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ABSTRACT

The Brookhaven Buildings Energy Conservation Optimization
Model is a linear programming representation of energy use in
buildings. Starting with engineering and economic data on cost
and performance of energy technologies used in buildings, includ-
ing both conversion devices (such as heat pumps) and structural
improvements, the model constructs alternative flows for energy
through the technologies to meet démands for space heating, air
conditioning, thermal applications, and electric lighting and
appliances. Alternative paths have different costs and effi-
ciencies. Within constraints such as total demand for energy
services, retirement of existing buildings, seasonal operation
of certain devices, and others, the model calculates an optimal
configuration of energy technologies in buildings.

The penetration of the various basic technologies within
this configuration is specified in considerable detail, cover-
ing new and retrofit markets for nine building types in four
regions. Each market may choose from several appropriate con-
version devices and four levels each of new and retrofit struc-
tural improvement.

- The principal applications for which the model was designed
include the following: market penetration anaylsis, showing
the role of individual technologies within a system context;'
policy analysis, to show the effect of buildings sector policies
on the technologies in the building stock; analysis of RD&D pro-
grams; analysis of the preferred configuration for sensitivity
to changes in price or other variables; analysis of the effect
of technology implementation rates on overall energy; and the
environmental and supply system effects of buildings energy

conservation.
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1. Introduction

The Brookhaven Buildings Energy Conservation Optimization
Model (BECOM) is deéigned to proVide a tool for projecting,
analyzing, and evaluating the energy implications of conven-
tional and proposed energy-related technologies in buildings.
Starting with detailed cost and performance data for individual
building technologies, the model assembles alternative combin-
ations of these téchnologies within a linear programming frame-
work. Fof any combination of building stocks, fuel prices and
availabilities, and other constraints on technological avail-
ability, BECOM calculates the preferred technological configur-
ation of the buildings sector. Because the basic elements of
the model are specified in terms of technologies, this confi-
guration is expreséed in terms of levels of market penetration
of specific technologies. BECOM is désigned as an extension
of the Brookhaven: Energy Syste& Optimization Model (BESOM).

BESOM is a representation of the Eechnologicai and
economic features of the energy system. It has been used for
detailed analyses of energy resource allocation and technology'

1 BESOM is a linear programming formulation

implementation.
of the Reference Energy System (RES). The RES, shown in

Figure 1, is a specializgd format fdrhrepresenting the detailea
technological structure of the energy system. Solutién of thel
BESOM model yields resource consumption, enerqgy flows through
the RES network, and emissions to air and water.- Efficiency,
cost, and environmental data are suppliéd by the Energy Model

2,3

Data Base. . Each flow through the network nepresentsva procéss




Figure 1. Reference energy system, vear.
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or mix of processes to convert some primary resource into a fuel
to meet some end use. Demand is specified by a specially defined
term - the basic energy demand - which is the amount of energy
required to support an energy-utilizing activity such as space
heat, automotive propulsion, etc., at some nominal level (assum-
ing no changes in equipment operation or user behavior). For a
given basic energy demand, all other levels in a particular
model run of energy flows are characterized as changes in
technical demand efficiency. Basic energy demands are converted
to fuel requirements by adjusting for demand conversion effi-
ciencies, and fuel requirements are converted to primary re-
source demands by adjusting via appropriate supply conversion
efficiencies. This generates the fuel mix and the primary re-
source mix.

Though BESOM contains a detailed representation of the
supply system, it has a highly aggregated representation of
the demand portion of the system. The methodology for extension
of this approach for energy utilization technology has been
described eisewhere4 and is carried oﬁt in detail in the
Buildings Energy Conservation Optimization.Model (BECOM) .
BECOM extends BESOM to provide more end-use detail for resi-
dential and commercial buildings, explicitly modeling 25 energy
conversion technologies and 8 struétural technologies that can
be used by 9 building types in each of 4 regions. The model
covers all energy use in buildings including space heat, air
conditioning, water heating, cooking, and appliance and il-

lumination loads. As a result it is possible to measure in




detail the effects of technical changes in burners, motors, and
other conversion devices* and in structural shells as well as
the effects of governmental programs such as setting standards
for building insulation and appliance efficiency.

BECOM thus allows an explicit and flexible formulation of

the policy variables that the decision maker wishes to analyze.

For a given set of inputs, the linear programming algorithm
implements the lowest-cost technology in a particular market to
the maximum level set by constraints. This decision can be made
on the basis of very small cost differentials between téchnolo—
gies. Thus, -technology implementation levels should be inter-
preted with care. However, this difficulty inherent in linear
programming is mitigated in BECOM by the use -of 72 separate .
building markets, which may be further subdivided by market

share constraints.

2. Structuré of BECOM

2.1. Mathematical Structure

Mathematically.the model is formulated as a modified trans-
portation/traﬁsshipment problem. A transportation problem is
concerned with distributing a commodity from any gfoup of
supply centers (sources) to any group of demand points (deéti—
nations), subjecf to limitatibﬁs imposed by supply, demand,

and other constraints. Each supply point i (i =1, 2, ...,m)

*To simplify the exposition, the set of end-use energy conversion
devices used in buildings by households, government activities,
and commercial enterprises will be called conversion devices.
This includes burners, heat pumps, electric motors, condensers,
light bulbs and other illuminating equipment, blower fans, etc.,



has a supply of Si units to distribute to any destination

j (3 =1, 2, ..., n), each of which has a demand for Dj units
to be received from the sources. Assuming that the cost of-
distributing units from source i to destination j is propor-
tional -to the number of units shipped, the objective is to
meet demands at all destinations at minimum.cost.

The problem then becomes

m n
Minimize 2 = I z Ci’Xi'

=1 =1 J 1]
where 2 is the total distribution cost;-Cij is the cost of
shipping each unit from source.i to -destination j; and Xij is -
the number of units shipped from i to j. Since the total
number of units shipped from source i cannot be greater than
the supply available, and since the demand at each destination

has to be met, the constraints given below are introduced.

Supply constraint:

< S. for 1 =1, 2,..., m

n
r a..X..
=1 lj l] - 1

j

Demand constraint:

I
=
N,
-

o]

m , .
z bi'Xi' = D. for j
i=1 J 1) ]

Also:

- X.. >0 for all i and j.
ij - :

Here, aij and bij are the supply and demand efficiencies,
respectively, for the fuel Xij'
Besides the supply and demand constraints, there are vari-

ous equations which reflect technological realities and market




behavior. These are treated in more detail in Section 2.3.

BESOM is basically a modified transportaﬁion problem
where the Xij's represent the flow of energy (in lO15 Btu)
from a resource to a demand at point of use. Each branch can
be divided into two parts: a supply trajectory describing the
conversion of a resource into an intermediate energy form (such
as elcctricity or distillate oil delivered to the home) and a
- ~~demand trajectéry including all further processes on the-branch.
There are now 27 supply and 22 demand categories. i

The structure of BECOM is similar to that of a trans-
shipment problem, with the agyregate demand points from BESOM
for residential/commercial space heat, air conditioning, water
heating, and appliances serving as sourcés for the transship-
ment.

The .destinations for this problem are the different
buildings markets, each of which requires a certain amount of
energy to provide an acceptable level of comfort or service.
Shipments from sources to déstinations are made through inter-

mediate transfer points or transshipment points, which in this

case are conversion devices and thermal shells.

