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Glossary

Overall level of energy services provided driverrésidential appliance
ownership rates, commercial floor area and endnisasity or industrial
activity.

Bottom-Up Energy Analysis System, a stock accogntimdel projecting
energy demand for appliances and equipment inesidential, commercial and
industrial sectors covering thirteen countries.

The constant of proportionality between final eliettty consumption and carbon
dioxide emissions.

The preeminent forum for international collaboratto accelerate the transition
to a global clean energy economy.

Measurement designed to reflect the demand foggmezeded to cool a
building. Cooling degree days are the average nuwiodays of the year when
outdoor temperature is higher than a reference ¢eayre.

Input of raw data, calculation by modeling compdseand output of results.
Number of units (owned and used) per household.

Useful mechanical or thermal energy divided by gnénput.

Percentage of population with access to grid etetstr

A category of energy-consuming equipment designguidvide a particular
service, such as lighting, space cooling or laundry

Scenario in which the average efficiency of equiptre®ld remains constant
over time.

A measurement designed to reflect the demand femggmeeded to heat a
building. Heating degree days are the average nuoflaays of the year when
outdoor temperature is lower than a reference teayes.

Series of equipment and steps designed to prodspedfic industrial product,
e.g. cement grinding.

Level of energy service provided per unit of equimity per unit floor area or per
unit of industrial output.

An equation relating carbon emissions from enemgsamption to human
activity. Intermediate terms in the Kaya identitglude GDP and energy per
unit GDP.

Average energy intensity of equipment sold in ecijpeyear.

A continuous symmetric probability distribution lay a bell-shaped probability
density function.

Data from one country used to represent anothertocpunder an assumption of
similar market and/or cultural conditions.

Probability that equipment will fail or be takentai operation after a certain
number of years.

Statistically determined estimated variation inedéetimined parameter.
Total number of units in operation.

Appliance efficiency program administrated by tlweynment of Japan
mandating a ‘fleet average’ efficiency target facke manufacturer.

Ratio of the departure of an estimated parameten fts notional value and its



Turnover

Unit Energy

Consumption
Urbanization
Weibull Distribution

standard error.
Equipment floor space coverage added or replaced.

Site energy consumption by one unit of equipmerine year.
Percentage of population living in urban areas.

A continuous asymmetric probability distributiorterf used to describe failure
probability in engineering applications.



Part | — Model Overview and Results
1. Introduction

A central component of strategies to combat clinchnge focuses on energy use, which is the
primary generator of greenhouse gas emissionhelminds of policy makers on local, national
and international stages, therefore, two importaeistions result from this consensushéat kinds
of policies encourage the appropriate market transfation to energy efficiency;zand “how
much impact can these policies havdBNL'’s Bottom Up Energy Analysis System (BUENAS)
contributes to the answering of these questionsbgidering the likely impacts of a specific
subset of possible efficiency policies on a glatalle.

BUENAS is an end use energy demand projection mielloped by Lawrence Berkeley
National Laboratory (LBNL) in the United StatesAoherica with support from the Collaborative
Labeling and Appliance Standards Program (CLAST) International Copper Association (ICA)
and the United States Department of Energy (USD@¥S)the name suggests, BUENAS is a tool
to model energy demand by various types of energguming equipment and aggregate the results
to the end use, sector or national level. BUEN#8dsigned as a policy analysis tool which
creates scenarios differentiated by the level tibas taken — generally toward higher energy
efficiency. Impacts of policy actions towards nmetricansformation are calculated by comparing
energy demand in the “business as usual”’ casspedific policy case. BUENAS shares elements
with a variety of modefsincluding models of energy savings supportinglls®OE’s appliance
standards program. The characteristics that disish BUENAS are that it covers multiple
countries, models energy demand at the technotggt bnd projects efficiency improvement
based on specific targets known to be achievable.

The main objective of the development of BUENA®iprovide a global model with sufficient
detail and accuracy for technical assessment afypaieasures such as energy efficiency standards
and labeling (EES&L) programs. In most countriegmhenergy efficiency policies exist, the

initial emphasis is on household appliances ardilig. Often, equipment used in commercial
buildings, particularly heating, air conditioningdaventilation (HVAC) is also covered by EES&L
programs. In the industrial sector, standardslaipeling generally covers electric motors and
distribution transformers, although a few more g/péindustrial equipment are covered by some
programs, and there is a trend toward includingenodthem. In order to make a comprehensive
estimate of the total potential impacts, developneéthe model prioritized coverage of as many

! See 1. Mundaca, L., et @yaluating Energy Efficiency Policies with EnerggeBomy ModelsAnnual
Review of Environment and Resources, 2@B) p. 305-44. for a survey of energy-economy modskd to
evaluate efficiency policy



end uses commonly targeted by EES&L programs asitgesfor as many countries as possible.
The model generally didot cover:

. Industrial processes
. ‘Miscellaneous’ end uses, or end uses not typidatiuded in EES&L programs.

As mentioned above, BUENAS projects energy demarmtder to calculate impacts of current,
proposed or possible policies. National energyatehof each end use is constructed according to
the following madification of the Kaya identity[2].

E Activity XIntensity
nergy= —
gy Efficiency

In this equationActivity refers to the size of the stock, e.g., numbeefifgerators or the air
conditioned area of commercial buildingstensityis driven by the usage and capacity of each
unit, such as the size of a water heater or theshafiuse of a room air conditioner. Finally,
Efficiencyis the technological performance of the equipmehtch can be affected by government
policies.

BUENAS is implemented using the Long-Range EnerligrAatives Planning system (LEAP),
developed by the Stockholm Environment InstitUt&AP is a general-purpose energy accounting
model in which the model developer inputs all datd assumptions in a format that is then
transparent to other users.

BUENAS projects energy consumption by end use 2085 (base year) to 2030. The strategy of
the model is to first project end use activity, @his driven by increased ownership of household
appliances, and economic growth in the commercidliadustrial sectors. The total stock of
appliances can be modeled either according to amoaeetric diffusion model or according to unit
sales projections, if forecasts are available.ctildty consumption or intensity of the appliance
stock is then calculated according to estimatdhebaseline intensity of the prevailing technology
in the local market. Finally, the total final eggrconsumption of the stock is calculated by
modeling the flow of products into the stock ane tharginal intensity of purchased units, either as
additions or as replacements of old units accorthreguipment retirement rates. The high
efficiency or “policy” scenario is created by thesamption of increased unit efficiency relative to
the baseline starting in a certain year. For exanifithe average baseline unit energy
consumption (UEC) of new refrigerators is 450 k\WWalty but a MEPS taking effect in 2012
require a maximum UEC of 350 kWh/year, the stoakrgnin the policy scenario will gradually
become lower than that of the base case scenaitodncreasing penetration of high-efficiency
units under the standard. By 2030, the entirekstolt generally be impacted by the standard.

The remainder of Part | of this document is devateproviding an overview of the scope,
applications, scenario definitions and resultshefinodel (Sections 2-5). Part Il provides the tetai
of the methodology used to construct national levelrgy demand scenarios. In order to increase
the usability of the document, not every modelietad is included in the documentation. In some



cases, we refer to previous documents to avoidnaghcy. Foremost among these are [3] which
describes the first construction and applicatiothefmodel and [4], a journal publication that
details the ownership model of residential appkencln addition, this document can be considered
a companion to thBUENAS Inputs Spreadshgen Excel spreadsheet developed as a container
and documentation tool for important data streantgsassumptions in BUENAS. TIBJENAS

Inputs Spreadsheétas been designed with documentation in mind. gida of its construction

and format are to allow advanced reviewers of tbdehand other members of the international
energy analysis community to “drill down” to spécidssumptions and data sources. In some
cases, summaries of the data contained in thedsireat are provided in the document, with
particular attention to assumptions and citations.

2. Scope of BUENAS

The first version of the model, completed in 2068/ered the entire world, broken into 10 regions,
and relied heavily on extrapolation of ‘marker ctsyhdata to represent an entire region. The
current version of BUENAS diverges from global cage and regional breakdowns. Similarly, the
first version of the model made rough estimatesonfie end uses where equipment data were not
available, in order to cover the great majorityenérgy demand in buildings. The current version
places a higher value on detail and accuracy axhense of some comprehensiveness. For
example, the first version of the model includedcgpheating and cooling in buildings for all
countries and four other major end uses in the ceroial sector, even though the details of
equipment used for these end uses are not well ikfiommany countries. In the current version, by
contrast, many of these end uses were omittecdbfoesountries due to the uncertainty of the data.

2.1. Country Coverage

BUENAS covers 12 countries individually, with thé Rlember States of the European Union
modeled as a single ‘country’. Countries curremttluded in BUENAS are: Australia, Brazil,
Canada, European Union, India, Indonesia, Japgmiite of Korea, Mexico, Russia, South Africa
and the United States. Chinese appliance energgumig and efficiency potential has also been
modeled in detail by LBNL[5]. LBNL's China applia@enodel is a component of the China 2050
Energy Model, which includes all energy demandaeaciThe LBNL China appliance model
(including industrial motors and distribution trémsners) is currently being adapted to BUENAS
and will be an integrated part of the model inrnb&t version.

Since the model covers most of the world’s largenemies, the fraction of global energy
consumption represented by modeled countriesdgelaAccording to IEA data on total energy
demand in 2005[6], the countries covered accour2&o of global final; energy demand if China
is not included. Once China is incorporated ihiihodel, country energy coverage will total 77%
of global demand. The breakdown of energy demandemtage by countries included in
BUENAS is shown in Table [B].



Table 1 — Energy Consumption Percentage by Countrielncluded in BUENAS

% %
Region Energy | Country Energy
Australia 1.1%
Japan 4.6%
Pacific OECD 8% Korea 1.9%
United States 20.5%
North America 23% | Canada 2.4%
Western + Eastern Europe 17% European Union 15.6%
Former Soviet Union 9% Russia 5.7%
Mexico 1.5%
Latin America 6% Brazil 1.8%
Sub-Saharan Africa 3% South Africa 1.19
Middle East + No. Africa 5% - -
Centrally-Planned Asia 16% 15.0%
India 4.7%
South Asia - Other Pacific Asia 9% | Indonesia 1.6%
Total without China 62%
Total 96% Total including China 77%

Source [6]. 2005 data.
2.2. End Use Coverage

BUENAS covers a wide range of energy-consuming yets] including most end uses generally
covered by Energy Efficiency Standards and LabdliEtgS&L) programs around the world. End
uses currently covered are:

« Residential Sector: Air Conditioning, Cooking +sbivashing, Fans, Lighting,
Refrigeration, Space Heating, Standby, TelevisitVister Heating and Laundry

« Commercial Building Sector: Air Conditioning, Litihg, Refrigeration, Space Heating
and Laundry

» Industrial Sector: Electric Motors and Distributidransformers

In order to cover as many end uses as possiblendldel as originally created sacrificed some
detail and products were grouped into categorigmrahan being modeled as individual
technologies (e.g. refrigerators and freezers ayepgd into a single “refrigeration” category).
Since only major end uses were covered, total gregsumption modeled does not equal total
sector consumption. However, the end uses coweedstimated to include over 80% of the
residential and commercial building sectors. kitidustrial sector, only electric motors over 750
kW are covered. This type of motor typically accmuior over half of industrial electricity
consumption.

