heating energy efficiency’, which means the ratio
between the useful energy provided by a water heater and the energy required for its generation,
expressed in %.

For electric and fuel water heaters:

Nwh = Qref / [(Qruel + CC X Qelec) (1 - SCF x smart) + Qcor]

With:

e Qres: sum of the useful energy content of water draw-offs, expressed in kWh. Useful means the
energy content of hot water, expressed in kWh, provided at a temperature equal to, or above,
the useful water temperature, and at water flow rates equal to, or above, the useful water
flow rate. Useful temperatures and flows to reach are specified in the water profiles supplied in
the regulation

¢ Qgue: fuel consumption
e CC: primary energy factor of 2.5
e Qelec: electricity consumption

e SCF: smart control factor, performance increase measured on two consecutive weeks, the first
week without the smart control enabled and the second one with the smart control enabled

e smart: indicator of smart compliance (0 if SCF < 0.07, or 1)

e Qcor: standby correction term (negative).

For solar water heaters:

Nwh = 0.6 X 366 X Qrer / Qtota ; With Qiora = Qnonsol 7 (1.1 X Nwhsnonsot = 0.1) + Qaux X CC

With:

¢ Qnonsol: “@annual non-solar heat contribution’” means the annual contribution of electricity
(expressed in kWh in terms of primary energy) and/or fuel (expressed in kWh in terms of GCV
(Gross Calorific Value)) to the useful heat output of a solar water heater, taking into account
the annual amount of heat captured by the solar collector and the heat losses of the solar hot
water storage tank

* Nuwh,nonsol: ‘he€at generator water heating energy efficiency’ means the water heating energy
efficiency of a heat generator which is part of a solar water heater, expressed in %, established
under average climate conditions and without using solar heat input

e Quux: “auxiliary electricity consumption’ means the annual electricity consumption of a solar
water heater that is due to the pump power consumption and the standby power consumption,
expressed in kwWh in terms of final energy.

Solar water heaters shall be tested component by component but can also be tested as a water
heater if this is not possible. Calculations should then be used to calculate Qponsor-

Water heater sizes are defined in terms of storage volume (SV) or ‘mixed water at 40 °C’ (V40),
which means the quantity of water at 40 °C, which has the same heat content (enthalpy) as the hot
water which is delivered above 40 °C at the output of the water heater, expressed in liters. The EU
scheme distinguishes between water heaters based on their size using the categories shown in
Table 2.1

e \\//
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Table 2.1 Water heater size categories in the EU

from 2015 onwards SV SV SV SV Va0 Va0 Va0 V40 V40 V40

L (liters) <=7 <=15 <=15 <=36 >= 65 >=130 >=210 >= 300 >=520 >=1040

Table 2.2 lists the mandatory MEPS for water heaters sold in the EU. The MEPS are expressed as
Water heating energy efficiency, which is determined in the test procedure part above.

Table 2.2 Water heater MEPS in the EU

MEPS 2015 (Sept 26th) 22% 23% 26% 26% 30% 30% 30% 32% 32% 32%

MEPS 2015 (Sept 26th) with 19% 20% 23% 23% 27% 27% 27% 28% 28% 28%
smart control

MEPS 2017 (Sept 26th) 32% 32% 32% 32% 36% 37% 37% 37% 37% 38%

MEPS 2017 (Sept 26th) with 29% 29% 29% 29% 33% 34% 35% 36% 36% 36%

smart control

In addition to system MEPS, maximum tank standby losses are defined as well as:
S <16.66 + 8.33 - VO (in Watts)
Mandatory labels

The EU label scope for water heaters is less extended than the Ecodesign scope, with the idea that
larger products are rather business-to-business (B2B) products than business-to-consumer (B2C).
The label is required for all types of water heaters with a rated output lower than or equal to 70
kW and a storage volume lower than or equal to 500 L. Solar devices (solar components not
included in solar water heating packages) are not included. There are 5 different versions of the
label, for conventional generators (gas or electric), solar water heaters, heat pump water heaters,
packaged water heaters containing at least one conventional generator and one solar generator,
and hot water storage tanks. For heat pump and solar water heaters, consumption has to be given
for the average climate and two supplementary climates; a cold and a warm climate.

Energy efficiency classes from A+++ to G are defined by size of water heater. Energy efficiency
classes from A+++ to G are given in Table 2.3.

Depending on the year (2015 or 2017) and water heater type, the permitted labeling classes to be
included in the label vary:

o for all generator types except packages of solar and conventional water heaters, the present
regulation specifies that in 2015 only classes A to G will be used and that in 2017, only classes
A+ to F will be used

o for packages of solar and conventional water heaters, the full extent of the efficiency scale,
from A+++ to G, may be used from 2015.