BESOM
Demand point
0 ——|Cgevice |1 Tsnerr [ type - [—O BECOM
yp Demand point
BECOM

Supply point
Each conversion device is characterized by an efficiency
coefficient representing the efficiency of conversion of the

fuel in the de&ice éhd‘a cbst coefficiént whibﬁ is the annual-




ized capital cost for the device. Devices in existing build-

ings have a cost coefficient of zer¢ since they are already in
place. The thermal shell® is similarly characterized by an
efficiency coeffidient which compares its heat-loss character-
istics with those of a defined reference shell, and by a éost
coefficient which is the annualized capital cost of upgrading
a structure relative to the reference shell. Non-upgraded

buildings and reference new buildings have an. efficiency of

1. Upgraded shells have higher efficiencies. The energy de-
mand in each market can be met by any combination of firing
dévice and thermal shell (represented schematically - in Figures
2 to 7). |

If the model is run as a cost minimizatipn, it selects
those combinations of conversion devices:and thermal integrities
that will satisfy demands in the various markets subjeét to
the limitations imposed By the oﬁher.constraints.

The operation of the modcl may be illustrated by foIlowing
one example in the diagram for residential space heat. 1In the
"fuel" column in Figurée 2 all the BESOM gas.to space heat vari-
ables are gathered in a pool to serve as the gas source for
heating residential and commercial buildings. The gas or other
fuel goes to two demand points: the detailed flow network re-
presenting technologies in buildings in one particular region,

and an aggregated demand representing demand in the other three

*The shell is a level of energy integrity. For space heating
-and air conditiong, the shell corresponds to the building
envelope; for water heating it can be interpreted to be the
pipe and heater insgulation; and for Lhe appliance sector it is
a representation of performance of improved appliance package.



BESOM SPACE-HEAT VARIABLES

TOTAL

TOTAL
RESIDENTIAL
HOUSING
STOCK

FUEL . CONVERSION SHELL
: SF i '
Loi SINGLE FAMILY
BURNER MFi —ei=1,8 o—¥ RETRO i
MO i=1,4
. GAS
=Xi SINGLE FAMILY
= 0 HEAT PUMP —e o~ NEW |
iz5,8
LOW DENSITY
oIL |9  BURNER —e o— RETRO |
ZXi 21,4
LOW DENSITY
IES | —o —» NEW |
o 1=5,8
. COAL
=Xi
- MULT! - FAMILY
RESISTANCE +—e RETRO i
iz1,4
ELECTRICITY MULTI-FAMILY
=Xi HEAT PUMP - —o —» NEW |
2A1 1=5,8
MOBILE HOMES
SOLAR e RETRO i
SOLAR BACK~ UP i=1,4
ZXi
MOBILE HOMES
COLLECTOR —e — NEW i
i=5,8

Figure 2.

BECOM: Structure of residential space heat.
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BESOM SPACE-HEAT VARIABLES
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BESOM AIR-CONDITIONING VARIABLES
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regions. The output thus represents national energy flows to
the buildings sector, with technological detail presented

in one region at a time. The model is run succeséively with
each region represented in detail in turn to develop a full
national projection.

The detailed regional flows go as follows. Each unit of
the new variable representing the total gas to residential
space heat can flow either to a gas heat pump or to a gas
burner. If it flows to a burner, upon coming out of the
burner it is multiplied by the energy-conversion efficiency
of the burner and incurs a cost equal to the annualized capital
cost of the burner if'it~is a new burner, or a zero cost if
it is an old burner. If it flows through the heat pump it is
multiplied by the seasoﬁal performance factor of the heat pump,

and incurs a cost equal to the annualized capital cost of the

heat pump.

From the conversion device, energy may flow to any of 8
levels of thermai integrity for each building type. In Figure
2, from the burner there are 32 possible paths (4 building types
and 8 levels of thermal integrity).

Levels of thermal integrity are represented by 8 thermal
shells for each building type. Shells 1 to 4 represent exist-
ing stock: shell 1 refers to an existing building without
special conservation options and shells 2 to 4 refer to exist-
ing buildings with increasing levels of conservation features.
Similarly, for new buildings, shell 5 refers to a base building

without any special conservation technology options (see

A

- 14 -




Appendix B for building and conservation teéhnology data) .

A flow from the burner to a single family inherited shell
with no additional insulation (shell 1) would be multiplied by
the effidiency'of the shell (1.0) and incur a cost of zero
(since no energyfconserving capital stock has been purchased).

A flow from the burner to an inherited shell retrofitted with
energy-conservation features would have a higher efficiency
and would incur a cost equal to the annualized capital cost of
the conservation technologies implemented in that shell.

The flow from each shell enters the node representing
total housing stock, where it is multiplied by the inverse of
the theoretical load for that building type. This coefficient
converts energy flow to actual numberé of housing units, or,
conversely, it converts right-hand sides for the model, which
are in physiéal units, (housing units in the residential sector
and square feet in the commercial) to energy demands for each
shell.

The air conditioning, thermal applications, and appliances
for both the residential and commercial sectors are modeled in
a similar way. Thermal applications include water heating, cooking
and drying. The appliances category includes refrigeration, power
loads (elevators, escalators, etc.) and miscellaneous electrical
appliances.

2.2. Economic Structure

Flows of energy into the buildings network incur a cost
equal to the price of the relevant energy form. The flow is

allowed to take any of the paths corresponding to a conversion

- 15 -




device and shell combination as long as the total demand and

other constraints described below are met.

When the energy flows through a node of the network (a
conversion or shéll technology), it is multiplied by the ef-
ficiency of that technology and charged the annualized capital
charge for that technology. The optimization makes a lowest-
cost tradeoff to invest just the right amount in cnergy-con-
serving capital stock to improve efficiency to the point at
which the lowest total cost of annualized capital plus the
lowest total fuel cost is achieved.

Capital investments are charged an annual charge which
is found by multiplying the initial investment by a capital
recovery factor to calculate the annual payment required to

retire' the investment in a certain number of years.

i

Capital recovery factor =
1 -1+ i)™

where i is the long-term discount rate and n is the equipment
lifetime in years.

~Different-equipment lifetimes and discount rates are uéed
for residential and commercial markets and for new and retro-
fit technologies. These are input parameters in the model and
can be - easily varied.

The capital charges are applied to incremental investments
from the 1975 base year building stock. That is, equipﬁent
existing in 1975 is not charged for capital cost, but post-1975
retrofits of existing buildings and investment in new construc-
tion are. : This means that the optimized:capital stock derived

in this way represents a preferred investment strategy for the

- 16 -




period 1976 through the case year for which the model is pro-
grammed, on the assumption that decision makers act as - though

the case year prices are maintained from 1976 on.

2.3. Structure of the Equations

BESOM and BECOM are run simultaneously as a cost minimi-
zation problem. The BESOM equations will be described in de-
tail elsewhere.5 They may be classified as follows.

1. Supply equations limit the amount of a given resource
that may be used in the planning year, either in total use or
for a specific purpose. The constraints afe given in terms of
the energy content Qf the primary fuel (minemouth and wellhead)
input to that supply category. For synthetic fuels and pumped
storage, the supply constraint equations represent the energy
content of the synthetic fuel after manufacturing.v

2. Demand equations specify the energy requirements that
must be met in order to satisfy demands from the demand sectors.
They are specified as basic energy aemaﬁds; each basic energy
demand 1is defined as the amount of energy required to support
an energy-utilizing actiVity assuming that the energy could
be used at a reference technical effiéiency (after convefsion).
Basic energy demands are specified for each of the demand
categories.