In the original “regional” version of BUENAS, antatnpt was made to make an estimate for every
end use for every region, even in the absencetaf dehis required the use of proxy data; that is,
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the assumption that data for one country appligka@ntire region, and in some cases to multiple
regions. In addition, useful energy consumgtion heating and cooling was modeled by heating
and cooling degree days (see [3]). In the currergion of the model, the strategy prioritizes
accuracy over comprehensiveness and therefore imgsrthe use of proxy data with the
consequence that significant gaps remain in thereme. In fact, some of the end uses listed above
are modeled for only one or two countries. A aumitig effort will be made going forward to
address these gaps as reliable country-specificatatmade available. Table 2 summarizes the
end use coverage in the current version of the himdeountry/economy.

Table 2 - BUENAS End-use / Country Coverage

Sector ~ |End Use Category ~ |Appliance | AUS BRA CAN EU IDN IND JPN KOR MEX RUS USA ZAF
=IResidential =I Air Conditioning Air Conditioner
Central AC
= Cooking + Dishw ashing |Cooking Products
=IFans Fan
I Lighting Lighting
=IFreezers Freezers
Refrigerator
-/ Space Heating Boiler
Furnace
Hectric Space Heating
- Standby Standby
I Television Television
- Water Heating Water Heater
=/ Laundry Clothes Dryers
Washing Machine
=|Commercial =/ Air Conditioning Space Cooling
= Lighting Lighting
= Refrigeration Refrigeration
- Space Heating Electric Space Heating
Commercial Clothes
—/Laundry Washers
=lIndustry = Motors Motor
Distribution
—|Transformers Distribution Transformers

By summing up the energy demand estimates modgleduipment included in Table 2, it is
possible to evaluate the energy demand by BUENA& esction of sector within each economy.
These estimates are shown in Table 3.

Differences between the sum of energy demand inMABEand top-down estimates from national
statistics arise primarily from end uses that ateimcluded in the model. However, differences
may also indicate over- or underestimates in thEBAS. These two effects are difficult to
identify in bottom up modeling. Finally, the topyio estimates are also subject to uncertainty, as
evidenced by significant differences between sauré®r these reasons, the table should be
understood as a rough guide of the level of coveddhe model instead of an exact measure. In
some cases, top-down data were not availableesteh ¢f detail necessary to make a meaningful

comparison.

2 “Useful” energy refers to only energy needed tvjite comfort, and does not include losses from
inefficiency, which were subsequently added.
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Table 3 — Percentage of Final Energy in BUENAS by @untry, Sector and Fuel in 200%

Sector Fuel AUS| BRA| CAN| EU | IND | IDN | JAP | KOR | MEX [RUS | ZAF | USA |Total
Electricity 56% | 105%| 27%| N/A| 1009% N/A| 5394 69% 69% 36% N/ 59060%

Residential Gas 32%| 0% | 92%| N/A| NA|[ NA| 72% 0| NA 0% NA 65% 44%
Total 46% | 58% | 629%| 57%| N/A|  7%| 61% 23% N/A 49 N/ 624650%

Electricity 36% | 50%| 27%| N/A| 56%| N/A| 38% 229 72% 2296 N/A  64%52%

Commercial Gas 0% | 0% | 0%| NA| NA| NA| 0%| 0%| NA|l 0%| NA| 54% 36%
Total 29% | 44%| 13%| 21%| N/A| 339 27% 18% N/A 99 N/A  60%37%

Electricity N/A | 58% | 37% | N/A| 54%| N/A| 10294 599 44% 40% NIA  79%64%

Industrial Gas NA| 0% | 0% | NA| NA| NA| 0% 0% 0% 0%| NA| 0%| 0%
Total N/A | 38% | 17%| 18%| N/A| 18%| 739 45% 15% 99 NN 229621%

Sources: [7],[8],[9],[10],[11],[12-14],[15], [16]1[7]

Table 3 shows that BUENAS coverage in residentédtdcity is the highest of the three sectors,
with BUENAS demand accounting for at least halfhaf sector demand, where data are available.
Sector totals are weighted by sector energy foh éaal where these data are available. Residential
gas coverage is significant only for Australia, @da, Japan and the U.S., where sufficient data
were available to model space heating and/or vetating. Commercial sector electricity coverage
is lower than residential sector electricity coggrabut high for some countries where space
cooling is important, because BUENAS includes émid use (in addition to lighting, which is
usually the main commercial building end use). Camuial building gas coverage is zero for all
countries except for the United States due to tdcwvailable data for commercial space heating
and water heating. Finally, in the industrial se&lectricity coverage is moderate while gas is no
covered in BUENAS. This is to be expected sincéonso which are covered, generally account for
a significant portion of industrial electricity. gignificant amount of electrical energy in indystr
comes from heavy industry processes such as electrifurnaces in the steel sector. These types
of industrial processes are not covered in BUENABewise, most of the non-electric fuel use in
industry comes from heavy industrial heating preesswhich are out of the scope of BUENAS.

In some instances, the comparison of BUENAS todoywn estimates exposes some apparent
overestimations in the model. Examples of theseemidential electricity in India and Brazil and
industrial electricity in Japan. While much of dsitial electricity in Brazil and India is
concentrated in end uses covered by BUENAS (lightiefrigeration and air conditioning), the
total should of course not exceed 100% of the hotyparted consumption. This is likely due to an
overestimate of energy demand in one or more oftitkuses. It should be pointed out, however,
that there is significant variation in reportedoilieity consumption in India, due to significant
“non-technical losses” (electricity theft) in thesidential sector in India. In addition, BUENAS
models demand, not consumption. These two appegatiffer by up to 20% in India due to
chronic shortages. These two effects may also exfila apparent overestimate by BUENAS. The
overestimate of industrial electricity in Japatikely due to overestimation of energy consumption
of motors in that country. This difference maytbhe subject of a calibration in subsequent

% Final, or ‘delivered’ energy does not include #iieity input energy or losses in transmission or
distribution. Percentages of ‘primary’ energy irgputould therefore be significantly different.
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versions of the model.
3. Applications of BUENAS to Date

The original objective in the construction of algdbmodel was to provide the best assessment to
date of the potential for energy savings and greesé gas emissions reductions from energy
efficiency standards and labeling (EES&L) prograrB@ce that time, the model has been applied
to more specific policy scenarios and has provideijht specific to particular regions.

3.1. Potential Studies

The original development of BUENAS commissionedhwy Collaborative Labeling and Appliance
Standards Program (CLASP), was intended to prowidmre precise estimate of the potential
impacts of EES&L programs worldwide. Until the dieapment of BUENAS, rough estimates of
the global potential of EES&L programs were based percentage savings of residential and
commercial energy use by region (10-15% of resideftcommercial energy in emerging
economies is one commonly used estimate). Thisgigect using BUENAS completed in 2008
produced a much more detailed (and therefore numerate and defendable) global estimate[18].
The primary (but not exclusive) motivation of tipabject was to bring attention on the global stage
of the value of EES&L policies. A secondary acctisipnent of this project was to rank the
potential impacts from EES&L policies among vari@asintries or regions and among various
energy-consuming products. The details of thigagtpincluding the details of the original model
methodology are provided in [3]. Beginning in 20BOENAS has been used to support the
activities of the Super-Efficient Equipment and Agpce Deployment initiative (SEAD), an
activity within the Clean Energy Ministerial prose#\ main use of BUENAS within SEAD is to
provide analysis of the remaining potential impadtappliance efficiency programs specifically
for SEAD member countries, in addition to reportimpacts from ongoing progress of efficiency
programs.

3.2. Planning and Prioritization

Subsequent to the initial development of the matelh of the model development focused on
those regions that are high-priority targets ofr@lieWorks Foundation, a major funder of CLASP.
During 2008-2009, the model was used primarily pkaaning tool for CLASP, in order to refine
potential estimates for only the highest prioritgleises, which may be the subject of CLASP’s
short and medium-term activities in its role aslian@teWorks Best Practice Network (BPN).

In addition to this multi-country planning role, BMAS has also been used as a tool to look
closely at the potential for efficiency improveméntndividual countries. For example, the
International Copper Association supported thead®®UENAS as a tool to evaluate the cost-
effective efficiency potential for the United St&{d9]. This effort will be followed by studiesrfo
other countries. In addition, BUENAS has been wsed tool in collaboration with CLASP to
support the development of MEPS in developing adesytparticularly Mexico, Chile and member
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states of the Association of South East Asian Mati\SEAN). In this manner, BUENAS is used
as a prioritization tool, highlighting end useshwihost significant improvement potential.

4. Energy Demand Scenario Definitions

In constructing a model of energy demand, evegnagtt is made at accuracy. This includes
collecting the best data on market trends, teclyiedp use patterns and regulations. The accuracy
of these parameters is subject to an objectivenitiefi of correctness. The definition of scenarios
used to evaluate potential policy impacts, on themhand is a choice made by the analyst. There
is undoubtedly some level of subjectivity in thefidition. It is critical, however, that scenarios
clearly described, and used uniformly/consisteintlgrder to allow correct interpretation of results

4.1. Business As Usual Scenario

Any evaluation of the impacts of a policy, eitheogpective or retrospective, must define a
baseline for comparison. In order to do this, BWE\creates a Business as Usual (BAU) case that
projects energy demand by end use through the2@2®. Much of the modeling content of
BUENAS is contained in the construction of the BAake, and the other scenarios are
modifications of it. Most important in the consttion of the BAU scenario is the projection of
growth in energy demand, which is driven by groimtiboth activity and intensity. One notable
feature of the BUENAS scenarios is that activitg amtensity projections are assumed equal for all
scenarios. This assumption implies that scendifter only by the efficiency of products —

changes in stock of equipment and usage patteensodtincluded as effects of policy.

