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The Buildings Energy-Use Compilation and Analysis {*“BECA™) data base is
an international reference source for policy-makers, practitioners, and researchers
on the measared performance and cost-effectiveness of buildings designed—or
retrofittéd—to save energy and reduce peak electricity demand (1). The data
base is maintained at Lawrence Berkeley Laboratory {(LBL}, with the help of other
research centers within and outside the U.S, who eontribute data or stafl assis-
tance. BECA contdins carefully screened records on over 2200 energy-efficient
pesidential- and - non-residential buildings, mostly in the US., Canada, and
Western Europe. Part B of the data base covers retrofits of single-family and
multifamily residences. The present paper focuses on multifamily retrofit resuits,
including over 100 recently added data points that allow an initial comparison of
retrofit experience in the U.S, and in three European countries.. Results summar-
ized here are presented elsewhere in more detail (2) and will be included in a
forthcoming LBL report updating BECA-B. .

Tarly retrofit programs in the US, concentrated on smgle-famtly houses,
with attention shifiing, in recent years, to multifamily buildings. . The opposite
trend has occurred-in most of Europe:r the initial retrofit emphasis was often on
multifamily buildings, with a later focus on. single-family ‘homes ' (3).* Energy
efficiency in the multifamily scctor merits special attention for several reasons. In
most developed countries, multifamily buildings represent a large fraction of all
housing units. This is especially true in Western Europe, with about 45 to 55%

* For example, in France over 90% of the residentisl energy audits complieted as of mid-1984 were
in mulifamily buildings.
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-multifamily units,* byt less so In the 1.4, with 249% multifamily (4,5,6). Ol use
and oil-saving opportunities are found to g greater extent ip multifamily buildings
than elsewhere in the stock, Although most newer French'and 1.8, multifamily
buildings are electrically heated {or furpished with individual gas space and water
heaters for each apariment), the less-efficlent older stock tends to have central ol
or gas-fired heating plants. Annual energy costs in U.s. muitifamily buildings
{with 54 dwelling units) total § 11 billion, or $830/unit, Per dwelling unit, this is
20% lower than for U.S. single-family housing, but nearly twice as high in terms

of energy cost per heated floor areg (6). Also,leompared'with’the s

tax revenues, In Western Europe, Energy use and cost
are generally lower than in the U.5., refleeting both |
and somewhat h:’gher_degree-dnys in most of Europe.
K';comparison-_ of U.S. and European multifamil
because the latter appear to represent g *
penn retrofits in the BECA data base were generally rore expensive than those in
the U.5,, and achieved simijlar percentage savings—but op a fower pre-retrofit
base.” Lower pre-retrofit consumption of these European bulidings may be
better equipment Imaintenance and operation, and to building shells that w

5 in multifamily dwellings
ower appliance energy use

}"r'.,'r'ér't':r'oﬁfs\: is interesting
‘second-generation" effort. The Furo.

tially tighter and better insulated, The Euro
rather than system improvements. Most shell retrofits ig multifamity bufidings,

while less cost-effective in energy terms, may offer other benefits 35 improved

appearance, comfort,  angd “structural preservation. - We discuss data sources,
methods, and results in the next sections,

i

- BECA-R data sources include logal Eovernment energy offices, publie hémsir}g
authorities,. private and non-profit, building owners and anagers, research orgagn.
izations,: and- utlity companies, The data.vary ip, eorpleteness and leve| of
detail; at -3 minimum they inelude measured energy. use for :pertods before apd
after retrofi {or 'post-retrofit data for a treated and a control building), retrofi
tosts and type of measures, ‘and selected building characteristics. Eacl data point
is sereened for completeness, interpal consistency, and common definitions of key
terms such as fyel heating . value, reirofit type, and floorspace measurement,
Energy use of the space heat fuel is nermalizéd either for floor area or pumber of
dwelling units_ ** Where there are measured data for several periods, energy use is
weather-normalized ‘using a statistical ft { ) Where only seasonal energy data

r ‘We' normalize using the ratio of that year's heating degree-days
(base‘lS"C) to HDD for an average year. . Due to insufficient data, we do not at
present adjust for differences—either among. buildings or between the pre- and
post-retrofit  periodg—in inside - temperature,. interpal gains, windowwopemng