3. Electrical supply and peaking constraint équatidhg B
limit the electrical generating capacity of plant typés‘agj
well as acéounting for peak electric demands and energy"

balances. The peaking equations are of two types, weekly

and seasoﬁal, and describe!off—peak power availability.




4. Environmental constraints limit emissions of various
types, such as SOX or particulates. However, in most model
runs these constraints are not binding and serve only to sum
up environmental effects.

5. Market penetration equations limit the technology
penetration of markets, and relate to minimum or maximum_levels
of fuel use or permitted capacity of a particular type.

BECOM constraints may be grouped in the following classes.

1. Demand constraints. For each type of demand and
building type, the flow from all shells to final demand must
equal the ?heoretical building load times the building stock

in the year for which consumption is projected..

8 . .
g Xy, =b for all building types k
._. oa,. “jk k
=1 7k
where
a, = theoretical building 1load,
bk = total stock, and
= flow from shell j to building k.

X5k

.. 2. Minimum constraints on residual stock. The optimiza-
tion isﬂconducted for a given year subject to the const;aint
that the number of dwelling units of a éarticular type heated
by gny(giyen fuel,must equal.the number that actually existed

in the base year (1975) minus the removqls'in the period from

the base to the year for which the analysis is performed.

4 . . - .
z l—e.d.x.. = b., for each conversion device i
a, j i“tij ik . - X
J=1 "k - . . and shell j, for each building
. o ‘type k g g
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where
e, ='efficiency of shell j,

b., = total inherited stock (in physical units) of

building type k with conversion device 1i,

a, = theoretical load for building type k,
|
di = fuel adjustment factor for conversion device i,
and
Xij = flow from conversion device i to shell j.

3. Seasonal load balance. In order to ensure that the
heating, air-conditioning, thermal, and appliance loads for
each shell are balanced, an equation exists for each shell

setting this balance.

Xjk - aijk =0 fo; all shells j to building types k
where

Xjk = space-heating flow from shell j to total
building type k,

a, = ratio of space—heating to air-conditioning
load for building type k, and

ij =‘air—conditioning flow from shell j to build-
ing type k.

4., Fuel mix in new construction. The market shares of

0il, gas, electric, and solar heated units are set in these
equations reflecting current construction trends or the results

of housing models.

iy £ for all building

typés'k




a = theoretical -load of building type k,

\ .
di = fuel -adjustment factor,
ej = efficiency of shell j,
Xij = flow from conversion device i to shell j,
P,y = upper limit in percent market penetration
for fuel i in building type k,
iy = lower limit in percent market penetration
for fuel i in building type k,
n, = new construction of building type k, and
i r = number of conversion devices using fuel 1i.

5. Seasonal operation constraints on heat pumps. Elec-

tric and gas heat pumps are constrained to have a ratio of

heating and cooling equal to the ratio of heating/cooling loads

for the relevant shell, building type, and region.

erij - kijij =0 for all heat pumps, for all
shells in each building type
where ‘
Xij = gpace-heating flow from heat pump i to shell j,
Yij = air-conditioning flow from heat pump i to
shell 7,
ej = efficiency of shell j in the heating season,
fj = efficiency of shell j in the cébling season,\'
and |
k = ratio of space-heating to éooling load.

6. Solar back up constraints. These equations require

"that the use of solar energy be accompanied by a certain fraction

- 20 -




of back up from conventional energy sources to provide heating
or cooling when insolation is insufficient. There is an equa-
tion for all new shells in each building type for solar space
he;ting, air conditioning, and water heating. The‘fraction'
of back up varies depending on end use.

ij.= flxsj for allhshells j, for all building
__types, for each end use 1

where ) . .
' ij = flow from backup device to shell j,
ij = flow from solar unit to shell 3, and

Vf = fraction of load provided by backup device.

1 : v

7. Solar AC constraints. These equations ensure that
solar air conditioningAcan occur only in buildings that emp;oy
solar space heating, recognizing that solar air conditioning.
is never used by itself. |

for all shell j, er all building types .

Xgj = BXg3
where . ‘ .
ij = solar space heat to shell j,
Xaj = solar air conditioning to shell j,.énd
h = ratio of heating to air—conditioning.loads,

8. Solar water heating. These equations ensure that
buildings employing solar space-heating systems derive their
hot water from the same system.

> kx._. for all shells j, for all building types

th sj
where . c S .
th = solar water»heating to shgll ?'_
ij = sdiar spacé hea?ihg to‘shgl; j, and . o
k = ratio of watéf—héating loaa to spaée—heating loéd.
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3. - Data Inputs -

Within the network flow conception we have outlined, inter-
nally consistent performance and cost data are used, taken from
ﬁhe Arthur D. Little data base for buildings6 summarized in Ap-
pendices A and B. The main categories of data are the followiny.

1. Building stocks. These include inventory data for 1975
for four types of residences and five types of commercial build-
ings, removals in the period 1976—2000; new construction by type
during 1976-2000, and total building stocks. |

2. Theoretical building loads. These are defined as the
energy required from'any cdnversion device for the reference
shell fof various types of loéds. They.are different‘for dif-
ferent buildings types and different climatic conditions in var-
ious regions. They are specifiéd for each region for reference
structural technologies for the following categories: space
heating, air conditioning, hof water, lighting plus power , and
auxiliaries in commercial buildings.

3. Shell efficiencies. These ére the percentage improve-
ments in structural integfity, over a nominal 1975 value for new
and eXisting buildings; which can be expected from implementation
of certain teéhnologies applicable to building envelopes.

4. Conversion-device efficiencies. These are the per-
centages of delivered energy which can actually be applied to the
theoreticéi bdildihg"ioads. For heat pumps, for example, this
corresponds to the seasonal performance factor.

5. Technology costs.. These include the cost for con-

version devices and structural technologies, both for new
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buildings and for retrofit applications.

Other efforts have been made at BNL and elsewhere7 to
develop improved data for this model, and these will be con-
tinued. The ADL data base is being used currently because of
its completeness and internal consistency and the extensive
experience it embodies. ‘ ' |

4. Model Operation and Outputs

The equations for the hodel are set up by using the Haverly
Systems, Inc., general-purpose problem-description system (PDS/
MAGEN), which contains a bidirectional interface to the Control
Data Corporation ‘APEX III linear programming system. The model
is run on the APEX III out-of-core system-1 under control of
the SCOPE 2.1 operating system on Brookhaven's Control Data
7600 series computer.

| Using PDS/MAGEN, a single control file generates the
equations, with data inputs being stored in separate files
(one for each region). Though each region uses the same
control -program, a run. for any region is independent of the
runs for the other regions.

For each case to be explored, the data inputs are total
building stocks, bounds for building market shares by fuel,
technology cost, and ﬁérformanCe data, building loads for
each end use (space heating, air conditioning, thermal, and
appliances), and the relevant fuel prices. BESOM and BECOM are
then run éimultaneously as a cost-minimization problem. The
combined probleim has almost 3800 constfaints and 6000 variables

and takes almost 200 CPU seconds to solve.
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Because of the complexity and size of the problem, a
simplified format is used to present.the output. This is
written by using the report-generating features of PDS/MAGEN.

The information flow is shown schematically below.