An example of the label is shown in Figure 3.
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Figure 3. The EU Mandatory Energy Label for Water Heaters
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Table 2.3 Water heater energy efficiency classes in the EU

A+++

A++

A+

nwh >0.62

0.53<nwh <
0.62
0.44 < nwh <
0.53
0.35<nwh <
0.44
0.32<nwh <
0.35
0.29 < nwh <
0.32
0.26 < nwh <
0.29
0.22<nwh <
0.26
0.19<nwh <
0.22
nwh <0.19

nwh >0.62

0.53 <nwh <
0.62
0.44 < nwh <
0.53
0.35<nwh <
0.44
0.32<nwh <
0.35
0.29<nwh <
0.32
0.26 < nwh <
0.29
0.23<nwh <
0.26
0.2<nwh<
0.23
nwh < 0.2

nwh >0.69

0.61 <nwh <
0.69
0.53<nwh <
0.61
0.38 < nwh <
0.53
0.35<nwh <
0.38
0.32<nwh <
0.35
0.29 <nwh <
0.32
0.26 < nwh <
0.29
0.23<nwh <
0.26
nwh <0.23

nwh >0.9

0.72 <nwh
<0.9
0.55 < nwh
<0.72
0.38 <nwh
<0.55
0.35<nwh
<0.38
0.32 <nwh
<0.35
0.29 < nwh
<0.32
0.26 < nwh
<0.29
0.23 <nwh
<0.26
nwh < 0.23

nwh > 1.63

1.3<nwh <

0.65<nwh <
1
0.39 <nwh <
0.65
0.36<nwh <
0.39
0.33<nwh <
0.36
0.3<nwhs<
0.33
0.27 <nwh <
0.3
nwh < 0.27

nwh > 1.88

1.5<nwh <
1.88
1.15 < nwh
<15
0.75 < nwh
<1.15
0.5<nwh<
0.75
0.37 <nwh
<0.5
0.34 <nwh
<0.37
0.3<nwh<
0.34
0.27 < nwh
<03
nwh <0.27

nwh >2

1.6 <nwh <
2
1.23<nwh <
1.6
0.8<nwh<
1.23
0.55 < nwh <
0.8
0.38<nwh <
0.55
0.35<nwh <
0.38
0.3<nwh<
0.35
0.27 <nwh <
0.3
nwh <0.27

nwh >2.13

1.7 <nwh <
2.13
1.31<nwh<
1.7
0.85<nwh <
131
0.6 <nwh <
0.85
0.4 <nwh <
0.6
0.36 < nwh <
0.4
0.32<nwh <
0.36
0.28 < nwh <
0.32
nwh <0.28
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Note, the load profiles used are defined to be the largest profile for which the water heater is able
to provide enough hot water. In the USA, by comparison, there is a separate test, known as the
First Hour Rating, which is used to assign which draw pattern is used to test the water heater.
Voluntary labels

None in place at either EU or country level.

China

Test procedures

In China the test procedures for rating the efficiency of water heaters are included in the MEPS and
labeling documents. Table 2.4 maps which water heaters types are to be tested to which test
standards in China.

Table 2.4 Water heater energy performance test procedures in China

Gas

Gas storage Y GB 18111-2000 <50kW required but  82°C
recommended to
<100kwW

Gas instantaneous GB 20665-2006 and 2015 <=70kW 80°C

specify MEPS and some test
procedure aspects. The
2015 version will be
enforced from June 1st 2016.
It references more test

Y standards than the 2006
version, including: GB 6932
(the main test method for
instantaneous water
heaters), GB 25034, CJ/T
336:2010 and CJ/T 395:
2012

Combi-boilers GB 20665-2006 and 2015 <=70kW 80°C
specify MEPS and some test
procedure aspects. The
2015 version will be
enforced from June 1st 2016.
It references more test

Y standards than the 2006
version, including: GB25034
(the test method for
standard combi-boilers),
and CJ/T 395: 2012 (for
condensing hot water and
heating combi boilers).

Electric

Electric storage 65+2°C
Y GB 21519-2008
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Regulations

MEPS

China has mandatory MEPS and labeling requirements for gas-fired instantaneous water heaters and
hot water combi-boilers, electric storage water heaters, heat pump water heaters, and solar water
heating systems. The MEPS are shown in Table 2.5.

Table 2.5 Water heater MEPS in China
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1 to be implemented from 1st June 2016
2 applies to for HP<10kW

Mandatory labels

Labels are mandatory for all water heater types which have MEPS. The lowest grade on the energy
label corresponds to the MEPS level.

