
HEATIt«7 COST AlLOCATION IN CENTRALLY HEATED RENTAl HOUSING:
EtERGY CONSERVATION POTENTiAl AND STANDARDS ISSUES

Martha Je Hewett, Helen L. Emslander and Michael J. Koehler
Mfnneapol Is Energy Office

ABSTRACT

PRISM analysIs of nine Minnesota buildings in which heating cost alloca
tion was implemented showed an average savIngs of 16% of normal Jzed annual gas
consumpt Jon (NAC) ~ Econom Jc ana I ys Ts showed that the owners cou I d ach Ieve a
one year payback while Increasing tenants' total average costs by only five
dol lars per month. Owners reported generally positive tenant reactIons and no
long term increase in turnover or vacancy@

These findings suggest a role for heat metering in energy conservation,
but regulation may be needed to protect tenants and the publ Ie interest. No
U*S@ jurisdiction currently has a comprehensive pol Icy heating cost al loca
tIon, but I itlgatlon is beginning to emergee The Minneapol is Energy Office

been working to develop a draft pol i ~ Combin! our own experience with
an in-depth review of standards from European countr s where heat metering Is
wJdespread, we have i dent f f i ad f tva key areas at must be addressed ~ The
first is to require that the buildings meet an energy code, sInce otherwIse
allocation may decrease owners' Incentive to make conservation improvements *
Any pol Icy must also regulate the meterIng Jpment ftself$ European stand-

offer valuable guidance in this area, covering types of equipment al lowed
various appl ications, required accuracy of measurements, procedures for

conversion from the measurement value to estimated heat consumption, tamper
proofIng, and a host of other issues@ Since uses not monitored by the al loca
tion Jpment often comprise up to 60% the total fuel bfl I, standards for

equitable dJstri ion of non-metered costs are a third critical issue
ized by European ias (and some a9Se monitoring firms)@ in our

i Id i max lmum annua I var i at ion between
units within a hours 9 clearly an unreal istre

, to 4 to 1 for b f II ad energy charges ~ The pol icy shou J d a Iso requ Jre
owners to disc lase bill s to prospect i va tenants and to prov' de c Iear
i ion on how allocation system works and how they can reduce their

ex[)en:ses$ Finally, bit I ing provisions should prohibit profit from
and should require owners to offer budget blillng@ January bills in

bui Idfngs were fcally 7 to 10 times summer bi lis and were fre-
Iy in excess of $80@
A national effort is needed to develop standards usIng centralIzed

resources, so that IndivIdual Jurisdictions do not have to face I itigatfon and
I stlons unassfsted* In the meantime, standards which address the

above five issues; even if somewhat bare of technical details, can provide a
framework for Interaction among governments, landlords, tenants and monitoring
companfes@
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BACKGROU

Heat i n9 cost a I Iocat ton systems are comb tnat ions of mon Itor i ng dey fcas
and account tng procedures des Jgned to a I Iow the energy costs f n centra I IY
heated multifamily buildings to be divided among the individual apartments on
the basis of use. The systems dIscussed here deal only with central heating
and domestIc hot water; the concerns would be somewhat different for systems
deal ing with centrally cooled buildings or district heatIng systems.

From a pol icy perspective, heating cost allocation (HCA) has several
potential benefits~ First, It places the financial responsJbil ity for energy
consumption on the user of energy. Occupants' energy use habits are a major
factor in bu J Iding energy consumpt Jon 9 Stud i es at Pr Inceton Un fvers i ty have
documented two to one variations in energy use in ident'tcal residences due to
var i at ions In energy I i festy Ie (Sonderegger, 1978) 9 By b f I I Jn9 the tenant
directly for energy used, HCA gives the residents of multIfamily buildings a
motivation to use energy more efficiently, keepIng thermostat settings reason~

ab I e and keep I ng wJndows closed in col d weather ~ A number of stud' es have
cited the division of responsibIlity between owners (who pay the bills) and
residents (who control much of the day to day operation of the bUilding) as
one of the major institutional barriers to energy conservation in multifamily
buildings (e.g., Bleviss and Gravltz, 1984)G It is estimated that the 9
mill ton U~S~ rental households in buildings with owner-paId space and/or water
heating consume 0 quadrJl1 Jon Btu's of natural gas and 011 annually (UeS@
DOE, 19 i, cited in M lelland, 1983, p@ 4). AllocatIon may be the only
effective way to realize behavior-related savings in this sector; tenant
education and RUBS bill ing have been found to be far less effective
(McClel land, 1980, pe 45 and McClelland, 1983, pe )$ Second, al location is

iy preferable to install ing IndivIdual heating systems in each unft~ In
recent a major i toward electric heating in new multifami Iy bui Id-
ings has occurred (U@S@ D.O ., 1985, pgo 9) motivated largely by owners'
des Ire make tenants direct Iy respons i bIe for heat Jng costs e At the same
time, retrofit installatton of individual heating systems in existing
centrally heated buildings has begun to occur in a number of cIties. Often the
heat i ng systems chosen are e Iectr Jc res i stance un its wfth h fgh operat Ing
costs; Jn Ch i cago such systems have made some bu tid fngs unrentab Ie (Bas Ier,
1983)@ Even if fuel-fired systems were instal led, they probably would not be
as efficient or as wei I maintained as a large central system~ Finally, a good
a I Iocat i on system d i v fdes energy costs ina way more tru Iy ref Iect fve of
actual consumption than divIding costs based on apartment size, which Is the
method Impl left in InclUding energy costs In the rente

There are" however, at least two publ ic pol icy concerns relating to
heating cost al location~ The first is the posstbll tty that In transferring the
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energy b i I I s to the tenant, heat i ng cost a I Iocat Ion removes the bu II d fn9
owner's IncentIve to make his/her buildIng energy effJcfente The second Is the
equltabtllty wIth which these systems allocate energy costs on the basis of
use. Th ts turns out to be a rather comp Iex issue that goes far beyond the
question of equIpment accuracy, as wit I be discussed later.

In Europe over 40 mill Jon energy monitors are in use (McClelland, 1983).
The guldel inas of the European Community councIl demand means to allow the
allocatIon of energy costs according to use and many governments view indI
vidual al location favorably (Goettl Jng and Zaworskt, 1983)@ The Federal
Republ Ie of Germany actually requires it (Goettl Ing and Kuppler, 1981).