DATA APEX - solu- :
INPUTS PDS/MAGEN| -——="— |APEX III| === |PDS/MAGEN REPORTS
inputs

The output for each region is displayed at three different
levels of aggregation. The firgt level, Figures 8 to 16, shows
energy demand by ‘building type. Conversion technologies with
fuel are listed in .the column at left. Structural technologies
for both retrofitted- and new buildings are listed across the top.
Since each building option is in fact a combination of a conver-
sion technology and a structural technology,'each path represented
by a.given combination of fuel-firing device plus shell in the
BECOM network is represented by a cell in this matrix. - In the
output, the fuel delivered ("over the fence") to each conversion
device/shell technology combination is reported-in the appropriate
cell in the matrix. For each case .year and policy scenario one
of these matrices is prepared for each of nine building types.
Retrofit i ( or New i) is a ca£egory for a set of conservation
technologies in buildings. The eight columns correspond to the.
eight shell definitions outliﬁed earlier. The two-letter desig-
nation (SH, AC, .TH, AP) in the third column from the‘left iden-
tifies the end use that the conversion device is satisfying.

All the numbers are in units of 1012 Btu.
The second level of aggregation sums the energy flows sepa-

rately in residential buildings (Figure 17) and commercial buildings.
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(Figure 18). This enables one to find the energy demand by
conversion device or end use for all buildings inta sector.
The third level of aggregation presents net epefgy demand by
fuel and end use for each region (Figure 19).

The regional totals in Figure 19 sum residen£ial and
commercial sectors for each region. The sum of these regional

tables yields national demand totals by fuels in the two sectors.

Coverage of Output

Reéions: Northeast, North Central, South,;West

Building types: Residential-- ‘ Commercial--
Single family Hospitals
Low density Schools.
Multi-family Retail
Mobile homes Offices
Miscellaneous

In addition, the results of each run are presented in
terms of physical units which use each technology combinétion,
expressed in lO9 square feet for commercial buildings and 106
units for residential structures. A sample of this ocutput is
included in Figures 20 to 31.

Finally, to facilitate calculation of ihvestmenﬁ require-
ments, the investment (in 1975 constant dollars) in énergy-
related devices and structures during the period from 1976
through the éase year is summarized. These data are presented’
by new and retgofit ma;kets and bﬁiidiﬁg,ﬁYpéé for both devices

and structures. These outputs. are illustrated in Figures 32 to

35.
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Figure 15. Buildings energy ccnservation optimization
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Figure 17. Buildings energy conservation optimization
model. Case~base policy.
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Figure 19. Buildings energy conservation optimization
model. Case~base policy.
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REGION MORTH EAST . MARKET - SCHOOL YEAR 1990 E9 SU,FT,

RETRCFIT RETROFJT RETROFIT RETROFIT  NEW NEW  NEW NEW
NG 1 2 3 NO 1 2 3 _
CONSERV, CONSERV, CONSERV, CONSERV, CONSERV, CONSERV, CONSERV, CONSERV,  TUTAL

23 222322222 3 22 X223 A LR PR AR AR 2R AL RS ARR R A AL A ZAZA A A A2 22 22022 ARt lldd)

GAS  RURNER OLD SH 0:222

GAS  AURNER NEW  SH 0,177 0,177
GAS  HEAT PuMp = SH . 0,043 . 0,043
OIL  RURNER OLD  SK o 0,802 0,802
0IL  RURNER NgW  SH 0,070 . 0,090
ELEC, HEAT PyMp SH . . ' ,
ELEC., FESISTANCE  SH 0,005 o 0,005
! SOLAR COLLECTOR  SH A 0,113 0,113
e GAS. FEAT PUMP  AC ” 0,043 0,043 \
ELEC, FEAT PumMp AC . , :
ELEC, RQOM' " - AC 0,057 0,201 0,257
SoLaR coLLECTOR.  AcC 0,113 . 0,113 i
GAS  BURNER QLD  TH 0,226 0,226
GAS  RURNER NEW TH 0,206 , 0,206
OIL  EBURNER 0LD TH 0,001 0,709 0,710
oIt BURNER NeW  TH 0,070 0,070
ELEC, RESISTANCE Th . 0,093 . . . o 0,093
SOLAR COLLECTOR WL } . ‘ o 0,113 . 0,113
ELEC., LIGHTING APP AP 0s227 0,802 . : 0,332 1,361

Figure 21, Buildings energy conservation optimization
model. Case-base policy.
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REGION NORTH EAST MARKET OFFICE YEAR 1990 E9 SU,FT,

RETROFIT RETROF]T RETROFIT RETROFIT  NEW NEW NEW NEW
NG 1 2 3 NO 1 2 3
CONSERV, CONSERV, CONSERV, CONSERV, CONSERV, CONSERV. CONSERV, CONSERV,  TOTAL

AL 222 AR AR AT RA YA RS PSS RRT RS AR R SRR 22T 20T 2 PSRRI R XL RS 2L Y B

GAS BURNER OLD SH 0,263 0,263
GAS RURNER NEW  SHW ' 0,186 . 0,1g6
GAS  HEAT PuMp SH 0,288 0,288
OIL  BURNER QLD  SH 0,512 0,512
OJL. BURNER NEW SH 0,071 0,055 : 0,126
ELEC. HEAT PuMp SH

ELEC, RESISTANCE SH 04425 . 0,425
SOLAR COLLECTOR SH 0,204 0,204
GAS  HEAT PuMp AC 0,288 0,288
ELEc, HEAT PuMp AC ,

Ebecﬁ RQOM AC - 0,234 0,426 0,660
SOLAR ¢cOLLECTUR AC 0,204 0,204
GAS  BURNER OLD TH 0¢264 0,264
GAS  BURNER NEW TH 0,372 0,372
OfL  BURNER O|D TH 0,161 0,667 0,828
OIL  BURNER NEW TH 0,071 0,055 0,126
ELEC, RESISTANCE TH 0,108 0,108
SOLAR COLLECTYOR TH 0,204 0,204
ELEC. LIGHTING APP AP 0+425 0,775 0,443 0,157 1,800

Figure 22. Buildings energy conservation optimization
model. Case-base policy.




REGION NORTH EAST MARKET ‘RETAIL YEAR 1990 E9 SU,FT,
RETROFIT RETROFIT RETROFIT RETROFIT NEW NEW . NEW NEW
NG i 2 3 NO 1 2 3

CONSERV. CONSERV, CONSERV, CONSERV, CONSERV, CONSERVn CONSERV, CONSERV, TUTAL

[ T 222 2222222232223 2222222222 2 2222232223222 A2 2222222222222y dd

GAg BURNER oLD SH 0,184 0,184

GAS RURNER NEW  SH ! 0,147 0,147

GAS WEAT PUMP Sk 0,336 0,336
oL ‘BYRNER 0OLD SH 0,651 0,651
OIL RURNER NEW  SH ; ' 0,118 0,118
‘ELEc, HEAT PuMp SH
ELEC, RESISTANCE SH 0,007 : 0,007

' SOLAR cOLLECTOR SH 0,190 0,190

ol . .