Gas instantaneous water heaters and combi-boilers are divided into three grades of energy
efficiency, of which Grade 1 represents the highest energy efficiency. The minimum allowable
values of heat efficiency for each grade are listed in Table 2.6.
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Table 2.6 Water heater energy efficiency grades for instantaneous gas water heaters and
combi-boilers in China

Rated Heat Load 98 89 86
Water heaters
<50% Rated Heat Load 94 85 82
Rated Heat Load 96 89 86
Heating
Combi-boilers <50% Rated Heat Load 92 85 82
Hot wat
ot water Rated Heat Load 99 89 86
<50% Rated Heat Load 95 85 82

An example of the mandatory label for a combi-boiler is shown in Figure 4.

Figure 4. The Chinese Energy Label for Combi-boiler Water Heaters
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Electric storage water heaters are divided into five grades of energy efficiency, of which Grade 1
represents the highest energy efficiency. The required standing loss per 24 h and hot water output
rate for each grade of electric water heater are shown in Table 2.7.

Table 2.7 Electric storage water heater energy efficiency grades in China

1 <0.6 270%
2 <0.7 260%
3 <0.8 255%
4 <0.9 255%
5 <1.0 250%

Solar water heating systems

Solar water heating systems are divided into three grades of energy efficiency, of which Grade 1
represents the highest energy efficiency. The required coefficient of thermal performance for each
grade of solar water heating system is shown in Table 2.8.

Table 2.8 Domestic solar hot water system energy efficiency rating in China

Compact CTP20.50 0.32<CTP<<0.50 0.10<CTP<0.32

Separate direct
(split single loop)

CTP=0.48 0.30=CTP<C0.48 0.10<CTP<0.30

Separate indirect
(split dual circuit)

CTP20.45 0.28<CTP<0.45 0.10<sCTP<<0.28

Integral CTP20.60 0.40=CTP<<0.60 0.10<CTP<<0.40
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Voluntary labels

China applies a certified quality label to water heaters as operated by the China Quality
Certification Centre (CQC), Figure 5. To be eligible for this certification label products must meet
the efficiency limits for grade 1 products under the mandatory energy label.

Figure 5. The Chinese Voluntary Energy Label

India

Test procedures

The Bureau of Indian Standards (BIS) has four test procedures for water heaters, 1S 2082-1993,
Stationary Storage Type Electric Water Heaters (includes standing loss requirement, Table 1,
amendment 4); standard IS 8978: 1992 for instantaneous electric water heaters;

IS 5115-1969, Specification for Domestic Storage Type Water Heaters for use with LPG; (provide a
ready supply of hot water at a maximum water temperature of 85°C, having nominal capacities
between 6 and 100 liters, thermal efficiency shall be not less than 70 percent); and IS 15558-2005,
Mini Domestic Water Heater for use with LPG (nominal useful less than 25 kW, thermal efficiency
specified in section 16). These BIS standards are voluntary.

Regulations

MEPS
As of May 2014, India does not have any MEPS for water heaters.

Mandatory labels

The Bureau of Energy Efficiency (BEE) issues mandatory labels for storage electric water heaters.
The label uses a star rating plan based on the standing losses (kwh/24hour/45 °C difference)
calculated according to IS 2082:1993. Water heaters are categorized in 10 different rated capacities
ranging from 6 to 200 L. The rating ranges from 1 star (less efficient) to 5 star (more efficient)
(Table 2.9).
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Table 2.9 Water heater energy label efficiency classes in India

<0.792 & >0.634 <0.634 & >0.554 < 0.554 & >0.475 <0.475 & >0.396 < 0.396
10 <0.990 & >0.792 <0.792 & >0.693 < 0.693 & >0.594 < 0.594 & >0.495 < 0.495
15 <1.138 & >0.910 <0.910 & >0.797 <0.797 & >0.683 < 0.683 & >0.569 < 0.569
25 <1.386 & >1.109 <1.109 & >0.970 <0.970 & >0.832 <0.832 & >0.693 <0.693
35 < 1.584 & >1.267 < 1.267 & >1.109 <1.109 & >0.950 <0.950 & >0.792 <0.792
50 <1.832 & >1.466 < 1.466 & >1.282 <1.282 & >1.099 <1.099 & >0.916 <0.916
70 <2.079 & >1.663 < 1.663 & >1.455 < 1.455 & >1.247 < 1.247 & >1.040 < 1.040
100 <2.376 & >1.901 <1.901 & >1.663 < 1.663 & >1.426 < 1.426 & >1.188 <1.188
140 <2.673 & >2.138 <2.138 & >1.871 <1.871 & >1.604 <1.604 & >1.337 <1.337
200 <2.970 & >2.376 <2.376 & >2.079 <2.079 & >1.782 <1.782 & >1.485 < 1.485

An example of the BEE star rating label for the storage electric water heaters is shown in Figure 6.