In the U.S., we estimate based on contacts wIth manufacturers that per
haps at most a quarter mi II ion a II ocat Jon dey i cas are tn use (see a Iso
Goettl tng and Zaworski, 1983). The greatest concentration by far Is In
Colorado, where one manufacturer estimates that 50% of Denver apartments are
"Individual Iy metered"~ln 1983, McClellandldentffJed 24 companies sell ing
allocation devices; 12 of these and 5 others responded to telephone Inquiries
made by the authors in 1984. Nearly all of these companies are rather small,
the large metering and heating systems control companies not having entered
the market@ Virtually no U9S@ states or cities currently have legislation or
regulations deal ing specifIcally wi heating cost allocation, though some may
consider it to fall under regulations prohibiting submetering (McClelland,
1983, p@ 82, 83, McClelland, 1980, Vol@ II, s@ 5-7). One exceptIon Is a
br statement of no objection by the Colorado Public Utilities Commission
(Decision No@ 080-1828, Case No@ 5321)@ There Is also a dearth of case lawe
As of this writing, however, an HCA dl ibutor is suing the City of Seattle b

which issued stop orders to prevent him from sel ling HCA devices or using the
ones a Iready In pIace for a I Iocat ion, c Ia 1m i og that they were "commerc Ja I
measurement devices" and had to meet uti I ity meter accuracy standards. A
df Ibutor In Michigan is seeking a declaratory rul ing from the Michigan
Publ Ie II ttles Commission.

It is I ikely that heating cost allocation will become more prevalent in
U@S@ as energy costs and rental property operating costs increase, and it

is also I Jkely that I ltfgation over the issue wit I Jncreasee It appears that a
tonal standards-setting effort, coordinated by the various national stand

ards, heating, energy Institutions (eege; NBS, ASHRAE, DOE) would be
preferable to est I Jshing practices through I ftigatlon@ This paper suggests
some areas be addressed by such standards@

E SAY I E HI

In 1983, McClelland documented median savings of 14% of total annual gas
In 50 buildings in San Diego, Colorado, and a scatterIng of other
tons converted from owner-paid to tenant-paid space and water heating (pe
30)@ In order to find out more about the energy savings and economics of

i allocation in cold climates, the Minneapolis Energy Office
Jnltt a study funded by Mlnnegasco, the local gas utll tty. The office made

wI owners of 41 buildings in Minnesota converted to HCA which were
ified by local HCA dlstrfbutors$ (This probably represents most of the

HCA bull dings 1n Mfnnesota at that time) $ Fifteen owners represent Jng 39
II dings were surveyed to determ Jne whethe.r they had made other conservat Jon

Improvements that might Interfere with analysis as well as to explore their
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level of s'atisfactlon and other issues. Twenty five of the buildings had
enough pre and post retrofit data for ImmedIate analysis, and nine of these
had made no other signIficant improvements during the analysis periodo All
nine were low rise bu i Idings wJth hot water mu Itt zone heat i ng systems. The
change Jn energy use was determ tned us tog the Pr i nceton Scorekeep log Method
(PRISM) (Fels, 1985)$ These buildings showed a mean reduction in total weather
normal ized gas consumption (NAC) of 16% the first year after HCA Installatton
(table I), and an additional 5.5% the second year (total=20~6%), although the
date of our survey was such that we are not sure that al I of these buildings
did nQ other retrofits in the second year after implementation of HCA.

The particular systems installed were relatively Inexpensive ones, with
an average cost of about $90 per apartment (table I). The dollar savings can
be looked at two ways~ From the owner's point of view, the savings are poten
tIal Iy the entIr~ pre-retrofit gas bil I, which s/he no longer pays$ This gIves
very dramat Jc paybacks on the order of two to four months. From an energy
conservation perspective, the savings are equal to the change tn the gas bll 10
This gives an average payback of I 1/2 years, which is very attractive when
compared with many other conservation retrofits, although some, I ike outdoor
resets (Hewett and Peterson, 1984) or low flow showerheads probably perform as
well or better~ If the owner were tn fact to transfer the entire energy btl I
to the tenant without a concomitant rent reduction, the increase In the
tenant's tota I hous I n9 cost wou I d be substant i a I: for the nine bu i I dIngs
anal yzed, the post-retrof it energy cost per apartment averaged $420/year or
$35 per month (table I)~ This is not comparable to recent rent increases in
Minneapol is, which have typically been less than $15 per year, so most owners
in this area reduced the rent at least somewhat before passing on the heating

~ In some other urban areas, though, a $35 total rent increase would be
feasible~

An a Iternat i ve econom fc ana Iys is was made to determ i ne the 'mpact on
I average tenant costs if the buIlding owner adjusted rents with the goal

retaining for him/herself a one year payback$ For this group of 9 buildings
we estimated that a 2407% reduction in pre-retrofit energy costs would give
the owner a 95% confidence of achievIng a one year payback; or stated another

owner cou Id reduce rents by an amount equa I to 75 $3% of the pre
..... _.,~_,."'4 it bill at the t lme that HCA commences and sti II have a 95%

idence a one payback@ The cost of the bill ing service, estimated
$I~ »be from this rent reduction@
th ts with th is type of meter i ng equ' pment, the owner

could secure a one whIle only increasing total tenant costs by an
average of about per month, wh ich wou I d be comparab I e to recent rent
increases wi in the City of Minneapol iSe

owners gave for install ing HCA systems ranged from the general
desire to energy bil Is or get them out of the rent to the specific inten
tion stopping what they saw as tenant abuses of open wIndows, neglect or

@ Eight of the fifteen owners fe It the t r bil Is for the bu i Idings were
unusually high before HCA was instal lade Only five owners reported some modest

when the system was first instal led and none reported any long term
increase in turnover~ Two reported some increase in the length or number of
vacancies, although one of these felt it was due to the concurrent change from
month-to-month rental to year leases@ One other owner noted that some people
who inquire about his apartments are not interested once they find they have
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to pay for heat~ Of the fifteen owners surveyed, nine were very satisfied,
five were fairly satisifed, and one had not had the system long enough to be
sure@ Two other owners interviewed briefly had had the systems instal led but
had never used them, and a third we were told about by a distributor instal Jed
the equipment in a low income building and discontinued using it when he was
unable to collect the bills. Twelve owners said they would implement HCA in
another building and would recommend it to others, although one cited the need
for more tenant publ ic relations and another the importance of the base charge
(d j scussed Iatar) for equ i tab Ie b i I ling $ Among the other three owners, one
said it would depend on the building, one said he would not do it in a
building with an establ ished cl ientele and one did not yet have an opinion at
that tlme@