T GAS  WEAT PuMp AC , 0,336 0,336
ELEC* HEAT PuMP AC ' '
ELEC, ROOM - AC 0004 0,417 ‘ 0s421
SOLAR cOLLECTOR AC . '
GAS  BURNER OLD TH 0.007 0,178 : 0,185
GAS BURNER NEW TH 0,347 0,347
OIL  BURNER OLD TH 0,581 0,581
0IL  BURNER NEw TH 0,118 0,118
ELEc, RESISTANGE TH : 0,076 . : 0,076
SOLAR COLLECTOR  .TH 0,190 01140
ELEC., LIGHTING APP AP 0:.007 0,835 0,560 1,402

Figure 23. Buildings energy conservation optimization
model. Case-base policy.
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REGION NORTH EAST MARKET MISC, A YEAR 1990 E9 SG,FT,

RETRCFIT RETRQFIT RETROFIT RETROFITY NEW NEW NEW NEW
NC 1 2 3 NO 1 2 3

CONSERV, CONSERV. CONSERV, CONSERV, CONSERV, CONSERV., CONSERV, CONSERV, TOTAL

AP AR 2R SR PR A PR A e s 2 R R A R X A A R R A R R AR AR AR RA AR SRR R D]

GAS  BURNER QLD  SH 0.367 . 0,367

GAS  RURNER NEW  SH 0,859 0

GAS  HEAT PUMP  SH 95 859
OIL  BURNER CLD  SH 0,132 0,131
OIL  BURNER NEW  SH 0,234 0! 234
ELEC. HEAT PUMP  SH '
ELEC. RESISTANCE  SH 1,183 0,022 1,205
SOLAR COLLEGTOR  SH '
GAS  HEAT PUMP AC

ELEC. HEAT PuUMP AC

ELECc. ROOM AC 0,840 0,679 1.510
SOLAR COLLEUTOR  AC ' ' o7 31
GAS  BURNER OLD TH 0,370 0,370
GAS RURNER NEW TH 0,882 2
ojL  BURNER o p TH 1,160 o8 2'220
0IL  RURNER NEW TH 0,234 0,234
ELEC. RESISTANCE TH 0,151 , ‘ 0:151

SOLAR CcOLLECTOR TH
ELEC., LIGHTING APP AP 1,681 1,116 2,797

Figure 24. Buildings energy conservation optimization
model, Case-base policy.



REGION NORTH EAST ﬁARKET SINGLE FAMILY YEAR 1990 E6 UNITS
RETRCFIT RETROF]T RETROFIT RETROFIT NEW NEW . NEW NEW
NO 1 2 3 NO p 2 3

CONSERV, CONSERV, CONSERV, CONSERV, CONSERV, CCNSERV, CONSERV, CONSERV. TOTAL
O B L L A L L T I S X T A 222 T XY 22 2

GAS  BURNER OLD  SH 2,895 2,895
GAS SURNER NEW SH 0,836 ~ 0,836
GAS  HEAT PumMp SH :

OIL  BURNER OLD  SH 4,423 4,423
OIL  RURNER NgW  SH 0,150 0,150
ELEc. HEAT PumMp SH : 04774 0,774
ELEC, RESISTANCE  SH 0.312 0,312

SOLAR COLLECTOR SH

-.£17..

GAS  HEAT PUMP AC

ELEC. HEAT PUMP AC 0,774 0,774

ELECc, ROOM AC: 0.962 1,327 0,141 2,430

SOLAR cOLLECTOR AC |

GAS ARURNER 0D TH 3,815 3,815
. GAS  RURNER NEW  TH 1,047 1,047

OIL  RURNER QLD  TH 24670 2,670

OIL  RAURNER NeWw  TH : . . 0,150 0,150

ELEC., RESISTANCE TH 0,536 0,608 0,563 . 1,708

SOLAR COLLECTOR TH : :

ELEC. LIGHTING APP AP = 3,207 4,423 ' ‘ : 1,760 9,390

Figure 25. Buildings-energy conservation optimization
model. Case-base policy.




—f7§7...

GAS
GAS
GAS
o1t
oIL
ELEC.,
ELEC,
SOLaAR

GAS

ELEC.
ELEC.,
SQLAR

GAS
GAS
oIL
oIt
ELEC,
SQLAR

ELEC.

REGION

BURNER OLD
BURNER NEW
HEAT PUMP
BURNER OLD
BURNER NEW

‘HEAT PuMp

ReSISTaNCE
cOLLECTOR

HEAT PuMP
HEAT PuMp
ROOM

COLLECTOR

BURNER 0D
RURNER NEW
BURNER QLD
BURNER NEW
RESISTANCE
COLLECTOR

TH

LIGHTING APP AP

NORTH EAST

NC

11629

0,181

0,561

1,165

0,645

1,810

"

RETROFIT RETROFIT RETROFIT RETROFIT

1

2,492

0,773

0,986
1,506

2,492

Figure 26.

LOW DENSITY

YEAR 19960

NEW
1 2
CONSERV, CONSERV, CONSERV, CONSERV, CONSERV, CCNSERV, CONSERV, CONSERV,

P I R A s A s s a2 a2 s 2SR XA A AR S A 2 A2 22222202 AR Ad Al

0,292

0,052
0,271

on

@~
(=} od

0,366
0,052

0,197

046153

Buildings energy conservation optimization
Case-base policy.
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REGION NCRTH EAST MARKET MOBILE HWOME YEAR 1990 E6 UNITS

RETRCFIT RETROFIT RETROFIT RETROFIT  NEW NEW NEW NEW
NC 1 2 3 NO 4 2 3 :
CONSERV, CONSERV, cONSERV, CONSERV, comSERY, cCNSERV, cONSERV, CONSERYV,  TuTaL

(AT IETEI R TR SR RS AR PG L AR A N T RS XS 2SI RS AR X R R R AR RSS2 R RS RASR AR 2R

GAS  BURNER OLD  SH 0,102 0,102
GAS  RURNER NEW  SH 0,108 0,108
GAS  HEAT PuMp SH : 0,208 0,208
0IL  BURNER Q1D  SH 0,155 . 0)1s5
0IL  RURNER NEW  SH 0,037 0,037
ELEC. HEAT PUMP SH

ELEC. RESISTANCE  SH 04013 0,139 0,152
SOLAR COLLEGTOR SH

GAS  HEAT PuMp AC : 0,208 0,208
ELEC., HEAT PuMp AC

ELEC, ROOM AC 0,003 0,064 0,068
SOLAR COLLECTOR AC

GAS BURNER QLD TH 0,013 0,122 0,135
GAS  RBURNER NEW  TH 0,245 0,245
oIL RURNER oD TH 0,094 , 0,094
OIL BURNER NEW TH » ‘ 0,050 0,050
ELEC, RESISTANCE TH 0,040 0,139 0,179
SOLAR COLLECTOR TH

ELEC. LIGHTING APP AP 0013 0,257 0,433 0,703

Figure 28. Buildings energy conservation cptimization
model. Case-base policy.
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REGION NORTH EAST _ MARKET  "COMMERCIAL , YEAR 1990 E9 SU,FT,

RETRCFIT RETRQOFIT RETROFIT RETROFIT NEW NEW NEW NEW

NG 1 P I NO p! ) 2 3 ‘
CCNSERV, CONSERV, CONSERV, CONSERV, CONSERV, CCNSERVs CONSERV, CONSERYV, TOTAL -
AR AR IR 222 R AT AR A R R R I N e T AT A RS PR R 2L Y R R R R R R R R 2 AR R R

GAS  BURNER OLD SH 0,676 0,263 0,184 1,123

GAS BURNER NEW SH 1,408 1,408
GAS HEAT PuUMp SH : 0,903 0,903
OIL  BURNEK QLD  SH 0,442 1,314 0,651 . 2,407
O]k . BURNER NgW - SH . 04556 0,055 0,611
ELEC. HEAT PuMp SH