* Within Europe there is considerable variation;
residences, Switvertand about 8097,

** Where space heat, EnErgy is not separately metered, we suse summer consum
“space-heat fractions™ to separale it from water heating and ather end-uses,

“the UK. has Tewsr ‘thap 209 multifamily

ption or typieat
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ppacticc.s, et‘.:i_ d retrofit costs (ineluding Isbor and materials) are b‘oth
Pnetey costs altl (1085) U.S, doliars. Energy costs reflect act}ml ic‘»cal prices

expressed as ?onstﬁfﬂ etrofit {or, as » defaunlt, national average residential enec;'giY

pa}d pthe t{lng b (I'ects the ,GNP deflator is used to conmvert costs to 1985i 9%;

]pncesg"'of (()):her. c.oi;tjries ,original energy and retrofit costs are translated to

ars, I 4

- US . dollars
local currency using that country's GDP cost deflator, converted to

ssed as constant 1985 US dollars using
‘using 1981 exchange rates, and then expressed a:

trl e U-S. deﬂat()l. Thig [‘r@ced“re a”GWS a more C{’HS[StEHh cCoOmpartson Of 16‘“0!1{:
1
untries “]tho aﬂ Iﬂg pay
econoimics In th& d!fEEIEILL o 03, ut ect b ba'Ck C&lculatic)lls Qr
Otl such n {ment 1 34 ( f investmen
ler mdlces, as the retrofit VESs & ]ide ratio o Ve, t to

annual pre-retrofit energy expenses),

We summs;lrize characteristics of the 250 multifamily l:eb;‘ofgte;r?iezfeig‘:g:
inT : ling size is la
' try, in Table 1. Average- dwel 4 ] ' v
,dﬂf'?d.baze'(g; c(')ru}iz 52f1 French retrofit projects, exf:luswely ml s{;)cml 2:53:1?5;,
"bmi g::%i the .largest buildings (both in number of units and tt;tak {;i?e 10y
mcdut.be smallest average unit size: slightly below the French s olc z: . wii;th 0’31 )
%\?‘:th few exceptions, all the retrofitted buildings Fvere! ceritreziijghaia:f Jith ofl or
i i ily stoc aj _

H is is more typical of older multi amily -
gtfm’ s:isorIIOt;‘c(l)’rtt.};:Z SS , retrofits in gas-heated bunildings 3“;10‘»’8;'!‘391‘&56“53‘:18‘3;1:(1
nared to T ite i for France, with only one gas-

stock. The opposite i3 true for ' '
Ea?fcgnloiltht&;le data basge, vs, 309 gas heat in the centrally heated stock {11},
el v s b

Average pre-retrofit energy intensities for space hand Fwsrt:;el ai;egizlftr;rse: )
significantly greater in the U8, l?ui}dings than 'fD!" theht: }:eis fbe ?Swedgsh pries:
40% higher than the French buildings and twice as ig e Swedish casen.
U.8. buildings in the data base used about 40‘,’.70 more ene;gy&}]r Fre ot ot
h. . verall multifamily stoek average (12). ?l"iOI‘ t::) retrofit, the e
o oup, were about average for the muliifamily stock—but used a out teﬂc:
?jo:egernerz,}f than the typieal social housing project (oL Pkre‘wret.rogi; ;;ie:ﬁz ‘:Sr:“r o

: sity for the Swiss buildings was about IQ% above the stnc. aver‘;:tghh Clower (15).
ish buildings pre-retrofit usage appears typical of the stock, or slightly . B)

".I‘vnes of Retrofit Measnres and Levels of Investment

Table 1 also shows the frequency of leacl} ma'm. type of retm:it ;::z?;:::;;}blﬁ
country. Shell insulation (typically exterior insulation on .ma.‘;cmés iy
' on in the European retrofit cases than in ¢ e U.S. :
mmi} mgre'eommt changes cceurred in one-half to three-quarters of -the cases o.r
oy ne e‘lm'l‘f“e?he data base. Heating control changes, water heating ret:roﬁts,
eagl;&iﬁtgégums were most common in the U.S. and Switzerland. Without
an .