Tenants' response was not as favorable@ Five owners said tenant reaction
was good or very good and four saId they were agreeable to it or went along
wIth it@ Two of the latter mentioned that they had lowered rents or
significantly delayed rent fncreasese One reported "varied" reaction and five
said that there was some apprehension or opposition at fJrst@ Tenants were not
surveyed direct Iy both log J st i ca I reasons and because the most d1ssat-
isfied would already have I skewing the resultse

The Minneapol is Energy Office initially began investIgating heating cost
ion in response to a by a local distributor to finance

various energy conservation loan and grant programs$ A
r i was devel In 1984 but not implemented due to the

in the measure local property owners~

I I Y no U~ S@ I eg I s at ion $ regu I at ions or case law cou Id be
, and since the countries have a great deal more experience In

the Office has sought to co! lect European standards In an effort to
I icy~ s or standards have been obtained from

# itzerland~ 1a and Greece, and at this date the first
of these have been translated~ Sweden, Norway; the United Kingdom; the

Netherlands and have i us they do not have national stand-
ards for HCA@

Our review existing standards and our own work indicate that five
distinct areas must be addressed in i standards that protect tenants
and the I Ie i These are:

,@ Building energy codes@
2~ Equipment and installation@
3~ AI location of non-metered usese
4~ Disclosure and tenant education@
5~ Bfl I ing and meter readrng~

While there may be a natural tendency to focus on equipment accuracy, we
to demonstrate that al I five Issues are Important@
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BUilDING ENERGY CODES

It has been documented (Mcelel land, 1983) that owners of tenant metered
bu i I d Jngs nlake fewer energy conservat ion improvements than owners of master
metered buildings" although they still make some (pg. 48, 49). McClelland
concluded on the basis of sensitivity analyses that tenant metered buildings
were nevertheless I ikely to remain more energy efficient than master metered
buildings over 10 and 20 year time horizons (P* 81)~ Metering companies say
that tenants comp I a tn voe i ferous I y about energy i nef fie i enc i es they observe
once they are pay i nfj the b i I I, thus keep i ng pressure on owners to make
improvements~ In fact, some metering companies stress their opinion that
buildings that are inefficient or in poor condition are poor candidates for
HCA. This may not be an area that governments want to leave to the mechanics
of the marketplace, since some of the possible outcomes are high total housing
costs and/or abandonment of housing that is unrentable due to high costs~ The
German HCA standards (DIN 4713 Part 1:2) expl Jeitfy require the heating and
water heat i ng p Iant to sat i sfy the requ i rements of the i r energy sav i ng law
pr i or to imp 1ementat i on of HCA ~ The other countr i es do not i nc Iude energy
efficiency in their al location regulations, but at this writi we do not know
if such standards are present in separate laws or regulations~ In Minneapol is
the Rental Energy Standards (Housing Maintenance Code Sec~ 244~680) provide
some leverage over rental housing efficiencye Inspections normally occur only
upon tenant complaint, but could be automatically tri whenever a permit
for instal latJon of an HCA ;s lied for@

E IP NT A ON

This part of the standards deals primarily with hardware issues" while
the last three portions deal with accounti and bil ling procedures0

General Proylslons

Certain general provisions seem obvious 9 such as:

1~ that al location devices must be instal led in al I apartments and al I
apartments must for use on the same basis (see JOE Art
I 12) ,

2~ that allocation devices must be instal Jed on all heating elements
and al I al location devices must be of the same model, and

3 ~ that they may be i nsta I Ied on Iyin apartments in wh i ch the tenant
has control of the heat by means of a functional thermostat or valve
(see DIN 4713 Part 3:1)~

al I three issues have arisen in the Seattle case (letter of Walter
Tank, Seattle Department of Licenses and Consumer AffaIrs, to Richard
Oberhausen, Monetech" September 9, 1985, and forro letter from Licenses and
Consumer Affairs to apartment owners), and energy auditing experience clearly
demonstrates that non-functional controls are a common problem" Thus these
provisions should be made expl icit~
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Allowable Types of Heating Cost Allocation Equipment, Measurement Accuracy.
aDd Related Issues

Types of mon i tor i ng equ i pment are discussed by Goett ling and Zaworsk i
(1983) and IREM (1981). Only 5 common types are described here~ Four of these
are the actual types of equIpment being sold by manufacturers we contacted.
The fifth is a type commonly included in the European standards.

Time MeteC5G Time meters are probably the most common type of HCA equip
ment currently being sold in the U@S. These do not actually measure the amount
of heat del ivered; but rather provide an estimate by recording the number of
hours the thermostat cal Is for heat or the number of hours the zone valve Is
open ~ Time meter t ng systems cost $80 to $150 per apartment, i nsta I led. The
heat given off finned tube radiation is very strongly dependent on the
water temperature, and less so on flow rate <fl 1)$ Figure 2 Illustrates
the percent difference in heat received (Stu output per I ineal foot) by two
apartments with zone valves the same time; if there is a
100F or a d if Jn the in Iat water to the two apart-
ments ~ Ie, if an apartrrlent near the bo i Ier is receJ v i ng water at an
average 1700F; and an apartment further away is receiving it at
1 the in heat del ivered unIt time is about 12%@ The error
increases the Iy water With outdoor reset control
the Iy be as and the relative errors

i te I seasona I fon of heat de I rvered at
these low sma I I @ in actua I heat de I f very
caused not be detected by a time
meteri been to locate data on typical
dlf in inlet water from one to another within a
buildi , so we cannot how sl ifi this problem really Js~ It should
be noted that with reset water temperature also varies from time to
time, so that Ids that have their up more often in the
eveni 1 would receive a higher water temperature than
those duri i being equal$ Thus, although
a time based measure tIme vii hi precision, it is clearly

Ise to it heat flow wi comparable accuracy~

standards we have ined do not discuss time
have not determined are not al lowed In

countries or are not soid due to a I imited number of heating systems
with electric zone valves or