ELEC, RZSISTANCE  SH 1,622 0,022 1,644
SOLAR ¢oLLECTOR SH 0,406 0,204 0,610
GAS  HZAT PuMp. AC ‘ : 0,903 0,903
ELEC., HIAT PuMp AC

ELEC., RIOM AC 1,383 0,627 0,417 0,670 5,096
SoLAR CcOLLECTOR AC : 0,216 0,204 0,420
GAS  BJURNER QLD TH 0,991 0.178 v 1,169
GAS  RURNER NEW  TH . 1,994 1,994
OIL  BYRNER OLD TH 1,598 1,376 0,581 3,555
OIL  RURNER NEW TH . o _ o ‘ 0,556 0,055 : 0,611
ELEC, RESISTANCE TH 0,151 0,201 0,076 , ‘ 0,428
SOLAR CoLLECTOR TH ‘ S ' ' 0,406 0,204 ‘ 0,610
ELEC., LZGHTING APP AP - 2,740 1,577 0,835 2,753 0,157 8,062

Figure 29. Buildings energy conservation optimization
model. Case-base policy. -




REGION NORTH EAST MARKET RESIDENTIAL YEAR 1990 E6 UNITS
)
RETRCOFIT RETROFIT RETROFIT RETROFIT NEW NEW NEW NEW
NGO 1 2 ' 3 NO i 2 3

CONSERV, CONSERV, CONSERV, CONSERV, CONSERV, CCNSERV. CONSERV, CONSERV,  TOTAL

RS R R A R AR A AR SRR S S R R 2R RS AR SR AR AR AL AAAS AR LAl St llt il ol Al d)

GAS  BURNER OLD SH 4,524 0,102 1,205 5,831

" GA BURNER NEW W 1,400 1,400

GA HEAT PUMP’ H 0,680 0,057 0,737

OIL  BURNER OLD SH 8,921 8,921

OIL  BURNER NEW  SH : 0,265 0,052 U,317

. ELEC. HEAT PUMp SH 1,045 1,045
| ELEC, RESISTANCE  SH 04645 0,433 1,078
= SOLAR COLLECTOR . SH 0,285 0,285
! GAS  HEAT PuMp AC : 0,680 0,057 0,737
ELEC, HEAT PuMp AC 1,045 1,045

ELEC, ROOM . AC 1,600 3,145 0,839 0,221 5,604
SalaR cOLLECTOR AC 0,285 0,285

GAS  BURNER OLD  TH 1,317 6,382 70699

‘GAS BURNER NEW - TH ) 2,063 2,063

OIL  BURNER OLD TH 2.670 1,993 0,726 5,389

OIL  BURNER NgW  TH . . 04252 0,078 0,330

ELEC, RESISTANCE TH 14182 0,649 0,479 1,193 3,503
SOLAR COLLECTOR TH ¢,285 0,285
ELEC, LIGHTING APP AP 5,169 9,023 1,205 1,650 0,078 19,125

Figure 30. Buildings energy conservation optimization
model. Case-base policy.
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GAS
orL
ELEC,
SoLAR

GAS
O1L
ELEC,
SOLAR

REGION NORTH EAST

SUMMARY YEAR 1990 PHY ,UNITS

COMMERCIAL
T Y23 -
SPACE HEAT AIR CONDITIONING THERMAL APPLIANCE
A I s A a2 XY IR AR R AR R A LA AR R AL 22 A2 22 2]
3:4340 0:9027 341634
3,0181 : 4,1660
1,6443 3,0064 0,4277 8,0620
0,6100 0,4196 _ 0,6100
RESIDENTIAL
[ P22 22222 24 ]
SPACE HEAT AIR CONDITIONING THERMAL APPLIANCE
I 2 Y3132 223 2221222222222 222 R3S AR A2 2 AR AR LA AR 4 2 1 22
7,9674 60,7368 9,7611
9,2379 5,7188 .
2,1229 6,6492 3,5025 19,1250
0,2852 0,2852 0,2852 .
Buildings energy conservation optimization

Figure 31,

model. Case-base policy,
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Figure 32.
Capital investment in structural technologies (1975 $).

model.
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Buildings energy conservation optimization
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1.,1483

0,2968
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0.1714

YEAR 19990

oLD

5 8

3.3965

1.4287

0.6864

0.6999

0.0643

6,2759

UNIT - % BILLION

3.3965

1.,4287

1.3864
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REGION - NORTH EAST COMMERCIAL YEAR 1990 UMIT - % BILLION

L2 LA L L LaEEtE R ELE LR E 2L L YR Y-2- 222 Y TR Y R Y,

NE W oLD
R-X-X-] E-X-X -
HOSPITALS LEVEL I 0.1046
LEVEL TI1
LEVEL ITI 0.1046
SCHOOLS LEVFL 1 nN.1128 0.5419
: LEVEL IT ‘
LEVFL TII 0.,1128 0,5419
| ' S -
o OFFICES LEVFL 1 0.1054 N.3664
hul? LEVEL It nN.0920
i LEVEL ITT 10,1973 0.3664
RETATL LEVEL I n.1308
LEVEL II 0.7108
LEVEL ITT 0,1308 . 0.7108
MISC LEVEL I 0.4503
LEVEL I1I
LEVEL IIT 0.4503
TOTAL 0.9959 1.6191

Figurs 33. Buildings energy conservation optimization
model. Capital investment in structural technologies (1975 $).
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REGION NORTH EAST RESIDENTIAL YEAR 19990 UNIT - & BILLION
P T R R R T S g R T T L L e 2 L e T T L T e S I LT YRR PRy Yy 2

SPACE AIR THERMAL APPLIANCE
HEAT COND . & LIGHT

SINGLE FAMILY | 7.3888 0.2551 41.4392 4.1442
LOw DENSITY T 241610 | 0.0523 - 01.1625 1.3786
MULTI=-FAMILY ‘. 2.9811 0.0896 ’0;2765 1.8559
MOBIL HOME h 0;7026 ' ' 10.0886 0.8254
TOTAL 13,2334 0.3969 1.9577 - 8.2041

Figure 34. Buildings energy conservation optimization
model., Capital investment in conversion devices (1975 $).
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P R Y Y Y IR NIRRT YRR T YR YL YRR Y Y Y )

SPACE AIR
HEAT COND
3.4716 0.2132
1.6330 0,0932
4,3642 0.2012°
2.7071
0,4517 1.,8152
12.6275 2.3227
Figure 35.
model.
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N.2553

Buildings energy conservation optimization

Capital investment in conversion cevices (1975 $).
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1.4273
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5. Applications

The most important feature of the model from the point of
view of the user is that BECOM consists of a multitude of indi-
vidually specified building energy technologies which are
selected and assembled in a systematic way to project a picture
of the entire stock of energy technologies in buildings and the
resulting energy consumption. The technologies currently
included comprise the major classes of conventional.equipment
and also major types of equipment under development. Novel and
conventionai equipment types compete on an equal basis.

These structural characteristics of BECOM make it espe-
cially suited for certain types of analysis.

1. Market penetration analysis. Because all types of
equipment compete simultaneously, meaningful analyses of the
relative roles of various technologies can be developéd. Fur-
thermore, since all possible combinations of conversion devices
(such as HVAC equipment and various structural improvements)
are included, one can analyze the synergistic effects of com-
bining various types of conversion devices and structural tech-
nologies.‘ Unlike many other models of. buildings energy demand,
BECOM makes it is impossible fo double-count energy savings.