In addition to growth in activity and intensity &BAU case also includes a specific assumption of
efficiency. By default the BUENAS BAU case assurtfeszen efficiency” from 2010 on, that is,
while usage may evolve over time, the efficiencyiedv products remains constant. Exceptions to
this arise when projections are available thatidel'market-driven’ efficiency improvemefits
which are then included in BUENAS. The assumptibfiozen efficiency is a consequence of the
absence of systematic estimates of market-driv@ndwement, which are likely end-use specific.
A current research project will attempt to deveboypl-use specific estimates of market-based
efficiency improvement for implementation in subsext versions of BUENAS

4.2. Recent Achievements Scenario

BUENAS provides estimates of the impacts of minimefficiency performance standards (MEPS)
programs in countries participating in SEAD in arttedemonstrate the effectiveness of these
programs and the potential results of augmentinbeacelerating them through international
cooperation, including the SEAD program. One catggbimpacts to be presented is those from

4 Examples are forecasts made by national governrfantise purpose of setting regulations.

® Market-driven efficiency improvement is also omittby default in high-efficiency scenarios, cregin
somewhat compensating effect to its omission irBtA& scenario.
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existing regulations. The following regulations/éao far been modeled, according to the
schedule of announcement and implementation:

1. Regulations implemented between January 1, a8dpril 1, 2011 (effective date)
2. Regulations issued between January 1, 2010 antilA 2011 (announcement date)
3. Regulations in progress between January 1, aad®pril 1, 2011 (with scheduled

announcement date)

The current version of BUENAS includes only MEPSubsequent versions of the model are
expected to include the impact of labeling programs

4.3. Best Practice Scenario

The second major scenario included in BUENAS canrsithe potential impacts of regulations in
the near- to medium- term. This scenario correspoodghly to the scenario used in the first
“Global Potential” study because it includes e#fitiy improvements judged to be ambitious but
achievable for all countries. There are many fbssvays of defining global potential, including
cost-effectiveness, removal of a certain fractiblow-efficiency models from the market, or
adoption of best available technology. Due to dlataations, the most practical approach has
been to rely on an evaluation of best practicdse Hest practice scenario assumes that all cosintrie
adopt stringent standards in modeled end uses Iy, 2there ‘stringent’ is interpreted in the
following way:

1. Where efficiency levels are readily comparable sempuntries: the most stringent
standard issued by April 1, 2011 anywhere in thddvo

2. Where they are not: the most stringent comparabtg, (regional) standard issued by
April 1, 2011.

3. Inthe case where an obvious best comparable sthande not available, an
efficiency level was set that was deemed to beemgiyre or achievable, such as the
most efficient products in the current rating syste

In addition, the best practice scenario assumésthadards are further improved in the year 2020,
by an amount estimated on a product-by-producsbasiis scenario either assumes that the same
level of improvement made in 2015 is repeatab20P0 or assumes that a specific target, such as
current ‘best available technology’ is reached 6@

5. Results

The main outputs of the BUENAS model are impactapgfliance efficiency policies, either
achieved, planned, or potential. Table 4 showmgaun 2030 for th&kecent Achievements
Scenario As defined in the previous section, the achievgroéthese savings depends on a wide
variety of factors with various levels of certaintyhe savings shown correspond to MEPS
implemented since 2010 or in development for aestubiscountries modeled by BUENAS. Savings
from Category 1 and 2 MEPS are relatively certsiimge these regulations are already defined and
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have a definite implementation date. Savings f@ategory 3 are more speculative, since the
parameters of these regulations have not beenzitalAssumptions for these MEPS are taken
from preparatory studies when available; othervassumptions are made based on international
benchmarks. Details of the construction of thensgio are given in Part Il of this document.

Table 4 — Energy and Emissions Savings in 2030 fdMEPS since January 2010 — Recent
Achievements Scenario

Category Quantity Unit Australia | Canade EU Korea Mexico us Total
Electricity | TWh 1.9 1.9 56.0 1.7 197.1 259
1.Implemented| Gas PJ 6.3 6
CO, mt 1.4 0.4 18.8 0.7 112.7 134

Electricity | TWh es 21 0.4 0.8 3C

2.Announced | Gas PJ 20.3 67.4 44.2 132
CG, mt 1.6 7.3 4.C 8.C 21

Electricity | TWh 74.5 3.2 22.¢ 10C

3.In Progress | Gas P 6.4 204.( 1.1 211
CO, mt 0.4 40.0 2.1 21.2 64

Electricity | TWh 1.9 9.3 152.1 1.7 3.6 220.7 389

Total Gas P 6.4 20.2 204.( 67.4 51.€ 350
CO, mt 1.8 1.9 66.2 0.7 6.1 141.9 219

It should be noted that omission of a country ibl&al does not imply a low level of MEPS

activity in the country. For example, Japan hasafrtbe most aggressive and expansive efficiency
standards program in the world (the Top Runnernamg These results were not included because
of a lack of data in the current version of the elodhe scope of this analysis will be widened in
future versions of the model. For the same reasoinall MEPS could be included for the countries
that were covered. For example, while Korea implatee several MEPS in the period considered,
only those that were easily modeled could be iredud he remainder will require additional
research to evaluate energy consumption and bagsfiniency levels.

Of the countries studied, the United States andshow by far the highest expected
achievements in terms of projected energy saviflgis.is due to both the size of these two large
economies, the high level of efficiency activitiagd the wider availability of data.

Table 5 shows savings in 2030 for Best Practice Scenarior countries included in Table 2. The
best practice scenario is the best estimate fot istfaasibly achievable from appliance efficiency
policies. There is necessarily some subjectivity immeompleteness in these results, but they are
meant to be indicative of the scale of the potéatia the breakdown by end use. Details of the
construction of this scenario are given in Padf this document.

16



Table 5 — Energy and Emissions Demand and Savingstential in 2030 — Best Practice
Scenario

2030 Percent
2030 Demand 2030 Savings Reduction
Elec Gas CQO, Elec Gas CQO, Elec | Gas | CO,
Sector End Use TWh PJ mt TWh PJ mt TWhHh  PJ mt|
Residential | Air Conditioning 576 214 114 52 20% 24%
Fans 149 100 77 54 52% 53%
Lighting 379 195 111 55 29% 28%
Refrigerators &
Freezers 479 201 118 56 25% 28%
Space Heating 129 11236 776 0 482 3B 02% 4% b%
Standb 201 97 13t 93 67% 95%
Televisior 151 66 13 6 8% 10%
Laundny 147 76 31 20 21% 26%
Water Heating 413 3922 322 1338 429 98 32% 11% 31%
Sub Total 269t 1515¢ 2082 731 911 477 27% | 6% 23%
Commercie | Lighting 135¢ 611 32z 147 24% 24%
Refrigeratiot 364 15E 9C 39 25% 25%
Air Conditioning 11€ 25¢
Sub Total 2739 1434 610 274 22% 19%
Distribution
Industry Transformers 612 323 82 141 13% 44%
Motors 4482 2141 160 97 4% 5%
Sub Total 5094 2465 242 238 5% 10%
Grand Total 10529 | 15158 5981 1583 911 984 1500 6% %7

As Table 5 shows, overall potential emissions rédos for the scope of equipment covered is
about 988 Mt of CQ or about 4.5 times what has been achieved sarugady 2010. This would
imply very significant achievements in the past years. We note, however, that this calculation is
highly dependent on the actual achievements ofdgess standards. Table 5 also shows that a
significant percentage of electricity and gas wdwédsaved in the Best Practice scenario. Savings
are compared to demand in 2030. Electricity savisgsost pronounced in the residential sector,
where savings of 27% are projected. Electricityirsgsare similar, at 22% in the commercial
sector. In general, savings are much smaller felsfulhis is because some major space heating and
water heating technologies are not yet includetiénmodel, and because space heating in
particular is already a relatively high efficieneyd us& Similarly, savings from industrial motors
are small in percentage terms.

Finally, it is interesting to note that the initieégional’ version of BUENAS showed total
emissions savings potential of 1.4 Gt of G@r buildings only. These results are reasonabtetd
the decreased coverage of end uses and countties current version of BUENAS.

® Due to the large footprint of space heating, h@vesavings in absolute terms from this end usebeavery
large.
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As with all forecasting models, there are significareas of uncertainty involved in the BUENAS
results. While these are somewhat difficult to difigna qualitative description of the level of
uncertainty of input variables and their subseqeéfiett on model outputs is possible. This
discussion is given in a section below following ttescription of relevant input variables.

Part Il — Methodology

1. Introduction

The remainder of this document provides the detditse BUENAS methodology and data
sources. It is intended for a technical audienckaasumes some familiarity with the parameters
used in energy demand and policy modeling. Thetra of the document progresses
“backwards” from end product to basic inputs, bagig in Section 2 with the definitions of the
main outputs of the model, in the form of equatidrtee mathematical flow of the model is then
mapped to a set of modules and key data inputedtidh 3. The mechanics of key modeling
components are described in Section 4, and a gésarf the construction of scenarios is given in
section 5.

While the document provides sufficient detail tact the calculation of energy demand for all end
uses, countries and scenarios, two types of dataraitted. First, some details already descrihed i
[3] and [4] are omitted and these references ded tistead. Second, many of the actual data
streams are not provided in the document, butdératttompanyin@UENAS Inputs Spreadshget

an Excel file developed as a container and docuatienttool for important data streams and
assumptions in BUENAS. Some of the tables of inpnts references that appear here are
generated from the BUENAS Inputs Spreadsheet tireThe structure of the spreadsheet file with
a description of each sheet, is provided as an Adlige

The original version of BUENAS was built as a dafsdusing Microsoft Access, with intermediate
outputs and final results presented using Exceitpgables. A major part of the preparation for
peer review of the model involved porting the madeh more optimal platform. The most
important features sought in a new software plaifaere:

e Transparency — All parameters and assumptions gli@uinade easily visible to the
reviewer;

» Portability — The model should be available inregk# package not requiring integration of
separate programs;

» User Interface — The user should easily be abléetw tables and graphs of results,
intermediate outputs and input variables.

The platform chosen for this peer review and subsegversions of BUENAS is the Long Range
Energy Alternatives Planning model (LEAP). LEARaisintegrated energy-environment modeling
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tool designed and disseminated by the Stockholnir&mwent Institute. It is an accounting model
that relies on inputs of end use activity and isign but performs stock accounting and scenario
structure given technology lifetime distributioris provides a wide range of easy to understand
tables and graphs well-suited to the needs of gmamglel developers. Finally, LEAP has a wide
and growing community of users around the world iaridcreasingly becoming a standard
platform for energy demand projection. Use of LE#&Buires a moderate license fee for users in
industrialized countries. It is provided free biaege for developing country usérs

2. BUENAS Equations

The two main outputs of BUENAS are national-leveaf energy savings and carbon dioxide
emissions mitigation. Final energy (electricityfoel) savings is important because final energy
demand is the driver of capital-intensive generatiapacity additions and fuel imports. Final
energy demand is also the quantity directly paidbfoconsumers. Carbon dioxide forms the
majority of greenhouse gas emissions and is theréfi@ most important environmental impact of
energy consumption. Reducing these emissiongpiigraary goal of energy efficiency policy in the
era of climate change. The current version dargalculate financial impacts of efficiency policy
due to the data requirements needed to include.tHemever, financial impacts will be included
in the next version of the model. Primary energuis to electricity are also not considered,
although carbon emissions are a rough proxy fanthe

The following equations are implemented in LEABRtoduce emissions mitigation and final
energy savings results.

Emissions Mitigation

BUENAS calculates carbon dioxide mitigation fromdi energy savings:

ACO,(y)=A E(y)x f.(y)

*  ACO,(y)=CO, mitigation in yeay
* AE(yFFinal Energy Savings in yegr
» f.=carbon conversion factor (kg/kWh or kg/GJ) in ygar

Final Energy Savings

BUENAS calculates final energy savings (electricityfuel) by comparingfficiency Case (EFF)
energy demand ar8Blusiness as UsuéBAU) energy demand:

AE(Y)=Egau(y)-Eerr (¥)

" For more information on LEAP, visit http://www.se$.org/software/leap.html
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e E =final energy demand

2.1. Residential Sector Activity Equations

BUENAS calculates final energy demand accordingrib energy consumption of equipment sold
in previous years:

Egau= Z Sales(y-agexXUEGCgau(y-age)x'Surv(age)
age
« Sales (YF unit sales (shipments) in year
e UEC(y)= unit energy consumption of units sold in ygar
» Surv(age¥probability of surviving taageyears

Stock Turnover (mostly done by LEAP)

When unit sales (shipments) are not given as dit&tet inputs then BUENAS derives them from
increases in stock and replacements:

Sales(y) =Stock(y) -Stock(y-1)+ Z Ret(age)X Sales(y-age)
age
e Stock (y= Number of units in operation in year
* Ret(age) probability that a unit will retire (and be rapkd) at a certain age

Survival function and retirement function are rethby:

Surv(age)=1- Z Ret(age)

age

Stock

Stock is rarely given directly as input data. érst, if sales data are not available, BUENAS uses
appliance diffusion (ownership) rates:

Stock(y) = Diffusion (y)XHH(y)

« Diffusion (y)= Number of units (owned and used) per housemoj@ary
* HH(y) = Number of households in year

In turn, diffusion rates are generally not givenifyut data, but are projected according to a
macroeconomic model:

Diffusion(y)=

a

1+ yxexp(B1xI(y)+ £xU(y)+ F3xE(Y))

* I(y)=household income&3DP per household) in yeay)(
e U(y)=urbanization rate in yeay)
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» Elec(y) =electrification rate in year (y)
*  a,B1B.85= model parameters (described in [4])

2.2. Commercial Sector Activity Equations

Sales data are scarce for most commercial end Wisélis sector, BUENAS models commercial
floor area and end use intensity, since theseatatenore readily available from national statistics

Egau= Z Turnover(y-ageXuegay(y-age)x'Surv(age)
age
» Turnover (y)=equipment floor space coverage added or replacgekry.