. i f recent
* 1981 rates are considered more typieal of long-term trends, given the Auctuating rates of ¢

years.
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. Tuble 1. Multsfamﬁy Bmidmg f'ea&ure& Retro!‘ts Lnergy Savings and Cost-Effectiveness.
v.e”’

" France | Switserland SWeden

Nnmbériofft’rojectsa: - i-ﬂ' o
Bulldlng Type' i
High-rise":f- '
Low-rise {< 4 flobrs)
Combination/Unknown:

Ne. dwellings/bu:lding

Qi o4 s

Floor area/dw“ "lmg {m? ) s

Heatmg System Typer::
Central . ., 1

Individual .~ . .
Heating Fue[ 'I\rpe'
‘Natural Qas
e 1
ol ., 63 g
Electricity LU o
Mixed Fuel? */ o 3
District Heating G 15
Clunnte Zone (iI_DDm C} ‘
<2000 TIDD o 0
2090 3000 HBD © &} 1]
3000 - 4600 FIDD 84 15
= 4800 HDD : e RO i S R | o 3
' Energy Intensity [M.!/m ): e S S
]-:re-retroﬁt. s C T us3(1347) 038 [1038]  g4s (8390 - 72 fr20]
Postretrofit ... ... ... ., ns3 (1123] . 885 (871] . 628 [824; . 605 {583
Percent Bavings 07008« 0 -0 CApe) ot as Qs ooy i26] - 16 {14]
Frequency of Retroﬁt Mennures (?’/) ho o
Insulation " ' s ) .
Windows: " ) ;3 e g(’; ;2
Heating Eqmpment; 8L 70 : 5;
Heating Controls - ot 24 : 44 56
Domestic’ Hot \Vmer s 5 9 50
Other N I 30 50
Retrofit Investmentl
gUS {1985)/m* . _ 11 i5} 51 [20] 46 [38} 38 18]
nvestment fndex 1.3 {0.6] 4.7 {3.0] 6.6 [5.5} 4.5 (2.3
Simple Payback Time {vears) * . EEET! M4} o T 120§ 52 {23] 24 [27]

- Values are gwen A% mean Emed:an] ;
® A project may include one or more retroﬁtted bmldmgs at oue sile, whlch are treated as a unit for this analysis

“Mixed Fuel” means that either two fuels are used In

T gpace heating (typicail -

1ty] ‘or that {uel switching ocourred after the retrofit. & (typieally gas and ol depending on availabi
€ Energy used for spa d

o k\;‘\-’yh/mgday P L:E =.111 jWﬂtBr ht’atmg water heatzng energy is estimated in some cases, ns:ng a defanlt value of
As a percent of all projects from that countr

y' in Lhe databasc Totals refiect mu!%:plc Mmeasuies per site.
® Ratio of retrofit investment 16 preitetrofit as PR

inual energy expenaes .
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better data on retrofitting paiteras in the multifamily stock, it is difficult to
determine how typical are the 250 cases in the data base. However, in France, a
1982 survey of multifamily retrofits produced results that can be compared with
our 21 social housing examples. The survey shows about the same rate of heating
equipment retrofits (279%); greater emphasis on system maintenance (23%), con-
trols {17%), and window measures {13%); and lower frequency of insulation in
walls/floors (17%) and reof/atties (129%) (13). One guide to Swiss retrofits sug-
gests that shell measures are about 50% more common than system retroﬁt.s in
multifamily buildings (14).