Because it includes nine building types, two building
classes (new and retrofit), and four regions, BECOM can be
used to -¢calculate the market penetrations of technologies in
considerable detail and also on a national aggregate basis.

Thus, the model identified both those technologies that have a
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large national impact and those that may be highly desirable

in a limited market.

2, Policy analysis. A major question before the nation
in relation to energy consumption in buildings is the role of
various policy measures such as price regulation of various
forms of energy, tax incentives for investment in specific-
building  technologies, implementation of various code improve-
ments, and setting of performance standards for appliances,
air conditioning, and buildings. 'BECOM can analyze effects of.
such measures in a high degree of detail. Various pricing
policies can be represented through input prices, which can
be varied for different regions and'consuming sectors. Tax
incentives or other measures for changing the economics of:
building investment can and have been entered through adjustments
to the capital-'charges for various building types. These
adjustments can be different for each type of building just
as they are likely to be for different classes of building
owners. (Store owners will be treated differently than home-
owners, for example.) Finally, regulatory action can be re-
presented through constraints requiring or prohibiting certain
technologies. in the various markets.

3. Analysis of re;earch, development, and.demonstration
projects. Because BECOM. makes projections of buildings energy
demand by assembling an overall-technological'configurationd
from many individual technologies, it is particularly .well
sulted to examining the rolée o6t these technologies 1n the

context of total building energy consumption.
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Within BECOM, a technology is a generic type. For-

example, the electric heat pump is one generic technology.

DOE or other RD&D projects related to electric heat-pump

market share for each region or building type (if the project
were so directed) indicated by BECOM. If the project were
directed at achieving a particular cost or efficiency improve-
ment, these parameters could be entered in the model to estimate
the degree to- which a given cost or improvement would improve
market penetration, and the particular building types and regions
where the increased market penetration would occur.

A key feature of BECOM for RD&D assessment is - that the
simultaneous competition of all technologies precludes double
counting of energy savings which could occur if energy savings
from technologies were estimated without considering competing .
technologies. Also, since buildings are defined according to .
both conversion devices and structural technologies, sa&ings
are attributed to the.combined effect of conversion-device .
improvements and structural improvements, as will actually .
occur in the field.

4. Sensitivity analysis. This type of analysis is
closely related to the other areas outlined above. . Because
of the advanced programming system used for this model, one can
quickly perform a series of evaluations of the types.outlined,

varying a single parameter (an energy price, for example, or

the level of a tax credit) and produce a complete analysis of

the -entire buildings sector for each value of the parameter of




interest. Thus the full effects of a specific decision variable-
can be theroughly analyzed.

5. Conservation implementation. BECOM is expected to be
used in. the near future to-study the relationship between im-
plementation of energy-conservation technologies (revealed, for
example, through sales figures for insulation, heat pumps, and
so forth) and yearly totals for energy consumption in buildings.’
By reconciling yearly sales totals of -building energy technologies
and total energy consumption within the BECOM framework, it will
be possible to assess whether federal policies are having the
anticipated effects on.consérvation-technology implementation®
and -ultimately on energy consumption. If not, policy adjust-
ments can be assessed.

6. Environmental effects of cdnServation in buildings.
Reduced environmental impacts in the energy supply system as a
whole are captured in -BESOM. Detailed'coefficiepts for emis-
sions from the individual conversion devices included in BECOM
are being developed. When this task is completed, detailed
assessments of the environmental effects of buildings conser-

vation policies can be performed.
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APPENDIX A

Residential and Commercial

Inventory and Forecasts
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RESIDENTTAL CONSTRUCTION INVENTORY FORECASTS

(thousand units)

1975 NEW CONSTRUCTION REMOVALS 2000 1
INVENTORY 1976-1980  1981-1985  1986-2000  1976-2000 INVENTORY

Northeasr Total 16,282 1,250 1,500 3,357 1,629 20,760 -
Single Family Detached 7,910 698 693 1,475 640 10,136
Low Density 4,544 156 246 648 397 5,197
Multi-Family 3,445 252 407 801 409 4,496
Mobile Homes 383 144 154 433 183 931
North Central Total 18,993 2,074 2,505 5,646 2,353 26,865
Single Family Detached 13,253 1,250 1,335 2,926 1,259 17,505
Low Density 2,840 161 235 616 321 3,531
Multi-Family 2,112 340 588 1,134 306 3,868
Mobile Homes 788 323 347 : 970 467 1,961
South Total 22,488 3,827 4,647 10,504 3,439 38,027
Single Family Detached 16,051 2,330 2,477 5,499 2,014 24,343
Low Density 2,315 280 442 1,106 255 3,888

Mulri-Family 2,428 580 1,045 1,988 236 5,805 ‘

Mobile Homes 1,694 637 683 1,911 934 3,991 |

West Total 13,067 2,149 2,628 5,926 1,629 22,141 ‘
Single Family Detached 8,379 1,140 1,175 2,553 846 12,401
Low Density 1,740 285 439 1,102 128 3,438
Multi-Family 2,098 428 698 1,385 209 4,400
Mobile Homes 850 - 296 316 886 446 1,902
U. S. Total 70,830 9,300 11,280 25,433 9,050 107,793
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COMMERCIAL CONSTRUCTION INVENTORY FORECASTS
‘ (million square feet)
1975 A NEW CONSTRUCTION REMOVALS 2000
INVENTORY 1976-1980 1981-1985  1986-2000 1976-2000 INVENTORY

Northeast Total 5,688 938 980 3,272 879 9,999
Office & Bank 1,321 193 203 660 198 2,179

" Retail 928 179 190 636 139 1,794
Schools 1,150 114 107 342 199 1,514
Hospitals 440 94 101 368 66 937
Other 1,849 358 : 379 1,266 277 3,575

North Central Total 6,674 1,169 1,217 4,089 1,135 12,014
Office & Bank 1,317 198 207 i 675 224 2,173
Retail 1,517 334 - 354 1,195 258 3,142
Schools 1,812 190 179 576 308 2,449
Hospitals 511 113 122 448 87 1,107
Other 1,517 334 ,355 1,195 258 3,143

South Total 7,320 1,273 1,379 4,783 1,464 13,291
Office & Bank 1,650 265 288 975 330 2,848
Retail 1,589 317 349 1,212 318 3,149
Schools 1,530 167 . 162 540 306 2,093
Hospitals 486 113 127 480 97 1,109
Other 2,065 411 453 1,576 413 4,092

\

West Total 4,781 ' 811 891 3,106 813 8,776
Office & Bank 1,146 185 203 690 195 2,029
Retail 960 180 202 706 163 1,884
Schools - 934 104 ‘ 102 342 159 1,323
Hospitals 294 70 80 304 50 698
Other 1,447 272 304 1,064 246 2,842

U.S. Total 24,463 4,191 4,467 15,250 4,291 44,080
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'

Building Units and % Air Conditioned - 1976-2000

New - Non Residential 1976-2000

NEW

Built

1976-2000 % A C

Northeast Offices 1,056 65

Ret. & Other 3,008 60

Schools 563 30

Hospitals 563 95

North Ceatral Offices ©1,080 65

Ret. & Other C. 3,767 60

Schools 945 50

Hospitals 683 97

Soutk . Offices 1,528 95

Ret. & Other 4,318 a9

Schools 869 B

Hospitals 720 100

| ' , Vest office 1,078 83
| o Ret. & Other 2,728 80
! . Schools 545 70
! ) Hospltals 454 100
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RETROFIT
1976-2000 % AC
1,123 55
2,361 50