« uec(y) energy intensitydWh/nf) of equipment installed in year y (lower case used
distinguished from unit energy consumption ,UEC).

Turnover is driven by increases in floor space, i@pthcement of existing equipment occupying
floor space.

TurnoveKy)= F(y)-F(y-D+ Z Ret(age)xTurnover(y-age)
age

* F (y)=total commercial floor space in year

When floor space is not given by direct data inpitiis modeled as the product of two components:

F(y) = Nssdy)xf(y)
In this equationNsseis the number of service sector employees anthkisloor space per

employeeNsseis the product of the economically active popuolafeg, and the service sector share
SSS

Nssg(y) = Pga X SSS(y)

Floor space per employee is modeled in a similartwaesidential appliance diffusion:

"0 7 <exp " <)

* i(y)=GDP per capita in yeany
* af G ,y= model parameters (described in [18])

2.3. Industrial Sector Activity Equations

When sales data and unit energy consumption aravadtble for industrial motors, they are
modeled as a function of industrial value added GDP

E(W)gaus=CPPY)np X ¢ XP
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*  GDP(y)no=GDP value added of industrial sector in yegr (
« e=electricity intensity per unit of industrial GOP
« p = percentage of electricity from electric mofors

3. Model Components and Data Flow

Figure 3 shows a flowchart of the BUENAS calculatiomplemented in the LEAP platform. The
equations presented above are presented in thelfiotvas flowing from right to left, that is, from
final result to data inputs. Some of these equatae implemented in LEAP as user-defined
calculations while others are built in as parthef functionality of the platform. In general, LEAP
calculates national level energy savings givenkstoesales of each equipment type combined with
a time series aharginal final energy intensityhat is, annual energy consumption of new units
entering the stock. Carbon dioxide emissions dautzed from final energy demand using a
customized calculation. Activity modeling when wlotven directly by a time series of product
sales is also implemented with a custom calculation

Much of the modeling in BUENAS is accomplished bgut of data streams into LEAP, which

then calculates energy demand using built-in stmdounting functions. The two main inputs
provided in this way are (1) product sales or stirtle series and (2) unit energy consumption time
series.

All data inputs used in the LEAP model are storedn Excel file calleBUENAS Inputs
Spreadsheet.xIsXhis file serves as a ‘database’ for the variabked in the model. It also contains
documentation regarding the primary sources ofetldesa. Finally, the inputs spreadsheet
indicates the model version (by date), which candreelated to a version of the LEAP database
named with the same date. The sheets and ardfasis spreadsheet are defined in the Appendix.

The legend of Figure 3 shows the different compobhgre of the models. These are:

1. Data or Assumptior These are direct inputs to the model documédntdte BUENAS
Inputs Spreadshedn the case of data from other sources, theerter of the primary data
source is listed. In cases where no data areadlajlassumptions are sometimes made.

2. Calculation— These are computations governed by the equdtidhe previous section.
These are either built in to LEAP, or are userukdi

3. Data or Calculation- This can be either a direct data input or a daficn. The main
example of this is the projection of unit sales.eNlavailable, these data are input directly

8 Industrial GDP - PPP Units - Development Data @rdthe World Bank. 2007. 2007 World Development
Indicators Online. Washington, DC: The World BaAkailable at:http://go.worldbank.org/3JU2HA60D0
Industrial Electricity Consumption from the Intetiomal Energy Agency.

° From literature. Sources providedBWENAS Inputs Spreadsheet.
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in the model. If no such data are available, salesnodeled from stock as an intermediate
result. Stock in turn can be a direct input onfra model of appliance ownership
(diffusion).
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Figure 3 — Flowchart of BUENAS Calculation
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Note: Stock and Diffusion can be entered directly into the model as data, but this is rare.
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The equations and structure of BUENAS are wellidisiaed and are relatively stable. Generally they
follow widely accepted practices of energy demaaldudation and stock turnover analySisviuch of the
current and future development of BUENAS therefwesists of gathering and refining data inputs. In
particular, the scope of the model is currentlyraniily limited by data availability.

GDP per Capita, Electrification and UrbanizatienMacroeconomic parameter data, either histoacal
forecast, are provided by the World Bank and Unitetions agencies, based on data supplied offjciall
from national agencies,

Unit Sales or Stock The number of units of appliances sold (and enstock) in each year originate
from a number of sources. The most common of theséhe models used by countries to evaluate the
impacts of their own efficiency prografs Other sources include industry reports and nmagsearch
firms. A summary of sources of unit sales or stdata is given in Table 4. The numbers in the table
indicate the source of data, as numbered in tleeeetes section.

Table 4 — Sources of Unit Sales or Stock Data

Country / Economy

Produc AUS BRA CAN EU IND JAF KOR MEX RUS USA ZAF
Boilers [10] [20] [21]
Central Air Conditioners 7 [10] [22] [23]
Clothes Dryers [24]
Clothes Washers [25]
Commercial Clothes Washi [26]
Cooking Equipment [27]
Direct Heating Equipment [28]
Dishwashers [25]
Distribution Transformers [29] [30] [29]
Electric Motor: [31] [22]
Fans [32] [33]
Fluorescent Ballasts [34]
Freezers [35] [36]
Furnace Fans [23]
Furnace [10] [23
Lighting [37] [38]
Pool Heater [39]
Refrigerators [40] [41] [22] [36]
Room Air Conditioners 7 [10] [42] [43]
Standby Power [44] [45]
Televisions [46] [46] [46] [46] [46] [46] [46] [46]| [46] [46] [46]
Washing Machine [22]
Water Heatel [47] [22] [48]

Baseline Unit Energy ConsumptiorAnnual energy consumption of appliances arises fiom
combination of appliance size, efficiency and usaatterns. Like unit sales, this parameter is often

9 This does not exclude further developmeramdilysis featureshat. That is inclusion of previously unaccounted
for impacts or second order corrections. Someedgdhare listed in Section 6.

™ The most common of these are the Technical Sufmtments used in the development of US federal
appliance standards and Preparatory Studies usegbpmrt the European Commission’s Ecodesign stdada
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available from efficiency program studies or frdm efficiency metrics definitions of countries with
EES&L programs. Estimates and algorithms for UE€lass frequently found in the energy literatuke.
summary of sources of baseline unit energy consomgtta is given in Table 5. Cases where unit
energy consumption was generated by assumptidndioated with an ‘A’. The numbers in the table
indicate the source of data, as numbered in tleeeetes section.

Table 5 — Sources of Unit Energy Consumption Data

Country / Econom

Produc AUS | BRA | CAN | EU | IDN | IND | JAF | KOR | MEX | RUS | USA | ZAF
Boilers [10] | [20]
Central Air Conditioners [7] [10] [23] [23]
Cooking Equipment [49]
Cooking Products [49]
Direct HeatincEquipmen [28]
Dishwashers [50]
Dryers [51] [24]
Fans [52]| [52]| [52]| [52]] [52]| [52]| [52]] [52]] [52]| 4H2] | [52] | [52]
Freezers [53] [36]
Furnace Fans [23] [23]
Furnace [1Q) [23]
Lighting [54] [54] | [55] [54] | [55] | [55] [54] | [55] | [54]
Pool Heater [39]
Pool Heaters [39]
Refrigerators [40] A [36]| [53]] [56]] [56]] [57] [57]] [58] A [36] A
Room Air Conditioners [59] [3] [60]] [42 [58] [43] [3]
Standby Powe [400 | [10) | [22] | [44] | [71 | [61] | [62 | [37] [46] | [52] | [63] | [64]
Televisions [46] | [46]| [46]| [46]] [46]] [46]| [46] [46]| [46] | [46] | [46] | [46]
Washing Machines [65] [25] [58]
Water Heaters [66] [48] | [47] [58] [48]
Commercial Clothes Washers [26]
Distribution Transformers [29] [30] [29]
Electric Motors [67]| [68]] [31]| [31]] [67]] [67]] [67] [67] [31] | [67] | [31] | [67]
Direct Cool [56]
Frost Free [56]
Window [10] | [42] [69] [58]
Split
Central Air Conditioners (inc. HP [23]
Motors [63] | [31] [63]

Target Unit Energy ConsumptionUnit energy consumption of a high efficiency scema typically
available only for standards already in progreBe¢ent Achievements’ scenario). Otherwise, target
energy consumption is derived according to knowtfopmance achievements in other countries. This
type of efficiency target is the subject of Best Practice Scenarjevhich is described in Section 5.

Retirement (Survival) FunctionThe retirement function gives the probabilityttegquipment will fail or

be taken out of operation after a certain numbepeafs. Retirement functions data are given foresom
equipment types by national analyses and followraomfunctional forms, such as Normal (Gaussian) or
Weibull distributions. The Weibull distribution @d@mmonly used to model equipment failure. Often,
however, there are no data available to describ@dhticularities of the distribution. In thoseses,
BUENAS uses a normal distribution as a defaulte Ttean value of this distribution, or averageilifiet,

is taken from the literature. In some cases, pdeity in the U.S. studies, lifetimes were deriwedested

by comparing historical sales and stock data. hegd, however, lifetime estimates depend on artatdo
reports from industry experts and are subject tsicierable uncertainty.
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Carbon Factor— The carbon factor is the constant of proporfionhetween final electricity
consumption and carbon dioxide emissions. Carbctiorfas a result of plant efficiency, transmissanrd
distribution losses and the generation fuel mixbGa factors in the base year 2005 are taken fit@h [
The projection of carbon factor is derived using iase year data, and scaling by the trend of IEA’s
World Energy Outlook (WEOQO) 2006 [71], which takesa account expected improvement in plant
efficiency, reduction of transmission and distribatlosses, and reduced dependence on fossilfurels
electricity generation. The analysis does not amrdine difference between average and marginbboar
which, while more accurate, are difficult to forstgiven the available data.