Average levels of retrofit investment also dlfi’er dramahcally by country,
shown in Table 1. Average retrofit costs for the U.S. buildings were less than
one-third the costs in the European buildings in the data base (under 25%, com-
pared with the Swiss buildings).. This holds true for both indicators: retrofit cost
per unit’ floor area, and retrofit eost indexed o :(pre-retrofit) annual energy
expenses. As noted earlier, however, to the extent that the European retrofits
emphasized shell insulation, some of the retrofit’ cost could reasonably be attri-
buted te building preservation and restoration, not to energy savings alone.

D

“Table 1 shows that, on average, the U.S. buildings saved the most energy per
dwelling, but also had much higher pre-retrofit energy intensities, Average per-
centage savings were similar in the U.8,, French, and Swedish examples (15-17%),
and higher in the Swiss buildings (27%). Most dramalically, average simple pay-
back periods for the European retrofits were between two and four times longer
than for the U.8. buildings. ¥ Payback periods this long would be unacceptable to
most public or private sector building owners In the U.S. However, many of the
European buildings were retrofitted earlier than their U.S. counterparts, often as
part of demonstration programs that were subsidized by the government, which
partially accounts for the higher cost of the Furopean projects,

Figures 1 and 2 present the same energy savings and cost-eflectiveness results
in graphic form. Figure I shows annual energy savings vs pre-retrofit annual con-
sumption,** By country, the U.S. buildings tended to have the highest pre-retrofit
energy use, and the Swedish buildings the lowest. French buildings showed little
variation in pre-retrofit use. In terms of percentage savings, the Swiss retrofits, as
a group, performed best, U.S. buildings with similarly high percentage savings
tended to be those which were very energy-intensive to begin with—often due to
poorly-controlled botlers and distribution systems,

Figure 2 shows percentage savings as a function of the investment intensity
index for each project. As in the first figure, a primary impression is of large
scatter in the data. A number of the very low-cost U.S. projects involved adding
* Note, however, that to facilitate comparisons, the payback values in Table 1 do rof include ARY
increase—or decre&scm in real energy prices after the date of retrofit.}

**Consumption inchudes energy used for space heating, domestic hot water, and, for many 1.8
buildings, cooking. {In cases where hot water consumption was not available, esumated domestic
hot water consumption of 190 MJ/sq.m. has been added to space heat use.}
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000 'O U (n=m)' - controls to large central ht.aa!,ing systems. The Swiss buildings, as a gronp,
T Swedion (!"":lé)- ] showec.i the highest levels of Im:rest,ment and also saved the most-—but not enough
u Swis (o6t} . o © _ to avoid very long payback periods.

ﬁ Frﬂnc.%!’(‘n‘dl!) T -8
g While the small, non-randem samples presently in the BECA-B multifamily
§ o : : data base may not be typical of general retrofit practices and results in any of the
g o: S ; four countries, a comparison of the results is at least suggestive on two points: [a)
g ‘ o : : ' U.5. multifamily buildings, because of their higher initial energy use, may offer
g s it : more obvious opportunities for low-cost savings, and {b) owners of existing mul-
":_gf ; 194 : a : tifamily buildings in Europe appear to be more willing than those in the U.S. to

make major investments in preserving and improving the existing stock——based
on very long time-horizons {or alternatively, low discount rates). A third factor

- SR : : may have been that the European retrofits were undertaken at a time when many
: : - : building owners expeeted continuing major inereases in oil and gas prices, a trend
u © : which has been temporarily slowed or reversed. In this sense, these European
: + : o o multifamily retrofit results may offer a preview of future retrofit possibilities in
- 200 . . ; . . ; g e - ieati N . . [
R ™ ' s VAt A . e (1.8, buildings, as w:veii as an indication of what might be done in the remaining
o T MAC before refrofit {Mifsqm) - 3 un-retrofitted buildings in each European country.
- Briergy savings vs. préirebrofit energy nse, for U.S. and Europesn mul- - : Under the BECA project, we continue to compile and review data from