If U~S'" jurisdictions ide that errors due to variations in water
supply and flow are not serious, there are stil I other issues to
address to insure reasonab Ie est irnates \) The amount of heat represented

an hour of time on the meter is Iy dependent on the length of the
finned radiation in each (as wei I as the type; if this varies
within a Ild!)'1 it is imperative that the billIng system correct for
this0 A consideration is that the thermostat may be cal I ing for heat
but the zone valve be stuck closed; in which case no heat is actually
bel del i which record time only when the thermostat is cal ling

a temperature sensor verifies flow of hot water are avai lable and
el imlnate this lem0
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-=----..oI~~....JIl'II'O'§ Btu meters (or therrna I rneters) are much more expens 1va than
time meters ($350 to $500 per apartment), but actually determine the amount of
~ delivered to each apartment by measuring mass flow and Inlet and outlet
temperaturese In terms of engineering principles, they are potentially more
accurate than time meters@ Many Btu metering companies we contacted did not
supply accuracy data for their meters; figure 3 shows accuracy data for the
three that did. They al I indicate the general trend of decreasing accuracy for
decreasing temperature drop~ According to an individual at the Institute for
Boiler Research; the typical temperature drop around an lndividual apartment
loop is on the order of 50 F@ Two of the metering companies do not even give
accuracies for this low of a temperature difference, and the third shows the
error ;ncreas i ng very rap i d Iyin th is range of differences@ A
study by Guinn and Humrner (1982) found errors rangi frolTl I to 30% with
temperature differences from 100 to 10QoF in a sample Btu meters due to
prob Iems with temperature and f low sensors and poor qua I i contro I f) They
cone Iuded that Btu meters shou Id be tested for operat ion and reasonab Ie
accuracy before installation, somethi that the leal multifamily building
owner is unable to dOe In practice, then, many Btu meters relatively poor
accurac j es at the sma I I temperature d I f common across a baseboard
loop, so they may not be signiffcantly more accurate than time meters 0 Btu
meters generally are too expensive for 0wners to consider in
any casell<

Therma I meters are d 1scussed in the , i 55 and 0 IML standards @

OIML sets standards for issible errors in several different temperature
difference ranges three classes of meters (01 2 3~ 3~3)~ The Swiss
standards rnake c Iear that therma I meters used to d i v i a centra I b f I I into
shares must have a max imum error of 8% at T Iess than ;DOC, wh i Ie meters
used for bi I J ing heat di Iy (e~g~, in district heating)" rnust have a
maximum error of 5%, although standards are relaxed 2% for low flow
ratesG (Article 4)@ The German standards state I icitly that heat meters
must be selected based on data on flow and temperature drops
(DIN 4713 Part 4:3112), so that conditions I Ie within accurate operating
range of the meter; and this is impl led in the iss and OIML standards~ The
Swiss standards C4@I(7) also state that the instrument must be incapable of
recordi heat energy when there Is no ill Jd flow~

~~~~~~~~ttY~~~~~tf»~~~~~~~~-@ Electronic that estimate heat use
based on measurements of temperature but not flow have recently been developed
energetically in Europe and are also being manufactured by a few U$S0
companJes@ Some of these measure the radiator supply and return temperature
to calculate mean radiator temperature; and combIne this with the ambient room
temperature to estiITiate heat flow rates" while some atternpt to place a single
sensor so that the approximate mean radiator temperature is measured directly
(Goettl ing and Kuppler, 1981)~ Others are simpl ified even further by assuming
the room temperature rather than measuring it$ At least two U.S~ companies are
making the latter type b while a third Is making one which measures the differ
ence in air temperature above and below the fin tubfnge These systems improve
on the accuracy of time meters but cost less than Btu meters ($200 to 400 per
apartment)@ They take the water temperature Into account, which time meters
cannot, without requiring the measurement of a smal I temperature difference as
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Btu meters do. In this, paper these are referred to as time-plus-temperature
systems.

For th is type of equ Jpment:p Germany requ Jres the standard dev tat fon of
measurement values measured on 100 sensor elements or sensor pairs under the
same temperature cond It Jons to be not more than 2% (D IN 4714 Part 3:3. I e I ) •
France requires that the overall Integrating factor (counts per unIt of
energy) for each monitor not devIate from its nominal value by more than 8%
over the operatIng range.

The fact that temperature Is measured wIth precisIon does not guarantee
an accurate estImate of heat del Jvered. The method of converting the measure
ment to a consumptIon estimate, whether electronically within the Instrument
or externally, is critical. Germany requIres a calculation factor for the size
of the radiator (heating element) (DIN 4713 Part 3:4.1), to be determined from
tabulated values, and for the type of radiator (DIN 4713 Part 3:4.2), to be
determIned by empirical measurement of the HCA device's electrical output on
the radiator befng evaluated compared to that on the standard radiator. If the
HCA device does not measure ambient temperature, a calculatIon factor must
also be Introduced for those rooms with design temperature different from 20°C
(DIN 4713 Part 3:4.3)@ Further corrections must also be made for unusual types
of connectIon (DIN 4713 ·Part 3:4.4). France also incorporates correctIons for
the size and type of rad fator , by requ f r fn9 that the" mon I tored temperature
difference be converted to a calculated thermal output startIng from tabulated
laboratory values for the output of each specific size and type of radIator at
~ T =600C (JOS Art 2)@

Both countries also specIfy certain types of systems on which these
lcular HCA devices may not be used@ For example, France allows them only

on heating elements wIth fixed geometry and no forced convection of ambient
air (JOS Art 10). They also specIfy the placement of the sensor on the heating
element COIN 4713 Part 3:3.2,4714 Part 3:7, JOS Art II). Major varIatIons In
sensor Iocat Jon have been an Jssue tn the Seatt Ie case e It Jsci ear that
regulatIons that set hIgh standards for sensor or processor accuracy without
addressIng such issues as corrections for radiator sIze, allowable appl Jca
tlons, and sensor location are missIng the mark.

~~UULJ~~~~~Bg~~~e An entirely dIfferent allocation approach
is monitor the ambJent temperature or comfort level of the apartmentG This
approach is based on equal cost for equal comfort" rather than "equal cost
for a I energy use", and gets around some of the d Jff feu I t measurement
problems as wei I as reducing some of the problems (discussed later) caused by
varIations In energy use due to exposure of the unIt to wind or sun, proximity
to and therefore unpa Jd heat ga in f rom the bo J Ier room, etc. Some such
monItoring systems measure the apartment space temperature at a representatIve
Iocat i on and integrate it over time, wh' Ie others measure the thermostat
sett tng, not the actua I space temperature (Goett I 'ng and Kupp Ier, 1981) •
Germany does not a I low amb Iant temperature based systems (Goett I 'n9 and
Kuppler, 1981), but france does (see JOA). There the temperature measurement
is converted to an energy consumption estimate usIng the volume of the room

a volumetric heat loss coeffIcient (JOA Art 2), the latter factor servIng
make the measurement somewhat more an approx Imat i on of energy use Ieve I

pure comfort Ieve I @ The on Iy U@ S~ system we are current Iy aware of
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measures the setpolnt temperature, not the space temperature@ In a wei I main
ta fned system these 'II J I I be the same, but there are a number of s Ituat Jons
that could cause this not to be the case.

EyapQrat Jye Mon ltors. The f I na I type of man Itor i ng dey Ice's based on
evaporatton of liquid from a vial attached to the radiator. Since this system
Is not In widespread use In the U.So, It wll I not be discussed, except to note
that both Germany (D I N 4713 Part 3, 4714 Part 2) and France (JOE) have
developed detailed standards to help insure that heat usage is approximated
equttablye

.Accuracy In the Seattle Case.Accuracy has been a major issue In the
Seattle court case (Monetech, Inc.~ at. al. vs The City of Seattle, at. ale,
King County Cause No o 85-2-15555-6). The City of Seattle Initially asserted
that "the use of a metering system to establ ish a bil I ing is a function of the
We Jghts and Measures Sect i on of the Department of Licenses and Consumer
Affairs", and further that a "device"s@used in commercial trade is accurate in
the range of one-tenth of one percent (. 1%) or better" (I etter f rom Reg rna
Tyner, Seattle Department of Construction and Land Use, to Richard Oberhausen,
Monetech, r I I 25, 1985 ). Later they set an Inter i m standard of 2% , s fnee
th is is a common accuracy requ Jrament for ut JI i ty meters (I etter from Katy
Chaney and Tyner to Oberhausen, June 10, 1985)@ These accuracy standards are
clearly much stricter than the international (OIML) standards for heat meters
or the European standards for various al location devicese It is not clear that
such str ict standards wou Id be fn the pub I i c interest, s inee they tend to
obviate against at location systems that could almost certainly be more equtt
ab Ie than the ex i st i n9 f I at rate charges and in favor of eventua I movement
toward individual heating systems (or building abandonment)@ In the absence of
case law p a number of metering manufacturers and developers have asserted that
tenant al location practices wll I be governed not by util tty law, but by land-
lord-tenant Iaw ~ Wh i Ie the former requ Jres h tgh standards of accuracy, the
latter requires only that the landlord be reasonable in what he does and that
he Ia into the tenant in advance how his costs wJ I I be determ Jned ~ It
remains to be seen whether future litigation wit I bear out this clalm~