Figure 6. The Indian Energy Label for Electric Storage Water Heaters
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Voluntary labels

BEE labeling scheme has been in place for several years and was voluntary until July 2015 when it
became mandatory (see above). There are now no voluntary energy labeling schemes for water
heaters in India.
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USA

This section shows the mapping of existing standards and labeling initiatives and their
characteristics for residential water heaters in the USA.

Test procedures
Table 2.10 maps which water heaters are to be tested to the standards in the USA.

Table 2.10 Water heater energy performance test procedures in the USA

Regulations
The following regulations apply for water heaters in the USA.
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MEPS

Table 2.11 lists the mandatory minimum energy performance standards for water heaters sold in
the USA. The MEPS are expressed as Energy Factor which is determined using the US test procedure.

Table 2.11 Water heater MEPS in the USA

Gas

Gas storage

Gas
instantaneous

Combi-boilers
Gas + solar
Gas + electric
heat pump
Electric

Electric storage

Electric
instantaneous

Electric heat
pump
Qil

Storage

Solar

Solar water
heater system
Solar collector
Solar tank
Tank

Unvented

Current

10CFR430.32 (d)
16 April, 2015
Current

10CFR430.32 (d)
16 April, 2015
None

see Gas Storage

see Gas Storage

Current

10CFR430.32 (d)
16 April, 2015
Current

10CFR430.32 (d)
16 April, 2015

see Electric Storage

Current

. 10CFR430.32( (d)
16 April, 2015

None

None
See Electric Storage

None

Energy Factor = 0.67 - (0.0019 x Rated Volume in gallons)

Energy Factor = 0.675 - (0.0015 x Rated Volume, gallons) if
<208.2 L

Energy Factor = 0.8012 - (0.00078 x Rated Volume, gallons)
if >208.2 L

Energy Factor = 0.62 - (0.0019 x Rated Volume in gallons)

Energy Factor = 0.82 - (0.0019 x Rated Volume in gallons)

Energy Factor = 0.97 - (0.00132 x Rated Volume in gallons)

Energy Factor = 0.96 - (0.0003 x Rated Volume, gallons) if <
208.2 L

Energy Factor = 2.057 - (0.00113 x Rated Volume, gallons)
if >208.2 L

Energy Factor = 0.93 - (0.00132 x Rated Volume in gallons)

Energy Factor = 0.59 - (0.0019 x Rated Volume in gallons)
Energy Factor = 0.68 - (0.0019 x Rated Volume in gallons)

Note the above values are in accordance with the old test procedure. The MEPS under the new test
procedure have not yet been determined. A conversion factor to translate the EF determined under
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the previous test procedure to the UEF determined under the new test procedure is being
developed. Once that is finalized, the new MEPS will be calculated.

Mandatory labels

All water heater types with a MEPS listed in Table 2.11 are required to have an attached label at
the time of sale to the final consumer. The label contains a graphic display of the relative
projected annual energy consumption of the water heater relative to water heaters with similar
capacity based on the test procedure. The label also displays an estimated annual energy cost
based on national average energy prices. The requirements for size, color, contents, etc. of the
label are fully described in 16CFR 5—Rule Concerning Disclosures Regarding Energy Consumption
and Water Use of Certain Home Appliances and Other Products Required Under the Energy Policy
And Conservation Act (“Appliance Labeling Rule”) .

A sample EnergyGuide label for a gas storage water heater is shown in Figure 7 below.

Figure 7. The US Energy Label for Gas-Storage Water Heaters
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Voluntary labels

Energy Star is a voluntary endorsement label in the USA. Water heaters meeting the efficiency
criteria listed in Table 2.12 are eligible to apply for an Energy Star rating. In addition to the
efficiency rating, the water heaters must meet additional warranty criteria.
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Table 2.12 Voluntary water heater energy efficiency label requirements in the USA

An example of the Energy Star label is shown in Figure 8 below.

Figure 8. The US Energy Star Label
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3  Other types of water heater energy efficiency policies

In addition to regulatory standards and labels for water heaters implemented at the national level
there are a number of other policies to encourage higher energy efficiency or energy savings in
water heaters that have been implemented at either the national, regional, or local level as
detailed by country below.

China

Macro-policy targets

Currently China has a macro-level policy target for 9.5% of all final energy consumption to be
derived from renewable energy sources by 2015 and 11.5% of primary energy production (IRENA
policies database accessed April 2015). As of 2013 roughly 9.3% of final energy consumption was
from renewable energy (REN21 2014, p 121). As part of this objective it has set a national target of
280 GWth (400 million m?) from solar water heating by 2015.