4. Activity, Stock Turnover and Intensity Methodology

One advantage to using the LEAP model as a platforBUENAS is that many of the energy demand
calculations are built in. These include standaiodk turnover calculations. Given a sales inpase
year vintage distribution and lifetime distributidtEAP generates yearly stock and vintage of each
equipment type. LEAP’s internal calculations ateep track of the total energy demand of the stock,
taking into account the evolution of unit energpsoemption of each cohort or margifiialal energy
demand If neither stock nor shipments are given as dlirgauts into the model, BUENAS uses an
alternative method for projecting residential agptie activity originally developed for the firstrsion of
the model. This methodological approach is thgesmtilof Section 4.1. Section 4.2 deals with
methodologies employed for commercial building artlistrial motors modeling, which use more
aggregate calculations of intensity and activigrtlthe residential sector.

4.1. Residential Appliance Activity

Three different methods are used to estimate thédtmck of a particular residential end use. éawrh
region and end use, the highest accuracy methdwbisen for which sufficient data are availableodder
of decreasing accuracy, the methods are:

1. Stock based on historical and projected flows ofipcts (unit sales).

2. Stock from historical and projected ownership ratsales derived from stock increases and
replacement rates.

3. Stock from econometric modeling driven by macroeenic trends — sales derived from stock
increases and replacement rates.

The original global version of BUENAS relied on engric model of household ownership for all
residential end uses and all regions. In the ptesasion of the model, it is used for India aratih
American countries, as well as end uses in theedriitates for which sales data were not availabhe
details of the model development are not given,Harecan be found in [3] and f4] The diffusion
relation is assumed to follow a logistic functiof@m and depend on GDP per household (income),
urbanization rate and electrification rates acamdo the following general equation:

12 parameters in the journal article differ from taesed in the current version of the model, whisisuPurchase
Power Parity to evaluate household income, whileNkil and Letschert 2010) used market exchangs.rate

27



. a
Diff, =
1+ yeXF(IBincl c +ﬁe|ecEc +ﬁurbUc)

In this equationg is the country index. Parameters for each endiesgiven in Table 6. The full details
of the development of the model and the data useéerive the parameters are provided in [4].

Table 6 — Residential model Diffusion Parameters

Points of Light Iny Binc Belec Bur
a 40 Coefficient 2.204 -3E-05
Observations 42 Standard Error 0.18 3.0E-06
R’ 0.71 t-Stat 12.45 -10.00
Refrigerators Iny Binc Betec Burb
a 14 Coefficient 4.84 -1.3E-05 -3.59 -2.24
Observations 64 Standard Error 0.197 4.82E-06 0.27 0.59
R? 0.92 t-Stat 24.508 -2.77 -13.42 -3.78
Televisions ln y Blnc BEIec BUrb
a 3 Coefficient 3.701 -2.5E-05 -2.39
Observations 46 Standard Error 0.134 4.96E-06 0.31
R? 0.85 t-Stat 27.584 -5.07 -7.66
Room Air Conditioners Iny Binc Belec Burb
a ClimateMax Coefficient 4.843 -6.9E-05
Observations 24 Standard Error 0.503 9.82E-06
R? 0.69 t-Stat 9.635 -7.04
Fans In Y Blnc BEIec BCDD
a 3 Coefficient 0.798 9.79E-07 -1.13 3.41E-04
Observations 11 Standard Error 0.968 4.82E-06 0.98 1.34E-04
R? 0.79 t-Stat 0.824 0.20 -1.15 2.55
Standby Power Devices Iny Binc Beiec Bur
a 12 Coefficient 1.266 0.00
Observations 20 Standard Error 0.508 0.00
R’ 0.40 t-Stat 2.492 -3.43

In the case of fans, cooling degree days are usaddaving variable of ownership. Air conditioner
ownership is also highly climate dependent. To ehtlds, the diffusion equation for air conditioaés
multiplied by aclimate maximunparameter ranging from 0 to 1. Climate maximumiven by the
following equation, as determined in (McNeil et2009)

ClimateMaimum= 10— 0949xexp0.0018 & CDD)

This equation utilizes the climate parameteoling degree day®CDD), which integrate total hours in a
year during which outdoor temperatures exceedeaarte defined as a cooling threshold. Cooling
degree days are the main climate parameter det@grinoling load, though other factors, such as
humidity, are also important. Country specific paegers, including activity, and efficiency scenariae
given in the following sections.
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4.2. Commercial and Industrial Sector Modeling
Floor Space Projection

The ‘commercial’ sector refers to all buildingstthae not used as residences, or part of industrial
facilities (also called ‘tertiary’ or ‘service’ sex). For the purposes of modeling, the commezator

is distinguished from the residential sector inesalimportant ways. First, buildings and end use
equipment can vary greatly in size, from a roontairditioner used in a corner market to large etsl|
used in the largest office buildings. Second, datéhese buildings and on the equipment instatied
them is generally more sparse than for residenEamlly, residential end uses tend to be the fasiet

of efficiency programs with commercial end usegesed later. Such programs are an important safrce
insight into the consumption and further saving®ptial of upcoming programs.

Much of the emphasis for the commercial model ineslthe projection of commercial floor space.
While current floor space estimates are availatmeséme countries, in general projections are fibe
strategy for determining floor space is to sepéyatedel the percentage of employment in the tertia
sector of the economy and the floor space per graplengaged in this sector. Service sector sSBS# (
is multiplied by the total number of employees whie determined by:

» Economically Active PopulatioPzA(y) from the International Labor Organization projecte
2020 and extrapolated thereafter [72].

* Unemployment Raf,(y) from the International Labor Organization [72]8005, and projected
to 2005 regional average by 2020.

SSSs modeled as a function of GDP per capita in tesfrsurchasing power parity (PPBSSlata are

available from the World Bank for a wide range ofiotries and for different years. The relationship
betweerSSSand GDP per capita is modeled in the form of alilogar equation of the form:

SSgy) =axIn(I(y)) +b

The parametera andb are determined to be 0.122 and -0.596, respegtivdbre detail about the data
used to determine these parameters can be foy8l in

Using these components, the number of service rseatployees Bkeis given by

Nssy)=Pea(y)*(1-Ru(y)) xSSS(y)

Floor space per employee, dencotgdl is, like SSSassumed to be a function of per capita incomg. onl
The relationship assumes a logistic functional form

"= L Xexp (" <)
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In this equation, the maximum valaes set to 70 fmper employee, which was larger than any of the
observed data. The variabldenotes GDP per capita atl andy were determined to be -9.9 x14nd
6.04 respectively. More detail about the datal ueadetermine these parameters can be found.in [3]

End Use Intensity

Generally, it is difficult or near-impossible to del commercial end use intensity according to stock
flows of specific equipment types due to data latiitns. Therefore, end use intensity estimatikagan
aggregate approach. End-use intensity is compafdednetration EfficiencyandUsage Penetration
takes into account the effect of economic develaygrge increased density of equipment expressed in
Watts per M and is assumed to be a function of GDP per capita Relative efficiency is estimated
from specific technologies and usage is given hyrsiper year. Savings between the high-efficiemd; a
the business as usual case arise from percentégjerafy improvements.

Lighting

Lighting efficiency is estimated as the fractiorthie stock of lighting types: T12, T8 and T5 fluszent
tubes, incandescent lamps, CFLs, Halogen lampsgted lamps. In addition, relative efficiency of
fluorescent lamp ballasts contributes to overgltting efficiency. Assumptions for lighting energy
intensity, and the subsequent calculation of patietr are provided in [3]. The result is a model of
penetration according to a logistic function,

_ a
p(VV/mZ) - 1+ yxe,gxuy)

The variabld(y) denotes GDP per capita amg3 andy are found to be 16.0, -7.78 x1@nd 3.55
respectively.

Space Cooling

Space cooling energy intensity is of course a gtfanction of climate, but also economic developtnen
Its dependence on cooling degree days (CCD) isva$to be linear. The dependence on GDP per
capita, which we call “availability”, takes a lotjssform:

_ a
Int(kW/m2) = m><(a+b><CCD)

yxe

In order to separate the effect, the climate depecel is determined from U.S. data, where avaitgbdi
assumed to be maximized. Once modeled in this thayclimate dependence can be divided out of final
energy intensity data to yield availability as adtion of GDP per capita. The parameters for space

cooling intensity determined in this way are:

a=1.8, /~0.00011)=8.83; a=9.7193, b=0.0123
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Space cooling efficiency is determined accordingdtimates of market shares of room air conditimner
central air conditioners and chillers, prevailirasb line technologies and feasible efficiency targe
(see[3])

Refrigeration

Due to a scarcity of data for commercial refrigiematspace coolingenetrationis assumed to have the
same shape as lighting, that is, the availabilitypmce cooling increases as a function of peta&pbDP
in the same proportion as for lighting, but witbifierent coefficient of proportionaliti.

A

The penetration curve is then calibrated to data the United States, which has a refrigeratioensity
of 9.94 kW/ni. The resulting value dk is 10.61 kW/r. In the high efficiency scenario, an improvement
of 34% is assumed to be possible [73]in all coestri

Industrial Motors Activity

Electricity demand and savings potential for eleatrotors is treated in the same way for all region
except for the European Union, for which a motocktprojection is provided in the Ecodesign
preparatory study [31]. The model for industrialtoractivity used in BUENAS is somewhat simplistic.
For all countries outside of the EU, total eledtyiconsumption of motors as a fraction of indudtri
electricity is used as the activity variable, adog to the following formula:

Eledy) = GDPVA (Y)xex p

In this equationGDPVAp is the value added to GDP from the industrialaecT he variable is the
electricity intensity of the industrial sector, thg the amount of electricity consumed for eaclted of
industrial value added. This variable is taken fitmstorical energy consumption data (from IEA) and
divided byGDPVA\s from the World Bank in the base year. MultiplyingndGDPVAyp for the base
year simply gives back reported industrial eleityriconsumption in that year and, sircis assumed
constant, industrial electricity consumption in frejection simply grows at the same rat&&PVAnp.
The fractionp is the percentage of industrial electricity pagshirough motorS. Multiplying the three
variables together then gives motor electricitystonption in each year through 2030.

13 Sources by country or region givenBWENAS Inputs Spreadsheet
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5. High Efficiency Scenario Details

BUENAS currently contains two policy-driven highfiefency scenarios that are compared to the
Business As Usual (BAU) case in order to evaluagsicts of efficiency policy steps. The first ofshds
called theRecent Achievements Scenarvitiile the second is tHgest Practice Scenario

TheRecent Achievement Scenasaoncrete and highly specific. It is meant taufify the impacts of
efficiency programs already implemented or in pesgt Three types of policy or ‘groups’ are consder
These are:

Group 1 Regulations implemented between January 1, 20d@®\aril 1, 2011 (effective date)
Group 2 Regulations issued between January 1, 2010 antlA@011 (announcement date)
Group 3 Regulations in progress between January 1, 20d®pril 1, 2011 (with scheduled

announcement date)

Of these, Group 3 is the most speculative, singelations ‘in progress” could be at a wide range of
development, from a proposal to act, to a neangpiete process. For definiteness, we include drige
regulations that have a specific implementatiom dasociated with them. Even with this definition,
many regulations in this category lack sufficiegfidition and data to support our analysis.

To date, only mandatory minimum efficiency perfonoa standards (MEPS) are included inRieeent
Achievements Scenaribut future versions may include labeling programd financial incentive
programs. In addition, only selected standardhéntnited States, European Union, Canada, Mexido an
Korea are captured. This list is being continuaktpanded to include all recent standards implenddoye
participants of SEAD and possibly Clean Energy Btimiial members.