~~~~~~I.-.l~~~+@ Another cons i derat ion bears on the issue of
a I Iocat i on ~ The I em I s not s imp I y a matter of accuratel y

measur i ng heat de livered by the heat i ng e Iaments * In apartment bu f IdIngs, a
certa in amount of heat will a Iways be de I Jvered by J nd irect transfer paths
other than the distribution system, for example, heat transferred through the
wall from the bol tar room to adjacent apartments, and warm air rising from
lower apartments to higher ones$ These heat flows cannot be measured readily,
so accurately measuring the heat del tvered by the distrIbution system alone
does not guarantee a perfect a I Iocat ion. The oletered energy used by each
apartment wil i also vary depending on exposure to wind, sun and stack effects,

Iter i ng by the earth in garden Ieve I apartments, etc Pj There J5 a ph f 1
osophtcal question of whether there should be equal cost for equal comfort or
aqua I cost for equa I energy use 0 A somewhat ana I ogous s i tuat Ion ar Jsas fn
duplexes with separate meters and heatIng plants~ Here each household quIte
common Iy pays for energy used by Jts furnace or bo i Ier $l even though It Js
clear that with infiltration predominating at lower levels and exfiltratfon at
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upper levels, a significant amount of heat transfer from the lower to upper
apartment occurs. Nevertheless, in multlfamf Iy bui Idings metering companies
have tended to make qua I 'tat Ive I y determ I ned adjustments in bill s based on
obvious spatial patterns of use. (Much can be learned about this by monitoring
for a few months before beginning bil I Ing)o France evidently agrees with this
approach" allowIng up to a 30% correction for unfavorable situations or
conf Igurat ions (JOE Art 13 11 JOS Art 12). In th Js context a 2% measurement
accuracy seems Jncongruous (; Wh i Ie accuracy standards are a va Iuab Ie part of
overall HCA regulation, it is necessary to consider them wIthIn the framework
of a concept of UequJtablllty" which covers a host of other issues dIscussed
later.

Other Equlp~nt Issues. A variety of other provisions related to equip
ment are needed. A key one Is tamperprooflng. In the buildings involved in the
Seattle case, many tenants simply disconnected the temperature sensors or cut
the wires. The German and French standards both require secure sensor attach
ment (e.g. DIN 4713 Part 3:3.1) and require seals or other protection on the
equipment so that any interventions can be detectede for this to be effective,
It must be that tenants who do tamper with the equIpment pay some sIgnificant
penalty, or else the savings In energy costs would encourage tampering, but we
currently have no details on thise

Other provisions in the European standards cover susceptfbil tty to
f Iuctuat ions in power supp Iy vol tage or frequency, electromagnet Jc f Je Ids,
ambIent humIdIty and temperature, etceConstructlon qual fty and maintenance
schedules are also regulated@ A I ist of key provisions with citatIons to the
European standards Is given in table I Ie

All TION OF NO TERED USES

A signIficant fraction of the total fuel energy del Jvered to a buildIng
ends up somewhere other than In the heating distributIon systems of indIvidual
apartmentse In Minneapol's but Idlngs, for example, about 25 to 30% of the
total natural gas consumed on an annual basis is used for domestIc hot water,
and another 5$ for stovese Of the remaining 60 to 65% which is used by the
boller, about two fifths is lost up the flue or from the jacket, so that the
useful heat produced by the space heating system is somewhere around 40% of

I gas blll@ this perhaps as much as a tenth to a fifth goes to
heat common areas@ Thus it is certainly not justifiable to divide the total
gas bJI I or even the total space heating bll I based on metered hours, yet some
bi Illng systems provided by HCA firms do just this. As an example of the
prob Iems th is can cause, cons Jdar ami I d fa I I month in wh i ch the heat tn9
system is on, but only two or three of the tenants cal I for a few hours of
heat@ These tenants wit I receive the total gas btl I under such a system.