Table 3.1 Macro renewable energy policy targets in China

Year: 2012 (August 8th)
Policy status: In Force
Jurisdiction: National
Date Effective: 2012 (August 8th)
Policy Type: Policy Support>Strategic planning, Regulatory Instruments

Multiple RE Sources, Hydropower, Wind>Offshore, Solar, Solar Thermal, Bioenergy,

Policy Target: Geothermal, Ocean

Policy Sector: Electricity, Framework Policy, Heating and Cooling, Multi-sectoral Policy
Size of Plant
Targeted: Small and Large
Agency: National Energy Administration
According to The Twelfth Five-Year Plan for Renewable Energy, the total consumption of
renewable energy will reach 478 Mtce by the end of 2015, which accounts for 9.5% of the total
energy consumption. Also development indicators for different types of renewable energy are
outlined:
e the installed capacity of hydropower will reach 290 GW, including 260 GW
conventional hydropower and 30 GW pumped storage power station;
Description: e  grid-connected wind power will reach 100 GW, including 5 GW offshore wind

power;
solar power 21 GW,

solar thermal 400 million square meters;
biomass 50 Mtce per year;

geothermal energy 15 Mtce;

ocean energy 50,000 KW.

Renewable energy law
Solar thermal energy is reported to have received a significant boost in China with the adoption of
the Chinese Renewable Energy Law, which went into effect on 1st January 2006.

Link to the Chinese Renewable Energy Law (in Chinese)
www.mep.gov.cn/law/law/200802/t20080202 117982.htm



http://www.mep.gov.cn/law/law/200802/t20080202_117982.htm
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Urban planning
Hong Kong: Hong Kong sets the strategy to become China's "greenest region" by taking action on
several initiatives:

e Limiting the contribution of coal to less than 10% of the electricity generation mix by 2020,

e Phasing out existing coal plants between 2020 and 2030,

e Investing in construction/operation of district cooling infrastructure using seawater,

e Meeting the power demand of 100,000 households using biogas from landfills and sewage
water treatment by 2020,

e Installing SWH on all government buildings and swimming pools,

e Installing wind turbines to meet 1-2% of total electricity demand by 2020,

e Raising awareness by demonstrating solar PV arrays on government buildings,

o Developing a website to provide information on renewable energy technologies suitable for

local use, and
e Providing news/ events, educational resources, and information on renewable energy
equipment suppliers.(REN 21 2012, p134)

Subsidy programs

Rural subsidies for solar water heaters

The first national incentive program for installing solar water heaters in China's rural areas was
introduced in 2009. The program, known as the Home Appliance Information System, reduced the
cost of solar water heaters in rural areas by 13% (which effectively removed all VAT) and covered
approximately 75% of the market.

From April 2009, solar thermal system suppliers could bid to become part of the national subsidy
program. This incentive scheme was part of a huge rural development program, which also
subsidized other technologies for villages. Bidders to the tender round were required to be legally
registered companies, which are able to supply solar water heaters in acceptable quantities. The
rules for the tender also only allowed company groups to bid once. “The mother company, a
subsidiary or a 50% holding of a bidding company is not allowed to join the tender,” one of the rules
published by the central government states.

The second tender round of the national rural incentive program in 2010 saw more companies with
higher-priced products qualifying for it. The 2010 price limit was RMB 5,000, a substantial increase
from the RMB 4,000 last year (10 RMB is about 1 EUR). Government authorities approved 168
companies for the incentive program in 2010, among them 79 new companies. Eighty-nine of those
companies had already succeeded in the first tender round in spring 2009.

The number of products offered to customers increased from 806 in 2009 to 1,366 in 2010. There
was a clear shift towards offering more expensive systems from 2009 to 2010, such that in 2009,
40% of the approved solar water heaters were for sale at prices below RMB 2,500 while in 2010 their
share fell below 20%.

The national incentive program for residential solar water heaters is understood to have
substantially increased the proliferation of solar technology in China’s rural areas.

NDRC efficient water heaters subsidy scheme 2012-13

In 2012 the Chinese government took further steps to consolidate the water heater market and
improve the quality of solar water heaters. The National Development and Reform Commission
(NDRC) and China’s Ministry of Finance launched a new initiative to support the distribution of high-
efficiency solar water heaters (SWH), heat pump water heaters and gas fired storage water heaters.
Since 1 June 2012, SWH with sizes between 80 and 600 liters were subsidized at different rates,
which varied between Renminbi (RMB) 100 and 550 (see the Table 3.2). The subsidy scheme
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differentiated between compact solar water heaters, in which the water-filled tubes are linked
directly to the tank in one unit, and split solar water heaters (balcony solar water heaters). The
latter are mostly indirect, pressurized systems, in which tank and collector are set up apart from
each other.