buildings in both the U.8. and Europe; suggestions and further leads from readers
are weleome., Future work will include improved methods for weather- and
oceupancy-normalization, more detailed comparison of retrofitted buildings in the
data base with typleal stock, submetered end-use energy data, and lnereased
efforts to document the long-ferm performance and reliability of retrofits—beyond
the first one or two years, Detailed (submetered) retrofit monitoring projects now
underway in the U.S. and Europe are trying to explain the seatter observed in
enorgy savings: How much is due to differences in building operation, ccenpant
behavior, retrofit product or insiallation quality, or other factors? These data will
be included in BECA as they become available. We will also look in more detail
more ab how individual, well-documented retrofit projects compare with general
practice affecting the multifamily stoek in each country. We plan to develop and
test more refined methods te compare building energy performance, retrofits, and

operating practices among different countries. '

tifamily buildings: +

2 O UShsus),;
. V _S’w&di;’.\ (n"—.'l.‘;) o
o+ V.ISw_iss tn:_s‘ﬁ) N
\A B french (n.=?9)

investrment infansity
a
i1

At the policy level, an important issue is the extent to whish further energy

s a and cost savings can be nchieved, despite the end of most government retrofit

o subsidies, through low-capitakinvestment sirategies or “alternalive” {third-party)

. financing: Perhaps the largest remalning opportunities for energy magagement in

existing buildings lie in the continued, eflective management and maintenance of

) - 'Ov': g ; existing facilities, increasingly assisted by remote telemetry or by computerized,

O'%“Ja'}”o h P - i on-site, control systems. New “hardware” technologies shonld not be overlooked,
s &0 :

but neither should the training and encouragement of competent personnel with

Percentage end ings (% crars .
céntage ensrgy savings (%) the responsibility and knowledge to keep them working well.

Fig. 2. Retrofit investment intensity vs. percentage savings. “Investment inten- :

o0 Sty equals retrofit cost divided by annual pre-retrofit energy costs. A 1

- few U.5,, French, and Swiss buildings lie outside the boundaries of this ;

plot. Constant payback lines aré Hlastrated for five through thirty year
payback times,
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1. Introduction

The space heating of buildings accounts for over 25% of total energy
consumption within the European Community. With a building renewal rate of
about 2% p.a, it is clear  that an appreciable reductior in this
consumption can only be obtained by improving existing buildings.

Selection of the most appropriate energy saving measures for a
particular building requires careful analysis of the energy flows within
it, using what are known as Energy Auditing (E.A,} technigues, If the E.A.
and the recommended Energy Conserving Opportunities (E.C.0.) are, ijointly,
to be cost~effective, it is essential that the cost of the E.A. alone be
low by comparison with the value of the probable energy savings,

The.  E.A. schemes curréntly used in Burope (1}, range very widely 'in
their degree of complexity and cost, so that the guestion arises for the
consumer as to whether cheap audits can be relied upon or conversely
whether more expensive audits can be justified by greater accuracy, The
Ispra “Benchmark ERiperiment” was devised hy the Joint Research Centre
{J.R.C.) in an ' attempt to answer this question, Four companies were
commissioned to  carry out separate E.A.s of ths same set of. buildings.
Their reports were then compared not only with each other but with a much
more thorough study {the benchmark) carried out by the JRC's own staff.
Preliminary results have already been presented (2}. '

The buildings selected, all publiely owned, and in the Ispra area, were
a) 'six, b5-floor apartment buildings connected to one lieating plant by a
small district heating network. Built in J1965;

b} a primary school, built in the eariy 70s;
e} a single-family, mid-terrace house, built in the early 80s.

The guditing companies came from three different countries and each
employed a different level of auditing. The audits were as follws:

Company n.31: most detailed audit: ipnfra-red (Thermovision} study of
envelope with computer processing of images; dynamic thermal simulation
model for larger buildings, static for the terrace house.

Company n.2: detailed audit but somewhat simpler than above: hand-held
infra-red viewer to inspect envelope, static thermal simulation model.

Company n.3: 4dudit concentrated on the performance of the heating plants ;
a small data logger used to obtain the "Building Bnergy Signature®™, This,
together with reference values, used to calculate the annual energy