A fair and reasonable bfl I ing system should probably divide the bit I Into
three components:

10 Domestic hot water use@ If this use Is not actually measured
separate Iy for each apartment, It shou Id be a I located on a per
occupant basis, or as a second cholce D on a per square foot basJs.
Whi Ie per occupant allocation is more real'stle, fluctuations In
tenant population make it more dlfficult@

2@151
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2$ Base use (for boiler losses, common area heating and miscellaneous
uses)e This should be al located on a per square foot basis.

30 Apartment heating usee This should include the actual heat delivered
to the apartments0

Figure 4 demonstrates the prob I em and shows how a reasonab I e b i I I Jng
system creates more equitable allocation. Consider for example building TENe
Over a one year pertod, the median number of meter hours registered by the 16
apartments In th is bu' I ding was 998. However, the apartment wtth the most
metered hours experienced 2259, while the one with the least experienced only
59. Itt s un like Iy that th Is 39 to 1 spread ref Iects the true dIfference Jn
use of these two tenantso This metering company uses the following simple
billIng system: half of each winter gas bill and all of each summer bIll is
cons Jdered to be base use (f nc Iud rng both components 1 and 2 from the list
above) and ts d Iv i ded among the apartments on a ,per square foot bas Is. The
other half is the heating charge and Is divided based on metered hourse Using
this btll ing system, the total spread in billed use is from $568 to $218 per
year b a 2.6 to I variation. This Is a reasonable range of variation in energy
use to expect for various units withIn a buildIng. The other examples shown in
figure 4 are not as dramatic, but Illustrate the same point.

Three Ieve I s of determ i n Jng the d i vis Ion of the b I I I into the three
components could be consldered@ The first would be to simply require billing
systems to make a reasonable and fair estimate of the three components 0 The
second would be to require some central ized metering of the three components@

. For example, all systems could be requIred to separately meter the total gas
use for domestic hot water b either with an hour meter, a gas meter, or In the
case of domestic hot water heated by the main boiler, a Btu meter@ One reason
for requiring metering of domestic hot water use in Minneapol is is that this
use is highly seasonal, owing to the wide swing in water supply temperature
over the year (figure 5)~ Thus estimatIng domestic use year round based on
summer use Js Inaccurate ~ Btu based or t Ime-and-temperature based systems
determine the approximate apartment heating use directly, and could calculate
base use as equal to total use minus DHW use minus apartment heating uselBl
Systems based on time only would have to estimate the dIvision between base
use and apartment heating use, but guidel inas for doing this could be

Iished@ third, most extreme, level of accuracy would be to require
Btu's for both space heat i ng and domest fc hot water to be metered at the
apartment levale Since most existing U@S~ apartment buildings are plumbed with
several domestic hot water supply I tnes into each apartment, this system would
be prohibitively expensIve with current monitoring equipment costsG

The German standards address procedures for a I Iocat i on of nonmetered
uses~ For combined central heating and water heating plants, the cost for
water heatIng must be separated (DIN 4713 Part 5, 2~5)e The energy use can be
estimated based on the volume of water heated and the type of fuel, usIng a

Ie in the regulations, or If the volume cannot be measured, by assuming 18%
of fuel use is for domestic hot watere It Is not clear how this water heating
bill Is then divided among the tenants. The standards also require that part

the heating costs be divided according to area, but they do not specIfy the
fraction (DIN 4713 Part 5:3)@ The French standards do not discuss this issue,
but their HCA systems are clearly set up to estimate heat use, not merely
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subdIvide a central bill@ Thus the measurements from al I devices should pre
sumabl y tota I to much Iess than the ant rre fue I bJII, with the rest to be
charged to tenants in some other way. I n Austr Ia, the most common Iy used
regulation is ".eoa key which dIstributes 40% of the costs with respect to the
housing area percentage and 60% with respect to the measured heat consumatlon
(sIc) ••• " (letter from Dr. B. Zluwa, Bundesmlnistertum Sekton Y (Energle) to
Helen Emslander, Mlnneapol Is Energy Offlce)e

DISC10SURE AN> TENANT EDUCATION

If owners or mon itor i ng compan res are not a I lowed or do not choose to
make adjustments in the bil Is based on variations In heating load from apart
ment to apartment, then there may be some sIgnIficant variations in tenants'
energy costs. In these circumstances In particular, a provlsJon that requires
the owner to disclose the energy costs for a particular apartment at the tIme
of rental gIves tenants some very desIrable protection. ThIs would probably
encourage some variations in the base rent to offset the variations In energy
cost @ The requ Ired disc losure cou Idine Iude the prev Jous 12 months f energy
expense for the apartment, the hIghest single month's energy expense for the
apartment out of the last 12 (especially If budget bill fng Is not required)
and the highest and lowest total energy expense for the previous 12 months for
apartments of comparable size in the buildJng~

Pr i or to the ava t Iab f I fty of 12 months of data the owner cou I d be
requ Jred to prov i de a reasonab Ie est i mate the above items based on the
tota I bill for the bu j Id Jng and the meter 1ng company's exper tence regard Jng
vart Ions In use depending on apartment size, location and orientation. These
estimates should also be provided to the existing tenants at the time of
implementatJon~

The owner should also be required to provide to all tenants at the time
of Implementation and to al I new tenants Information on how the HCA system

how reduce their energy expenses, and how to identify system
problems might cause them to be overbil lade

~TER READ I NG AN) III NG

A common fs Jon state ut iIi regu Iat Ions requ Jres that when
al Ity or gas is submetered, the building owner may not make a profIt on
i resale, which should also be the case for HCAe