Table 3.2 Chinese Solar water heater subsidies 2012-2013

Energy label Grade 1 Energy label Grade 2

Compact solar water heater 8o < 140 liters 150 100
140 < 250 liters 260 210

250 < 600 liters 350 300

Split solar water heaters 89 < 140 liters 300 200
140 < 250 liters 430 330

250 < 600 liters 550 450

The following tables (3.4 and 3.5) illustrate the level of subsidies for gas water heaters and heat-
pump water heaters.

Table 3.3 Chinese gas water heater subsidies 2012-2013

Gas water heater 14 kW < Rated thermal load < 20 kW 200
Rated thermal load > 20 kW 300
Gas space heating water heaters® 400

i.e. combi-boilers

Table 3.4 Chinese heat-pump water heater subsidies 2012-2013

Rated heating capacity

Static heating air source heat pump water heaters 3.4<COP<4.0 <4500 Uy
(machine) T : Rated heating capacity 350
>4500
Rated heating capacity
COP=4.0 <4500 500

From 2012 China implemented a national subsidy program for gas water heaters (including gas-
combi water heaters), solar water heaters and heat pump water heaters. Other types of electrical
water heaters were not included in this subsidy program. This subsidy program ended in May 2013.

No impact or implementation evaluation assessment is available for this policy; however, Table 3.5
puts the magnitude of the subsidy into context.
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Table 3.5 Calculations by the Chinese Solar Thermal Industry Federation (CSTIF) for a research
report on the development of China’s solar thermal industry from 2008-2010

Investment costs (RMB) 1200 1000 1800
Annual running costs (RMB) 500 350 5
Life time (years) 8 8 10
Annual average total costs (RMB) 650 475 185
Investment ratio with solar water
heater as 1 e =l !

Source: REW (2012)

In the case of solar water heaters, the Chinese government’s requirements for the subsidized
products and suppliers of the solar water heater were as follows:

e Subsidized products must fulfil the new national standard GB / T 19141-2011 (Specification of
domestic solar water beating systems), which specifies how to calculate the thermal coefficient
of performance. Regarding domestic solar water heaters, the standard includes three efficiency
levels: 1, 2 and 3. Eligible systems for the subsidy scheme must reach either level 1 or 2.

e The products must be produced and set up in mainland China.

e The supplier must have a comprehensive sales network and a product sales capacity of more than
50,000 units annually.

e The supplier must have been inspected by the National Quality Supervision and must have had no
negative inspection reports over the last three years.

Solar obligations and building codes

In 2007, some provincial and city governments in China began to implement solar installation
requirements. Since then, an increasing number of authorities at different administrative levels
have made the installation of solar thermal systems mandatory in new-builds in the residential and
public sector, for example, in universities, schools, hospitals and nursing homes. The policy
measures which have led to the development of provincial and municipal solar water heater
installation requirements were the 11th Five-Year Plan New Energy and Renewable Energy
Development (2006-2010) and the Renewable Energy Law of China of 2006. Under most of these
requirements solar water heaters in residential buildings need to be sized to provide 40 liters of hot
water per day per person. A solar heating system in a public building, on the other hand, must
cover at least 60% of the hot water demand. Thus far there have not yet been any solar building
requirements specified at the national level.

Table 3.6 presents a summary of these requirements. Other locations may have requirements not
captured here. The sources for this information are:

Xie, H., Zhang, C., Hao, B., Liu, S., & Zou, K. (2012). Review of solar obligations in China. Renewable and Sustainable Energy
Reviews, 16, 113-122.

Yuan, X., Wang, X., & Zuo, J. (2013). Renewable energy in buildings in China - A review. Renewable and Sustainable Energy
Reviews, 24, 1-8.

Sun's Vision. (2012). Compilation of solar thermal policies and regulations (A FAREFGFIFBEELSEA# - 0 4) (Chinese). Dezhou:
Sun's Vision.
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Table 3.6 Solar water heater obligations in China
Location Diate of Ty of buildings eligble

implementation

Shandong Province Dotober 2005 Resdental buildings bebw 13 fiooms and buildings with
oentraized hol water supphyin aties abous county=ievel
shall use SWH oystems in design and SonsirucTion.

Jinan Jmnuary 2014 New residential buiidings below 100 meters or 23 loom
Vo — e
Dezhou 2008 New residential buidings below 11 foors

2010 Hespaals, sorecls, ofmes Bng ober puslic buidings

Gingdan, Weihai, Lingi,  Setessr 2009 and  Mew remdential buitdings below 12 foors aod &r
Weitang, Dongying May2012 hedpimals, shosi, ffzes And sihar public Buidings.