The second major scenario included in BUENAS carsithe potential impacts of regulations in the
near to medium term. This scenario correspondshigug the scenario used in the first “Global
Potential” study[3], which included aggressive adhievable levels in all countries. There are many
possible ways of defining such targets includingt@dfectiveness, removal of a certain fraction of
models from the market or best available technoldgye to data limitations, the most practicallufge
has been to rely on an evaluation of best practides best practice scenario assumes that all Gesint
adopt stringent standards in modeled end uses Iy, 2there ‘stringent’ is interpreted in the follogi
way:

1. Where efficiency levels are readily comparable s€imuntries: the most stringent standard
issued by April 1, 2011 anywhere in the world.

2. Where they are not: the most stringent comparabtg, (regional) standard issued by April
1, 2011.

3. Inthe case where an obvious best comparable sthanda not available, an efficiency
level was set that was deemed to be aggressiveh@vable, such as the most efficient
products in the current rating system.
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In addition, the best practice scenario assuméstaadards are further improved in the year 209@&n
amount estimated on a product-by-product basis.

Table 7 and Table 8 summarize the references andngsions used in modeling tRecent
Achievements Scenario and Best Practice Scenditie following variables are shown:

Group— Category of regulation: 1 = implemented, 2 =@amted, 3 = in progress

End Use- Appliance type covered by the regulation

ISO - International Standards Organization 3 — lettemtry code

Standard Year Year that regulation takes effect

UECsc — Unit Energy Consumption in tfBusiness as Usual Cdée

Reference- Source of Unit Energy Consumption data

Ref ID— number of reference in References section below

UECka, UEGsp — Unit Energy Consumption in thecent Achievements or Best Practice Scenario
% Imp— Percentage improvement betw@&arsiness as Usuélase andRecent Achievemerficenario
Assumptions / Definitior Definitions provided by regulatory documentassumptions made regarding
best practice in developing the scenario

14 While efficiency is generally assumed to be camsimthe Business as Usual case, Unit Energy Gopsan can
change over time according to usage trends.
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Table 7 — References and Definitions of Recent Aeéhiements Scenario

Product % Assumptions /
Group | End Use Class Units 1ISO Std. Yr UEGc | Reference RefID| UEGa | Reference RefID | imp. Definition
U.S. Rulemaking U.S. Rulemaking
2 | Refrigerator | All KWh/yr USA 201« 577 | Document [36] 481 | Document [36] 17% | TSL2
U.S. Rulemaking U.S. Rulemaking
2 | Refrigerators| Top Mount KWh/yr USA 2014 520Documents [36] 404 Documents [36] 229%4 TSL2
U.S. Rulemaking U.S. Rulemaking
2 | Refrigerators | Side by Sidg KWh/yr USA 2014 71®ocuments [36] 612 Documents [36] 159% TSL2
Bottom U.S. Rulemaking U.S. Rulemaking
2 | Refrigerators | Mount kWh/yr USA 2014 556 Documents [36] 533 Documents [36] 4% TSL2
U.S. Rulemaking U.S. Rulemaking
2 | Refrigerators| Others KWh/yr USA 2014 603Documents [36] 568 Documents [36] 6% TSL2
Ecodesign Ecodesign
1 | Refrigerators KWh/yr EU 2010 251Documents [41] 262 Documents [53] -4%)
Same %
improvement as
u.s.
(Harmonization
3 | Refrigerators KWh/yr MEX 2014 369 [58] 309 ROEE [58] 16% | Scenario)
Room Air U.S. Rulemaking U.S. Rulemaking
2 | Conditioners KWh/yr USA 2014 520 Documents [43] 494 Documents [43] 7%
Room Air U.S. Rulemaking U.S. Rulemaking
2 | Conditioners PC1 kWh/yr USA 2014 387Documents [43] 342 Documents [43] 1294 CSL3
Room Air U.S. Rulemaking U.S. Rulemaking
2 | Conditioners PC3 kWh/yr USA 2014 598Documents [43] 565 Documents [43] 6% CSL3
Room Air U.S. Rulemaking U.S. Rulemaking
2 | Conditioners PC5a KkKWh/yr USA 2014 459Documents [43] 451 Documents [43] 2% CSL2
Room Air U.S. Rulemaking U.S. Rulemaking
2 | Conditioners PC5b KWh/yr USA 2014 535Documents [43] 531] Documents [43] 1% CSL1
Room Air U.S. Rulemaking U.S. Rulemaking
2 | Conditioners PC8a KWh/yr USA 2014 474Documents [43] 458 Documents [43] 3% CSL2
Room Air U.S. Rulemaking U.S. Rulemaking
2 | Conditioners PC8b KWh/yr USA 2014 706Documents [43] 688 Documents [43] 2% CSL2
Room Air Ecodesign Ecodesign MEPS 2012
3 | Conditioners KWhl/yr EU 2014 38[L Documents [42] 190 Documents [42] 50% Scenario
Same %
improvement as
u.s.
Room Air (Harmonization
3 | Conditioner EER MEX 2014 3 [58] 3.C | CONUEE [58] 7% | Scenaric
Room Air
2 | Conditioners KWh/yr CAN 2011 2160 [69] 561 06 74%
Room Air
1 | Conditioners KWhl/yr AUS 201 1771 [7] 1557 9I5 12%
Central Air
Conditioners U.S. Rulemaking U.S. Rulemaking
2 | (inc. HP) kWh/yr USA 2016 307% Documents [23] 2915 Documents [23] 5%
2 | Central Air SAC-CQ KWh/yr USA 201¢€ 238¢ | U.S. Rulemaking [23] 196¢ | U.S. Rulemaking [23] 18% | TSL4
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Product

%

Assumptions /

Group | End Use Class Units 1ISO Std. Yr UEGc | Reference RefID| UEGa | Reference RefID | imp. Definition
Conditioners Documents Documents
(inc. HP)
Central Air
Conditioners U.S. Rulemaking U.S. Rulemaking
2 | (inc. HP SAC-BC KWh/yr USA 201¢€ 2242 | Document [23] 1857 | Document [23] 17% | TSL4
Central Air
Conditioners U.S. Rulemaking U.S. Rulemaking
2 | (inc. HP) PAC kWh/yr USA 2018 2645 Documents [23] 2143 Documents [23] 199 TSL4
Central Air
Conditioners U.S. Rulemaking U.S. Rulemaking
2 | (inc. HP) SHP KWh/yr USA 2016 504[7 Documents [23] 4943 Documents [23] 2% TSLA4
Central Air
Conditioners U.S. Rulemaking U.S. Rulemaking
2 | (inc. HP) PHP KWh/yr USA 2014 5336 Documents [23] 5199 Documents [23] 3% TSLA4
Incandescent U.S. Rulemaking 67 W 1.9 hours pe
2 | Lighting Lamps KWylyr USA 2014 46 [74] 46 | Document * day
Incandescent Ecodesign Ecodesign
1 | Lighting Lamps KWh/yr EU 2012 22 Documents [55] 22| Documents [55] *
Fluorescent
Lamp U.S. Rulemaking U.S. Rulemaking
2 | Lighting Ballasts kKWylyr USA 2014 31 Documents [34] 31 Documents 3%
Washing
2 | Machines kWh/yr | MEX 2014 7% CONUEE [58] g0 CONUEE [58] 20%
Washing Ecodesign Ecodesign
1 | Machines KWh/yr EU 2017 238 Documents [25] 221 Documents [65] 5%
Washing
1 | Machine: KWh/yr KOR 2011 23¢ [25] 151 35% | Same as E
0.1 % cost
effective
Electric U.S. Rulemaking U.S. Rulemaking efficiency
2 | Dryers Dryers kWh/yr USA 2015 695 Documents [24] 677 Documents [24] 3% improvement
U.S. Rulemaking U.S. Rulemaking
2 | Dryers Gas Dryers GJlyr USA 201 3Documents [24] 3] Documents [24] 1%
0.19% cost
effective
Cooking U.S. Rulemaking U.S. Rulemaking efficiency
1 | Products Electric KWh/yr USA 201 153Documents [49] 152 Documents [49] 1% improvement
Cooking U.S. Rulemaking U.S. Rulemaking No Cost Effective
1 | Products Gas GJlyr USA 201 0.9Documents [49] 1| Documents [49] 1094 Improvement
U.S. Rulemaking U.S. Rulemaking
2 | Furnace NWGF Gyt USA 201% 35 | Document [23] 32 | Document [23] 7% | TSL4
U.S. Rulemaking U.S. Rulemaking
2 | Furnaces MHF GJlyr USA 201 43Documents [23] 37 Documents [23] 1594 TSL4
U.S. Rulemaking U.S. Rulemaking
2 | Furnaces OF GJlyr USA 201 ‘70Documents [23] 70 Documents [23] 0% TSLA4
U.S. Rulemaking U.S. Rulemaking
2 | Furnaces EF kWh USA 201 586Documents [23] 58§ Documents [23] 0% TSL4
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Product