A further Issue to consider is whether owners should be required to offer
tenants budget b i I I i n9, or shou Id be a I lowed to pass each month's b i I I
directly on to the tenant~ Figure 6 shows the range in monthly bil Is for our
sample bui Idfngs if budget bi II ing were not usedQl The typical midwinter
bill Is in the $50 to $100 range, but some are as high as $140. Summer bil Is
are about $5 to $15@ While some btl I Jng companIes feel that budget bil ling Is

compl leated due to tenant turnover, others fInd that It Is not a problem
or even recommend that It be used9 At least in Minnesota, multIfamIly buIlding
owners can race I ve budget b t II i n9 themse Jves from the gas company so they
wou Id not have to tol erate an i rregu Iar cashf low to prov fde tenants wlth
budget bJ II i ng@ It shou Id be noted that the typ lea I renter has an annua I
income about half as large as the typical homeowner (U~S@ DOE, 1985, p~ 12),
so that budget bll I fng would seem to be a desireable pol Icy requtrement@
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Provls'Jons for the frequency of readings (including readings when tenants
move out and In) and required contents of the btl I should also be Included.

OOfC..USIONS

Heating cost allocation can result In signIficant energy savings In the
mu It i fam II y hous i n9 sector by mak i ng bu·' I dIng occupants f Jnanc fa II y respon
sible for their energy lifestyle. HCA systems can playa role tn containing
but Iding owners' costs and protectIng the housing supply whf Ie mitigating
against mass conversion to Individual heating systems. Standards are needed to
protect tenants from owners' lack of motivation to maintain energy efficiency
after implementation and from the many possibil itles for Inequitable alloca
t fon of costs e These standards shou I d address: I) bu il d 'n9 energy codes, 2)
equipment and Installation, 3) allocation of non-metered uses, 4) disclosure
and tenanteducat Jon and 5) meter read fn9 and b i I I rng It All f Jva components
are necessary to assure an equitable systeme All except (2) are reasonably
stra Jghtforward to draft; equ i pment and Jnsta I I at Ion standards are concept
ually straightforward but practically speaking nontrivial to establ Ish and to
develop testing procedures for.

A national effort Is needed to develop such standards using central ized
resources so that individual jurIsdictions do not have ,to struggle with the
Issue one by one@ In the meantime standards whIch address the above five
Issues, even If somewhat bare of technical details, can provide a framework
for InteractIon between governments and businesses which sel I HCA equfpment@
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Ta.ble t for nine in which tenant metering systems were installed..

i. Energy use, sivingS, cOih ind payback.

PRE POST BUILDIM6 PRE POST CHAN6E "ETER
BLDG ~AC 1 t4AC CHAM&£ XCHAN6E AREA BTU PER BTU PER BTU PER SYSTEM ACTUAL2 COHPARATIYE3 NlIttBER COST PER DATE EKERBY COSTJAPT
n CCF 8TD ERR CCF STD ERR 1~ ~AC I~ ~AC SO. Fl. SQ. FT. SO. FT. SO. FT. COST FYS,$ PAYBACK FYS,$ PAYBACK OF APTS. APT,t BUILT PRE,$ POST ,$

__________________________________..,___________ 1:10__________________.... ___....__________________&llt ___...._________.....________________________________________________• ____________________________....________

BlR 3520115 30.7 276L9 lU,l 758,6 21,55 5284 67911 53277 14633 500.00 2063.01 0.24 444,54 1.12 4 125.00 1964 515.75 404.62
TEN 121B6.9 41518 10363.1 259.2 1623.2 13.32 10080 120902 104799 16103 1281,50 7141.52 0.18 951,20 1.35 16 80.09 1957 446,35 386.90
ALD 4876.2 46~3 3859.9 106.5 1016.3 20.84 7200 67725 53610 14115 360.00 2857.45 0.13 595.55 0.60 4 90.00 1927 714.36 565.48

ROC1 16863.7 738.0 13566.0 371.0 3~7.1 19.56 26037 64768 52103 12665 2744.30 9882.13 0.28 1932.45 1.42 30 91.48 1975 329.40 264.99
ROC2 13238.1 565.5 11518.6 31916 1720,1 12.99 25854 51206 44552 6653 2294.30 7757.88 0,30 1007.98 2.28 30 76.48 1978 258.60 225.00
ROC3 13972.3 582.6 12505,3 368.9 1467.0 10.50 25854 54043 48369 5674 2294.30 8187.77 0.28 859.66 2.67 30 76.48 1978 272.93 244.27

SKi 18410.8 521.9 16675.3 256.2 173515 9.43 18846 97691 88482 9209 1748.00 10788.73 0.16 1017.00 1.72 19 92.00 1966 567.83 514.30
SK2 6451.9 154.8 5099,8 272.5 1352.1 20.96 7650 84339 66664 17675 460.00 3780.81 0.12 792.33 0.58 5 92.00 1966 756.16 597.70
SK3 5946.7 224,9 4981.1 202.4 965.6 16.24 7650 77735 65U2 12622 460.00 3484.77 0.13 565.84 0,81 5 92.00 1966 696.95 583.78

_______....._________________________________________ ....._____________ OIQIiQ .... _IDD ...____.._...,...,________ C¥l____________...,_______QO_~____......____________________________________________________________________________

HEM 1060115 9059.1 1548.5 16.15 76258 64108 12150 1349.16 6216.01 0.20 907.39 1.39 90.61 506.48 420.78
STD,DEV, 5509.5 4968.7 743.5 4.76 22123 20184 4145 941.19 3228.51 0.07 435.67 0.73 14.58 192.51 151.13

tv
b. PlUSH dahl 4

t-A

BLDG ALPHA ALPHA CHANGE ~CKAN6E BETA BETA CHANGE lCHANSE TAU TAU CHAMSE l.CHAM6E R2 R2 CV CY
lD PRE STn ERR POST STD ERR IN ALPHA I~ ALPHA PRE STD ERR POST SrD ERR IN BETA 1M BETA PRE STD ERR POST STD ERR IN TAU IN TAU PRE POST PRE POST

__________________ 4» _______ ...__________8._________________..__________••___________________ee________ ..... _________ • _____________________6 _________________________ & _______________...__________________________________