Dt of Type of buildings eligibie

i meplgsmaEn1

Moz prubiic builcings with Ihe demand of ol wabes, such &S holsts, Comeertiak-

Pravince residential buildegs snd rey ragidential buildngs below 12 Saos.

Nanjirg, | dnruary 2011 | Mew resid antiat bnsicings; new public buildings wilh 12 demand of hel waler

Jiangsu (anciuding thenen ovation and sxbension) below 12 figars

Suzhon, " My 2006 | Mo residential buicings, new publicbuildings wilh s demand of hot waler

Jiangsu {Enciuding therenovation and extension]), suchas hobels, hospitals below 1 3floors
] Wuhan, Hubei i .ﬂ.nnlm | Mo resid enbal buiicings; hospials, domitones, hobels, swimming pools, and

powemmert bl dngs which hase condbons for s olar them 13floors

Yfunnan | May 2008 | Hew residential busicings beiow 11 floors; newpubic buildngs with the demand of

Pravince oot water below 24 meters.

Kunming, ] Baril 210 | Hewr residentiad busicings bedow 12 floors end for hospials, schods, officesand
Yunman oiher puibl o bl dings thet have thie s nieed and the condions for soler colschion
(Enciading renovaionand exhension)

T P e S g | gt e e e S

Shanxi oiheer puiblc buildngs

| Hefel, Anhui | March 2008 | g rasidentind busicings bedow 13 Mo ors &nd Tor new Mos Ak, SChOONs, 0f0es

nng e publc iasdings

Tangling, Jaruary 2010 Hogear rogs i b reges Bl 12 o ors and Tor public: buildings with Bhe demand

Ariui Tof hat wabe:

Ginghai T NovemDerZ00S | Mew residental busicings which Rave cONStons far s i waTer heating sysiems.

Province odher bulldings, suchias hospitals. Echoois, restaumnts, Incoor paimeming pocls,
public baihs.

Fuzhouw, Fujian | Jaruary 2010 [ Moew privale and commencial resi dértial buildings below 12 foors

Ningsia | Jaruary 2010 | Hew rasidantisl buicings, demitases snd aparments (incding tha rencuslion)

Pravince bl 12 Mo @S N public buildngs with Ihe demandal hot waker [induding the

renavation snd extersion ), such as govemnment affios buildngs, haspitals, schonls,
kingemgatens. hotels, pubbcbaths

*finchaan, * January 2010 | M residental busicings below 12 floors

Hingxia

Hainan * March 2040 | Hew residennai busicings (Indusingtherenovation and extension below 1380ars;
Province: public buildngs, suchas dosmitories, hospitals, hobeds, restaarants, publc baths
‘Shanghai  Jnnwery 2011 | M prubiic bulldings with 1he demand of Fot waber, nw res icential Bul Bngs Beos

Municipality Thoors

Sources: see above

Table 3.7 presents a partial list of earlier regulations.
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Table 3.7 Solar water heater obligations in China continued

Anhui 15t March 2009 Civic buildings with fewer than 12 floors, public buildings like
hotels, schools, swimming pools and hospitals
Hainan 1%t January 2007 Civic buildings and hotels with fewer than 12 floors
Jiangsu 15t January 2008 Civic buildings with fewer than 12 floors, restaurants, hotels
Fujian 15t November 2006 New Civic buildings with fewer than 12 floors
Yunnan 1t May 2008 Civic buildings with fewer than 11 floors, public buildings less than
24 m high
Hebei 15t November 2008 New civic buildings with fewer than 12 floors

Implementation of the mandatory installation requirements is carried out by the respective
Construction Bureaus. So-called Construction Document Evaluation Centers review the construction
documents. If the solar water heater systems are in line with the specified requirements and
technical standards, the center will issue a certificate to the developer. Only this certificate will
allow the builder to apply for a building permit. The construction site, including the solar water
heater installation, will be inspected regularly by the local construction bureau. The inspection
following completion of the structure will include an energy efficiency check of insulation, shading
and solar water heaters systems. If all regulations are fulfilled, the developer receives a certificate
which enables him to apply for a sales permit.

Shandong province

Since 2008, solar water heating has been mandatory for new buildings with less than 13 floors in
Shandong Province, Table 3.8. Since 2014, the city council of Jinan promulgated another mandatory
installation policy targeting new buildings with less than 33 stories. These high-rise buildings need
the integration of new solar water heater technologies, such as split solar water heaters (solar
water heaters designed for use on the balconies of multi-story apartment blocks).