%

Assumptions /

Group | End Use Class Units 1ISO Std. Yr UEGc | Reference RefID| UEGa | Reference RefID | imp. Definition
Water U.S. Rulemaking U.S. Rulemaking
2 | Heaters Electric KWh/yr USA 2015 2491Documents [48] 2305 Documents [48] 7% TSL5
Water U.S. Rulemaking U.S. Rulemaking
2 | Heaters Gas Storage GJlyr USA 2015 1Documents [48] 16 Documents [48] 3% TSL5
Newly announced
canadian standard
Water come into effect in
2 | Heater Gas Storac GIiyi CAN 201: 17 [48] 15 [48] 12% | 2012
Water
3 | Heaters Gas Storage| GJlyr AUS 20110 15 [3] 13 1 [3 16%
Water Gas U.S. Rulemaking U.S. Rulemaking
2 | Heaters Instantaneoug  GJ/yr USA 2010 11Documents [48] 11 Documents [48] 2% TSL5
Water Gas U.S. Rulemaking
3 | Heaters Instantaneoug  GJ/yr AUS 2010 11 [48] 1 Documents [48] 2%
Water
2 | Heater Gas Gyt MEX 2014 21 | CONUEE [58] 19 | CONUEE [58] 10%
Useful Energy
from Ecodesign,
Efficiency taken as
MEPS level in the
Water Ecodesign Ecodesign 2010 US
3 | Heaters Gas KWh/yr EU 2018 3136Documents [47] 3105 Documents [47] 1% rulemaking
Water Ecodesign Ecodesign
3 | Heaters Elec kWh/yr EU 2018 20596Documents [47] 1799 Documents [47] 12%
Water Ecodesign Ecodesign
3 | Heaters Qil kWh/yr EU 2013 3490 Documents [47] 3209 Documents [47] 8%
Ecodesign Ecodesign
3 | Boilers Gas KWh/yr EU 2012 14503Documents [20] 12459 Documents [20] 149%
Ecodesign Ecodesign
3 | Boilers Elec KWh/yr EU 201z 11607 | Document [20] 10217 | Document [20] 12%
Ecodesign Ecodesign
3 | Boilers Oil KWh/yr EU 2012 14503 Documents [20] 12163 Documents [20] 16%
2 | Boilers GJlyr CAN 2010 81 [10] 70 [10] 2%
Standby Ecodesign Ecodesign
1 | Power KWh/yr EU 2010 17 Documents [44] 7] Documents [44] 59%
U.S. Rulemaking U.S. Rulemaking
1 | Pool Heater GJ/yr USA 2018 35Documents [39] 33 Documents [39] 49 TSL2
Direct
Heating U.S. Rulemaking U.S. Rulemaking
1 | Equipment GJlyr USA 201 20 Documents [28] 20| Documents [28] 3% TSL2
U.S. Rulemaking U.S. Rulemaking
1 | Freezers All KWhl/yr USA 2014 52P Documents [36] 347 Documents [36] 34% TSL2
U.S. Rulemaking U.S. Rulemaking
2 | Freezers Up Right KWh/yr USA 2014 671Documents [36] 420 Documents [36] 37% TSL2
U.S. Rulemaking U.S. Rulemaking
2 | Freezers Chest KWh/yr USA 2014 39Documents [36] 278 Documents [36] 309 TSL2
3 | Freezers KWh/yr EU 201D 285 Ecodesign [51] »Fcodesign [53] 18%
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Product % Assumptions /
Group | End Use Class Units 1ISO Std. Yr UEGc | Reference RefID| UEGa | Reference RefID | imp. Definition
Documents Documents
Assumes DW is
not part of the
special category
Ecodesign Ecodesign "10 place settings"
2 | Dishwashers KWh/yr EU 201p 350Documents [25] 304 Documents [50] 13% AND includes SB
0.75-7.5 kW Ecodesign Ecodesign
2 | Motors (1.1 kW KWh/yr EU 2017 148% | Document [35] 1461 | Document [31] 2% | IE3 by 201
7.5-75 KWH Ecodesign Ecodesign
2 | Motors (11 kw) KWh/yr EU 2017 19800 Documents [31] 19479 Documents [31] 2% |IE3 by 2017
> 75 kW Ecodesign Ecodesign
2 | Motors (110 kW) KkKWh/yr EU 2017| 396000 Documents [31] 389571 Documents [31] 2% |IE3 by 2017
0.75-7.5 kW Ecodesign U.S. Rulemaking NEMA Premium
1 | Motors (1.1 kW) KWh/yr USA 2010 1361 Documents [31] 1339 Documents [63] 2% by 2010 (EISA)
7.5-75 KWH Ecodesign U.S. Rulemaking NEMA Premium
1 | Motors (11 kW) KWh/yr USA 201( 1923t | Document [3]] 18927 | Document [63] 2% | by 2010 (EISA
> 75 kW Ecodesign U.S. Rulemaking NEMA Premium
1 | Motors (110 kW) KWh/yr USA 2010 392550 Documents [31] 386178 Documents [63] 2% by 2010 (EISA)
0.75-7.5 kW Ecodesign U.S. Rulemaking Harmonization
1 | Motors (1.1 kW) KWhl/yr CAN 2011 1361 Documents [31] 1339 Documents [63] 2% with US by 2011
7.5-75 KWH Ecodesign U.S. Rulemaking Harmonization
1 | Motors (11 kw) KWh/yr CAN 2011 19235 Documents [31] 18922 Documents [63] 2% with US by 2011
> 75 kW Ecodesign U.S. Rulemaking Harmonization
1 | Motors (110 kW) KWh/yr CAN 2011| 392550 Documents [31] 386178 Documents [63] 2% with US by 2011
Distribution U.S. Rulemaking
1 | Transformers| All Types kWh/yr USA 201D 10794 [29] 5702 | Documents [29] A7%
Canada announce
harmonization
Distribution U.S. Rulemaking with U.S. MEPS
1 | Transformers KWh/yr CAN 201 10794 [29] 570Documents [29] 479 effective 2010.
Commercial
Clothes U.S. Rulemaking
2 | Washers KWh/yr USA 201 3102 [26] 258Documents [26] 17%
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Table 8 — References and Definitions of Best Pracé Scenario

)

)

Product Std. Ref % Assumptions /

End Use Class Units ISO Yr UECgc Reference ID UECgr | Reference Ref ID | imp. Definition
Refrigerators kWh/yr USA 2014 577)1 DOE Final®ul [36] 481 [36] 20%
Refrigerators kWh/yr MEX | 201§ 369.p IIE 2005 [75] 295.2 [75] 25%
Refrigerators KWh/yr CAN 201% 577.1| assumed equal to US 481.2 DOE Final Rule 20% [ Ratio from 2014 Standar
Refrigerators kWh/yr EU 2014 279 Ecodesign [41] 322 [41] 40%

Same size as Europe,
Refrigerator kWh/yr RUS 201F 597 | Level C 232 40%

Same size as Europe,
Refrigerators kWh/yr ZAF 2014 59) Level C 232 A+ 409 EU A++ Level
Refrigerators KWh/yr IDN 2014 328 assumed equal to India 323 | 5 Star Phase 1 49% | India 5 Star Phase 2

Same size as Europe,
Refrigerator KWh/yr BRA 201¢ 597 | Level C 23z | A+ 40% | EU A++ Leve

Indian Labeling Program
Refrigerators kWh/yr IND 2014 327.f McNeil & ly2p09 [56] 323| 5 Star Phase 1 4996 Star Phase 1
Australian Labeling
Refrigerators KWh/yr AUS 201% 41p  Australian T&EE) [40] 323 6 Star Ref [40] 35% Program, 10 Star
Refrigerators kWh/yr JAP 201p 519.04 Top Runremgét 429.0) Next Top Runner, 21% 21%
more efficient (2005-2010]

Refrigerators KWh/yr KOR 201% 519.04 Top Runnerget 429.0 improvement) 219
RAC EER USA 2014 2.87 DOE Final Rule [43 3.65 27%
RAC EER CAN 201¢ 3.1¢ | 4E Benchmarkin 3.5¢ 13%
RAC EER MEX 2015 2.794 4E Benchmarking 342 Top Runner %2B

Ecodesign, MEPS 2012 Ecodesign, MEPS 2012

Scenario-personal Scenario-Personal
RAC SEER EU 2012 3.17 communication [42] 3.99 communication Philippe 24%
RAC SEER RUS 2014 3.17 | assumed equal to EU 3.95 Riviere 24%
RAC EER IND 201¢ 2.6% | CLASP Impact Stuc 3.2t 23%
RAC EER IDN 201F 2.57 | assumed equal to Ind 3.2t 27%
RAC EER AUS 2015 2.90 4E Benchmarking 333 %156

assumed equal to
RAC EER ZAF 2015 2.78 | Mexico 3.42 23%

assumed equal to
RAC EER BRA 201¢ 2.7¢ | Mexicc 3.4z 23%
RAC EER JAF 201F 2.8¢ | assumed equal to Kor 3.2t 12%
RAC EER KOR 2015 2.8 4E Benchmarking 2 Top Runner 1p%Ratio from 2015 Standar
LCD kWh/yr USA 2012 102.§ LBNL Technical Stud 64 96.2 [46] 5.00%
LCD KWh/yr MEX [ 2012 71.4] LBNL Technical Study 16 60.6 [46] 5.00%
LCD kWh/yr CAN 2012 82.0 LBNL Technical Studyf K6 77.0 [46] 5.00%
LCD KWhyr EU 2012 64.6 LBNL Technical Study [46 60.9 [46] 5.00%
LCD KWh/yr RUS 2012 69.1 LBNL Technical Study 146 63.2 [46] 5.00%
LCD kWh/yI’ ZAF 2012 72.0 LBNL Technical Study |]46 64.8 Super Efﬁciency Scenario| [46] 5.00% Standard 5% more
LCD KWh/yr IDN 2012 72.0 | LBNL Technical Study [46] 64.8 Cost Effective Target [46] 5.00% | efficient than baseline in
LCD kWh/yr BRA 2012 70.z2 | LBNL Technical Stud [46] 67.2 DBF+Dimming [46] 5.00% every yea

38



ard

o

o

Product Std. Ref % Assumptions /
End Use Class Units 1ISO Yr UEC gc Reference ID UECgr | Reference Ref ID | imp. Definition
LCD kWh/yr | IND 2012 70.5] LBNL Technical Study 16 60.6 [46] 5.00%
LCD kWh/yr AUS 2012 70.5 | LBNL Technical Stud [46] 63.€ [46] 5.00%
LCD kWhiyr | JAP 2012 70.¢ | LBNL Technical Stud [46] 67.t [46] 5.00%
LCD kWh/yr KOR 2012 70.5 LBNL Technical Study 46 63.6 [46] 5.00%
Stand By kWh/yr USA 2014 17.2  Ecodesign [44] .6 [44] 402%
Stand By KWh/yr MEX 2015 17.2 Ecodesign [44] 3.6 [44] 402%
Stand By kWh/yr CAN 2014 17.2 Ecodesign [44] 3.6 [44] 402%
Stand By KWh/yr EU 2019 17.2  Ecodesign [44] .6 44][ 402%
Stand By KWh/yr RUS 201 17p Ecodesign [441] B.6 [44] 402%
Stand By kWh/yr ZAF 2015 17.2 Ecodesign [44] 3.6 [44] 402%
Stand By KWh/yr IDN 2015 17.2 Ecodesign [44] 3.6 [44] 402%
Stand B kWh/yr BRA 201F 17.2 | Ecodesig [44] 3.€ [44] 402%
Stand By kWh/yr IND 2015 17.2 Ecodesign [44] 3.6 [44] 402%
Stand By KWh/yr AUS 2014 17.2  Ecodesign [44] .6 [44] 402%
Stand By kWh/yr JAP 201 17p Ecodesign [44] B.6 [44] 402%
Stand By kWh/yr KOR 2014 17.2  Ecodesign [44] .6 Ecodesign [44] 402% 0.1 W standard
Water Heater| Electric KWh/yr USA 201p 2491 DOE, TamO0 2305| DOE, FR 2010 90%%
DOE, FR 2010-assumes Heat Pump, DOE FR
Water Heater| Electric kWh/yr CAN 201p 2491lassumed equal to US 2305same % imp 90% | 2010
Useful energy from
Ecodesign study,
efficiency from USDOE Efficiency target same as EER=2 | Heat Pump, DOE FR
Water Heater KWh/yr EU 2018 2161 rulemaking 1799 | US FR,2010 .35 2010
Water Heate | Electric kWh/yr AUS 201F 360: | McNeil et. al 200 [3] 3262 | McNeil et. al 200 10% | Ratio from 2015 Stande
Condensing, DOE FR
Water Heater| Gas Storage GJlyr USA 2015 16.8 DEE2FL0 16.3] DOE, FR 2010 2462010
Water Heater| Gas Storage GJlyr ME 2014 20,90 CORUE 18.81| CONUEE 119 Ratio from 2015 Stand
DOE, FR 2010-assumes Condensing, DOE FR
Water Heater| Gas Storage GJlyr CAN 2015 16 &ssumed equal to US 16]3same % imp 24% [ 2010
Global model
Baseline+Savings from Syneca Consulting, 5 sta
Water Heater| Gas Storage GJlyr AUS 2015 15.8Yyneca report [66] 13 std 19%| Ratio from 2015 Standa|
Gas
Water Heate | Instantaneot GJ/yt USA 201t 11.2 | DOE, FR 201 11.1 | DOE, FR 201 16% | Condensin
Gas Syneca Consulting, 6 star
Water Heater| Instantaneous GJlyr AUS 2015 113 US baseline 257 22%]| Ratio from 2015 Standa|
Phase
Phase out by
Incandescent 3 out by end of
Lamps % IL USA | tier 2020 LBNL Assumption 2014 67%
Phase
Phase out by
Incandescent 3 out by end of 100Lm/W LEDs (CFLs
Lamps % IL CAN | tier 2020 LBNL Assumption 2014 EISA 67% 60Lm/W)
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Product Std. Ref % Assumptions /
End Use Class Units 1ISO Yr UEC gc Reference ID UECgr | Reference Ref ID | imp. Definition
Phase
Phase out by
Incandescent 3 out by end of
Lamps % IL Other: | tier 203( LBNL Assumptior 201< 67%
Fluorescent
Ballast % USA 2015 80Y Harmonization Repor 88% [76] 4%
Fluorescent
Ballast % CAN 2015 789 Global Model 87.80% 1[76 1%
Fluorescent
Ballast % MEX | 2015 80% | assumed equal to US 87.80% [76] 4%
Fluorescent
Ballast % EU 2017 80Y Harmonization Repor{ [54] 87.80% [76] 4%
Fluorescent
Ballas % RUS 201F 78% | McNeil et. al 200 [3] 87.80% [76] 4%
Fluorescent
Ballast % ZAF 2015 789 McNeil et. al 2008 [3] 80% [76] 4%
Fluorescent
Ballast % IDN 2015] 709 McNeil et. al 2008 [3] 80% [76] 4%
Fluorescent
Ballast % BRA 2015 789 McNeil et. al 2008 [3 80% [76] 4%
Fluorescent
Ballast % IND 2015] 709 McNeil et. al 2008 [3] 80% [76] 4%
Fluorescent BAT from Harmonization
Ballast % AUS 2015 80% assumed equal to EU 87.80% Ecodesign Directive [76] 4% Report
Furnace GJ/yr USA 201% 34]7  Final Rule 2011 [40] 32.3| Final Rule 2011 [40] 28.5 Condensing
Energy Use assumed equal to US,
Furnace GJ/yr CAN 201% 79 Datahandbook 2008 [10] 73 scaled 8%
Scales with Fuel
Furnace Fe KWh/yr USA 201F | 285.32 | Final Rule 201: [4Q] 265.: | Consumption of NWG 8%
assumed equal to US, assumed equal to US,
Furnace Fan KWh/yr CAN 201p 643 scaled 598 scaled 8%
Central AC kWh/yr USA 201§ 3234.8 Final Rule 2011 [40] 2915| Final Rule 2011 [40] 11%
Energy Use
Central AC kWh/yr CAN 201f | 1,698 Datahandbook 20C [1Q] 163( 4%
Energy Use in Australia
in the residential sector Same % Improvement ag
Central AC kWh/yr AUS 201t | 432 198€-202( [22] | 414 uUs 4%
Freezer kWh/yr USA 2014 529.3 Final Rule 2011 [77] 34  Final Rule 2011 1[77 52%
Freezer kWh/yr EU 2014 233.4 Ecodesign [41] 22B  Ecodesign Directive 1]1[4 5% | Ratio from 2015 Standar