BlR 2.5566 0.2567 1.6405 0.7099 -089101 "35.83 0,3424 0.0082 0.2687 0.0306 -0.0737 -21.52 63.13 1.39 65.00 5.20 1.87 2.96 0.9993 0.9741 0.87 4.02
TEN 4.7935 4.0269 4.8012 1.5353 0.0077 0.16 1,0491 0.0653 1.0092 0.0637 -0.0399 -3.BO 71.41 5.22 67.43 2.92 -4.04 -5.65 0.9788 0.9891 3.41 2.45
ALD 4,1631 0.5225 2.8053 0.4614 -1.3584 -32.62 0.4129 0.0091 0.4409 0.0351 0.0280 6~ 78 65.21 1.96 58.59 2.57 -6.68 -10.23 0.9998 0.9914 0.95 2.76

ROCI 12.9000 5.7835 1383059 2.2165 0.4059 3.15 1,3343 0.1271 1.0844 0.1040 "0.2499 -18.73 68.72 7.02 64892 3.99 -3.80 -5.53 0.9780 0.9708 4.38 2.73
ROC2 10.6240 3.7107 9.6303 1.8030 -0.9937 -9.35 1.0552 0.1049 1.0927 0.0941 010375 3.55 67.91 6.70 "2.23 3.32 -5.68 -8.36 0.9853 0.9768 4.27 2.77
ROC3 11.5760 4.3246 12.6403 2.0632 1.0643 9.19 1.0827 0.1058 1.1144 0.1149 0.0317 2.93 68.36 7.16 61.26 3.91 -7.10 -10.39 0.9853 0.9697 4.17 2.95

SKI 9.7895 4.3053 11.4260 1.6652 1.6365 16.72 1.5902 0.0856 1.5386 0.0600 -0.0516 -3.24 69.46 3.86 65.27 1.93 -4.19 -6.03 0.9846 0.9942 2.83 1.54
SK2 4.8164 1.2765 4.5369 1.4249 -0.2795 -5.80 0.5106 0.0254 0.5834 0.0813 0,0728 14.26 69.00 3.55 56.28 4.69 -12,72 -18.43 0.9868 0.9572 2.40 5,34
SK3 5.4055 1.6446 4.3241 1,2354 -1,0814 -20.01 0.4690 0.0391 0,4232 0.0483 -0.0458 -9.77 66.51 5.32 64.96 5.37 -1.55 -2.33 0.9661 0,9533 3.78 4.06

"EM 7.4028
STD.DEV. 3.7943

-0.1683 -8.21 0.8718
1.0392 18.13 0,4504

0~8395

0.4244
-0.0323 -3.28 67,76
0.0957 H.77 2.47

-4.88 "7.11
4.02 5.92

3.01 3.18
1.36 1.12

1. MAC is the total NeathRr-nOflalized annual gas consulption in therss, determined by applying the Princeton Scorekeeping Method (PRISIU (Fels, 1984) to Bonthly gas data. 1 there I: 1 CCF = 100,000 Btu.
2. ftAduaP first year savings were calculated assuming that the owner passes the entire gas bi 11 on to thl tlflint without a rent reduction, so that the owner' s savings are the enUre pre-retrofit gal bi11.
3. ilICoaparative il first year savings Me,e calculated as the change in HAC multiplied by the cost of gas ($.585/therm). This calculation uas aade to allow cOlparison Mith typical energy retrofits, where the

OMner pays the utility bills both before and after.
4. The panHters in the PRISK analysis are discussed in Fels (984). Alpha is the base load use. Beta is the heating response factor (energy use per degree day to reference tMperatur. Tau) and Tau is the

reference or balance point telperatun.



I TYPE OF METERING EQUIPMENT

ALLOCATION BASED ON ELECTRONIC ALLOCATION BASED ON ALLOCATION BASED ON ALLOCATION BASED

PROVISION THERMAL METERS SENSING TEMP OF HEATING ELEMENT AMBIENT TEMPERATURE EVAPORATION ON ON- TIME

1- Definition and opera- OIML2:1/DIN4713 Part 1:3.1, DIN4713 Part 1:3.2.1.,3.2.1.2, JOA Art 1,3,4,5 DIN4713 Part 1:3.2.1,
ting principle Part 4:2.1/S Art 2a, SA 1 Part 3:2/JOS Art 1 3.2.1.1, Part 2:3/

JOE Art 1
2. Operating ranges OIML2:2,3.1/S 2.5,2.6,3.1, DIN47l4 Part 3:2.3

SA 2
3. A110 Wab 1el a. ht gun its DIN4714 Part 3:1/JOS Art 5,10 DIN4713Part2:1/JOE Artl1

Appls. I b.op. condo DIN4713 Part 4:3.3,4,4.1 DIN4713 Part 3:1 JOA Art 12 DIN4713 Part 2:1
4. Accuracy or repeat- OIML2:3.2, 3.3, 4.1.7/ DIN4714 Part 3:3.1/ JOA Art 11 DIN4714 Part 2:2.5, 2.6, Mpls 82

ability DIN4713 Part 4:3/ JOS Art 9 2.7, 3.2, 3.3, 3.5/
SArt 4, 3.2, 4.17, SA Art 5,7 JOE Art 6

5. Susceptibility to OIML2:4.2, 7.2/S 4.2, 7.2 DIN47l3 Pa,'t 3:3.4, 3.6, JOA Art 19.2 DIN4714 Part 2:3.3
disturbances 4714 Part 3:3.3/JOS Art17.4

Q) General DIN4713 Part 3:4, 4.5/JOS Art 2 JOA Art 2,8/Mpls 82 DIN 4713 Part2:2.1,2.2,
~ C'l
c: ro 5.1, 5.6(!.l ~

e c
Q) Q) Size of htg e1em. DIN4713 Part 3-4.l/JOS Art 2/ DIN4713 Part 2:5.2/JOE Mpls 82t.. u
:::::3 t.. Mpls 82 Art 13,14(J) Q)
ro 0..
Q)

t.. Type of htg e1em. DIN4713 Part 3:4.2, 4714 Part 3: DIN4713 Part 2:5.3, 4714e
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Figure 1. Baseboard heat output as a function
of water temperature and flow rate.

Figure 3. Accuracy data provided by Btu meter manufacturers.
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FlO ure 4D Range in annual meter hours and dolars billed

buildings of 8 or more units
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Figure 6.. Range in tenant bills for coldest and warmest months..Figure 50 Seasonality of energy use for domestic hot wa.ter a.nd of
supply temperature
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