Another current support measure of the Shandong provincial government is the promotion of the
national green building standard which requires energy efficiency of public buildings to 65% during
the 13th Five-Year Plan. Shandong province requires the installation of solar water heaters in
buildings that want to reach the one-star class, which is the lowest of the three green building
standards. According to a news article on china.org.cn from 14 May 2013, Shandong “announced
instructions for the creation of new green buildings with a total area of more than 50 million m2 by
the end of 2015.” More than 50% of the new buildings must use renewable energies by then.

Subsidies to support solar thermal were introduced in Shandong province in 2007, Table 3.9.
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Table 3.8 Shandong Province One Million Rooftops Sunshine Plan

Year: 2008
Policy status: In Force
Jurisdiction: State/Regional
Date
Effective: 2008
Policy Type: Regulatory Instruments, Economic Instruments>Direct investment
Policy .
Target: Solar Thermal, Solar>Solar photovoltaic, Geothermal
Policy Sector: Multi-sectoral Policy
Agency: Shandong Province Government, Department of Construction
URL: http://(in Chinese)

In January 2008, Shandong Province announced implementation of its One Million Rooftops
Sunshine Plan, designed to stimulate the integration of various renewable energy sources into
Description: building construction. The Plan targets the use of solar power and geothermal power into
buildings. Following this, compulsory regulations went into effect in the cities of Yantai and
Jinan, for the integration of solar energy in the construction and design of certain buildings.
Source: http://www.iea.org/policiesandmeasures/pams/china

Table 3.9 Shandong Province Energy Fund

Year: 2007
Policy status: In Force
Jurisdiction: State/Regional
Date
Effective: 2007
Policy Tvpe: Research, Development and Deployment (RD&D)>Research program >Technology deployment
Y TYype: and diffusion, Economic Instruments>Direct investment
POI'Cy_ Solar Thermal
Target:
Policy Sector: Heating and Cooling
Agency: Shandong Province Government
URL: http://(in Chinese)
In 2007, the government of Shandong Province established a CNY 2.133 billion fund to support
energy conservation and emissions reductions. Drawing on this fund, the provincial government
Description: planned to allocate funds to subsidize the construction and adoption of solar hot water supply

systems by hotels, schools and other establishments. In 2007, a total of 15 million m? of
buildings in Shandong had a solar hot water heating system. In January 2008 it was estimated
that 99% of city center residents used solar power for water heating.
Source: http://www.iea.org/policiesandmeasures/pams/china

Beijing

On 1 March 2012, Beijing followed many other large Chinese cities in introducing its own solar
thermal mandatory law. The new regulations are stipulated in document No. 3/2012, “Beijing
Urban Construction Applications Management Approach”. Article 9 describes the scope of the new
regulations: Newly built residential houses of up to 12 floors - as well as hotels, schools, hospitals,
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and swimming pools - are obliged to install a solar thermal hot water system if no waste heat is
used to cover domestic hot water demand.

Under these requirements builders do not receive a building permit from the municipality unless
they have demonstrated how they will integrate solar hot water into the building. After the building
has been completed, municipal inspectors visit the site. In Beijing, the Municipal Bureau of Quality
and Technical Supervision is said to be responsible for the review and approval of applications and
installations.

Document 3/2012 also includes a separate section about multi-family houses. At least two thirds of
the flat owners in a multi-family house have to agree to the installation of a centralized or
decentralized solar hot water installation. Only then will the housing company be allowed to install
a solar thermal system for the entire building, with the costs having to be split among the flat
owners themselves.

To limit the risk for the housing company when investing in solar energy, it has been suggested to
employ the so-called smart card billing. In this case, the tenants pay the measured hot water
demand of their single flat and the running costs for maintenance and repair work upfront, either
per month or year.

The city has also announced financial incentives for the multi-family housing sector. To apply for
these investment subsidies, projects need to include more than 50 m2 of collector area and fulfil
the municipality’s requirements.

According to web portal www.21tyn.com, Beijing’s solar obligation is one of the measures designed
to fulfil the city’s 12th Five Year Plan, which was released in December 2011. The Beijing Municipal
Commission of Development and Reform aims at reaching a total installed collector area of 10.5
million m2, of which 5 million m2 have already been installed in the rural areas around the city.

Online articles about the solar obligation (all in Chinese):
http://www.21tyn.com/news/echo.php?id=25620.htm
http://news.dichan.sina.com.cn/2012/02/27/447929.html

Survey of implementers

In 2011 a survey on the implementation of solar obligations was posed questions to 300 architects
and engineers in the cities along the coast, such as Beijing, Haining, Jinan, Xingtai, Sanmenxia,
Shenzhen, Nanjing, Wuhan, and Qinhuangdao, across which solar water heating systems are
mandatory in new buildings. All of these cities require new residential buildings of up to 12 floors to
use solar collectors for the hot water of the inhabitants. In some of them - such as Haining, Xingtai,
Nan