)
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6. Discussion of Uncertainty

A well-established methodology exists for estalitigithe uncertainties in a mathematical model, ive
reliable estimates of uncertainties in the inputsfortunately, errors are generally not well-defirfer
most model inputs in BUENAS. Therefore, a robustrgification of uncertainties is not possible.
Instead, this discussion presents the general tdvuaicertainty of key variables and their impactioe
final results. There are two general categoriasnokrtainties associated with BUENAS inputs:

e Errors in determination of “data-driven” parameters
» Uncertainties forecast parameters due to difficintgredicting the future

In principle, the first of these could be reduceelaminated with sufficient data, while the secard
“irreducible” to the extent that the future is difilt to predict. Parameters that are “data-drivieictude
energy efficiency and product class market shargsge patterns, lifetimes and sales. Critical fasec
variables include sales growth rates, populatiahteusehold size, economic growth and evolution of
baseline efficiency. Finally, a third category af@meters includes efficiency targets chosen ih eac
policy case. These “scenario” variables are esagnthe choice of the modeler, and do not imply an
uncertaintyper se

The following sections describe the general le¥eir@ertainty in the most important input variabdesl
assess their effect on energy and savings calootatiVe characterize levels of uncertainty as “I¢0v”
5%), “moderate” (5%-15%) or “significant” (>15%)v&n these categories, however, are just estimates.
Although we have attributed a quantitative desmiptthe actual levels of uncertainty for each able

may be different depending on the country, spepifariuct, and even the year in question. They shoul
be viewed as indicative levels of uncertainty

6.1. Data-Driven Variables

Historical Sales 4n many cases, the sales forecast is driven affiofent or historical sales using a
growth rate, calibrated to long-term diffusion gathn this case, future sales scale directly wisihohical
sales. When these data are available, the undgrtairthem is generallipw, but the impact on the final
results ismoderate

Lifetime— The equipment lifetime impacts sales througtament rates when sales are forecasted
using saturation modeling. Impacts sales only ediy when sales are forecasted using historicaitr
rates or are taken from secondary sources, whicbrgly have access to high-quality data. Therefore
while the uncertainty on lifetime &gnificant, the overall impact of lifetime on the sales fastds
moderate

Base Year Efficiendpistribution- In countries and appliance groups with existiimgpdards or labeling
programs, the uncertainty on this parametémisbecause the distribution is close to the minimum,
and/or the market shares are known. Where no s@mdalabels exist, the uncertainty on base year
efficiency distribution isnoderate Because efficiency directly impacts UEC, the ltirsgi uncertainty in
these two cases lisw or moderate, respectively.
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Usage -The dependence of UEC on usage varies greatly aemhgses. End uses that are highly
dependent on usage include lighting, air conditignivater heating and space heating. For these
equipment types, the uncertainty and impact on Es@nificant.

6.2. Forecast Parameters

Shipments Growth Ratesln cases where historical sales are trendedafatvthe assumed growth rate
has a direct effect on stock and turnover. The taicsy and impact of this variable sggnificant.

Population and Household SizeDemographic parameters have a direct effecatas svhen a diffusion
model is used. These trends are modeled carefullypeobably have onlgnoderate uncertainty over the
forecast period. The overall affect on uncertaoftyesults idow.

GDP Growth Rate- The GDP forecast affects the projection of comuméfloor space, appliance
diffusion and industrial motor energy. GDP growdtes are assumptions and are associated with a
significant level uncertainty. The impact of GDP growth onrgygorecast isnoderateto significant,
depending on the country and appliance group.

Urbanization and Electrificatior- Like population and economic growth, these patans affect sales
when a diffusion model is used. These trends amefted carefully and probably have ontpderate
uncertainty over the forecast period. The ovefédiot on uncertainty of results ligw.

Efficiency and Product Class TrendAppliance markets are constantly evolving, witlanges in
product classes and technology types driven byuwoas preferences and technological innovations. In
the case of major white goods, these changes cgraldeal and incremental, whereas in electrondgs, f
example, changes can be extremely rapid, makingigation of trends difficult even a few years lret
future. The uncertainty of these parameters isfbeemoderateto significant. Obviously, the impact of
these changes can be wide ranging and can draftyaiticpact energy consumption. The overall effect
on the results is therefore alsmderateto significant.

Electricity Carbon Factor Electricity carbon dioxide emissions are caltdaas the product of
electricity demand and asectricity carbon factotaken from IEA base year data forecasted accotding
trends in theNVorld Energy Outlook71]. The projection of electricity carbon factéssased on
expectations of the carbon intensity of new geimratapacity. The uncertainty of this projectiom ¢
characterized amoderate Since emissions are directly proportional, thaey also be characterized as
moderate

Field Consumption VariabilityEfficiency for many equipment types modeled inBBUAS is estimated
according to ratings determined according to statizied test procedures. Differences between ratdd a
actual installed (field) consumption due to varabinbient conditions and use pattern s have loag be
known to exist and have been recently studiedf(seexample [78]). The uncertainty from this
variability ismoderate and has anoderateimpact on estimates of energy demand and savings.
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Rebound Effects ‘Rebound effects’ refers to the increase in asafgenergy that is a direct impact of
increased efficiencyMacroeconomigebound effects refer to the general increasedm@mic activity

due to reductions in consumer energy expenditidiesct rebound effects refer to increases in appliance
usage due to a perceived or actual reduction ieredifures as a result of efficiency. Neither effect
included in BUENAS, although there are plans tdude them in future versions. Estimates of rebound
effects are variable and often controversial, beitclvaracterize them asoderate with amoderate

impact on savings results.

Table 9 — Summary of Level of Uncertainty and Impatof Results by Variable

Variable | Level of Uncertainty | Impact on Results
Date-Driven Variable

Historical Sale low moderate

Lifetime significant moderate

Base Year Efficiency Distributic low to moderate low to moderate

Usagt significant for some significant for some
equipment types equipment types

Field ConsumptioiVariability moderate moderate

Rebound Effec moderate moderate
Forecast Paramet

Shipments Growth Rat significant significant

Population and Household S moderate low

GDP Growth Rat significant moderate to significant

Urbanization anElectrificatior moderate low

Efficiency and Product Cla: moderate to significant moderate to significant

Trends

Electricity Carbon Facti moderate moderate

In conclusion, there are significant areas wheeeaitturacy of results produced by BUENAS could be
improved through various means, primarily througktdr data. On the other hand, there will always be
uncertainties in forecasting and these are likelyd significant. In fact, overall, the forecastgraeters
identified inTable 9 more often have a “significant” effect on the fesuThis aspect of the modeling
should be taken into account when considering dppities for increasing model precision.
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APPENDIX — BUENAS Inputs Spreadsheet Contents

Sheet / Area Description
Macroeconomic Time Series Variables used in econometric forecasting and staétulations
Population National population forecasts

Household Size

Average number of persons per household

Number of Households

Total number of households per country

GDP per capita Growth Rates

Economic growth scenarios by region

GDP per Capita

GDP per capita calculated from GDP and populativeadasts

GDP Per Household

Household income from GDP per capita and housetinid

Electrification

Percentage of households connected to the grid

Urbanization

Forecast of percentage of population in urban areas

Diffusion and Floorspace

Modeling parameters of diffusion and commerciabfspace

Residential Appliance Diffusion

Model parameters of appliance ownership

Service Employment Shares

Percentage of employees in tertiary sector

Floorspace Per Employee

Commercial building area per employee

Cooling Degree Days

Cooling degree days by region

Tertiary Sector

Commercial building sector parameters

Economically Active Population

Total national workforce

Unemployment Rate

Percentage unemployment forecast

Employment Net employment
Product Sales and Stock Product market parameters
Unit Sales Forecast of units sold
Unit Stock Forecast of units operating in stock

Stock in 1980

Historical base year stock

Commercial End Use Intensity

Energy use per square meter by end use

Unit Energy Consumption - BAU

Annual unit energy consumption in Business As USecahario

Unit Energy Consumption - EFF

Annual unit energy consumption in Achieved Imp&xtenario

Unit Energy Consumption - Best Practice

D

Annual unit energy consumption in Best Practicendde

BP Targets

Best practice efficiency definitions

Market Shares

Product class market shares

Motors Analysis

Industrial electric motors activity parameters

Lifetimes Equipment lifetime probability distributions
Carbon Factor Emissions rate per unit electricity delivered
Metadata Sources and references of modeling parameters
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