978 25
374 62
1,093 50
2,518 45
1,504 32
424 56
1,320 70
2,922 65
1,224 60
383 75
951 60
©1,998 55
775 52
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Building Units and % Air Conditioned - 1976-2000

Northeast Single Family
Low Density
Multi-Family "

Mobile Home

Nor:h Ceatral Single Family
Low Density
Multi-Family
Mobile Home

South Single Family
Low Density
Multi-Family

Mobile Home

West Single Family
Low Density
Multi-Family
Mobile Home

New and Retrofit

New Units
1976-2000

2.86F
1,050
1,465

732
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S~

57
73
48

87
90
95

-

70
75
82
72

Retro
Units

7,270
4,147
3,036

200

11,994
2,519
1,806

321

14,037
2,060
2,192

760

7,533
1,612
1,88
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APPENDIX B

e Theoretical Loads for Buildings
e Conservation Technology Costs and Savings

@ First Costs of Conventional HVAC Equipment
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Building Type

Single-Family

Low Density

Multi-Family

Mobile Homes

Region

NE
NC
S
W

NE
NC -
S
W

NE
NC
S
W

NE
NC
S
W

All figures in 106 Btu/unit

- THEORETICAL BUILDING ENIRGY LOADS

RESIDENTIAL - NEW CONSTRUCTION 1976-1980

Fossil

81
102
39
57

70
102
38
57

46
53
19
23

57
66
31
38

Tight

Heat and
Electric Cool Thermal Power
65 8 19 21

81 13 19 23

36 59 19 21
53 60 19 23

50 6 13 20

62 11 13 21

28 47 13 20

40 48 13 21
21 3 11 18

23 5 11 18

11 22 11 17
15 21 11 18
41 8 8 17

47 12 8 20

22 38 8 20

27 37 8 17
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Aux.

NA

NA

NA

NA

Assumes the following conversion efficiencies:

Gas
0il
Electric
A C CoP

0.7
0.6
1.0
2.1




THEORETICAL BUILDING ENERGY LOADS

COMMERCIAL —- NEW CONSTRUCTION 1976-1980

Light
Heat and
Building Type Region Fossil Electric Cool Thermal Power Aux.
Office and Bank NE 68 44 23 3 24 15
NC 68 ’ 51 23 3 30 18
S .42 24 =3 3 30 20
W 43 25 34 3 31 20
Retail NE 37 22 25 2 62 20
NC 44 26 26 2 67 25
S 18 14 61 2 69 - 30
W 23 16 40 2 72 30
Schools NE 60 40 19 3 26 12
NC 70 46 19 3 28 15
S 31 18 43 3 - 28 18
W 38 23 25 3 31 18
Hospitals NE 73 54 19 17 60 30
NC ‘ 86 54 19 17 74 ‘30
S 37 19 43 17 73 35
W 46 25 25 17 86 35
Other NE 37 ) 24 - 2 34 20
NC 44 27 - 2 35 25
S 17 15 61 2 37 30
1 22 16 - 2 39 30
All figures in 103 Btu/square foot Assumes the following conversion efficiencies:
Gas 0.7
0il 0.6

Electric 1.0
A C CoP 2.1
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THEORETICAL BUILDING ENERGY LOADS

- RESIDENTIAL - RISEROFIT 1975 INVENTORY

Light
Heat and
Building Type Region Gas 0il Electric Cool Thermal Power Aux.
Single-Family NE 94 128 51 6 22 21
NC 118 114 64 19 22 23
S 43 79 31 63 22 21 NA
W 57 102 44 74 22 23
Low Density NE 67 89 33 5 15 20
NC 87 84 45 11 15 21
S 30 54 . 21 36 15 20 NA
W 37 65 30 54 15 20
Multi-Family NE 43 58 17 4 13 18
NC 50 49 24 9 13 18
S 16 29 . 10 34 13 17 NA
w 20 35 14 33 13 18
Mobile Homes NE 44 59 24 6 10 17
NC . 54 53 29 10 10 20
S 21 53 15 40 10 20 NA
1% 27 48 20 46 10 17
All figures in 106 Btu/unit Assumes the following conversion efficiencies:
Gas 0.6
0il 0.5

Electric 1.0
A C CoP 2.1
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THEORETICAL BUILDING ENERGY LOADS*

COMMERCIAL - RETROFIT 1975 INVENTORY

Light
A . . Heat and

Building Type Region Gas 0il Electric Cool Thermal Power Aux.
Office and Bank NE 91 83 . 31 33 3 24 18
NC 84 68 - 36 - 30 20

S 64 60 .19 87 3 30 22

W 66 59 20 57 3 31 22

Retail NE 50 47 14 ‘ 37 2 62 22
NC 46 37 ’ - 41 - 67 27

S 29 26 ) 10 99 2 69 33

1) 35 32 13 68 2 72 33

Schools NE 80 . 74 28 28 3 26 15
NC 74 60 -- 30 - 28 18

S b1 44 14 70 3. 28 20

w 58 © 52 19 39 3 31 20

Hospitals NE 97 89 ‘ 33 42 16 60 32
NC 90 73 -— 45 -— 74 32

S 55 51 14 106 - 16 - 73 37

W 68 61 20 ' 76 .. 16 86 37

Other NE 49 45 16 37 2 34 22
NC 46 37 - 41 - 35 27

S 27 24 11 99 2 37 33

W 33 30 13 68 2 39 33

All Figures in 103 Btu/ square foot Assumes' the following conversion efficiencies:

Gas 0.6
0il : 0.5

Electric 1.0
A C CoP 2.1

- 71 -



CONSERVATION TECHNOLOGY CUSIS & SAVINGS

BUILDING TVYPE: SINGLE FAMILY 1560 SQ. FTI. UNIT

CONSERVATION LEVEL 1

First Cost *% of load saved

$/unit Heating Cooling Hot Water L&P
New Construction NE 220 23 20 5 5
NC 220 25 22 5 5
S 240 23 25 5 5
W 240 25 23 5 5
Retrofit NE 260 15 10 Q 0
NC 260 17 10 0 0
S 200 12 15 0 0
W 200 14 13 0 0

CONSERVATION LEVEL II
New Construction NE 800 50 35 5 5
NC 800 52 : 37 5 5
- S 770 44 35 5 5
W 770 46 33 5 5
Retrofit NE 1,130 43 20 0 0
NC 1,130 45 20 0 0
S 1,070 37 25 0 0

CONSERVATION LEVEL III
New Construction NE .2,140 58 40 10 5
NC 2,140 60 42 10 5
S 1,760 50 40 10 5
W 1,760 52 38 10 5
Retrofit : NE 1,860 52 25 5 0
NC . 1,860 54 25 5 0
S 1,770 44 30 5 0
W 1,770 46 28 5 0
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CONSERVATION TECHNOLOGY COSTS & SAVINGS

BUILDING TYPE: LOW DENSITY 1000 SQ. FT. UNIT

CONSERVATION LEVEL I

First Cost : % of load saved

$/unit Heating Cooling Hot Water L&P
New Construction NE - 165 23 20 5 5
NC 165 25 22 5 5
S 180 23 25 5 5
W 180 25 23 5 5
Retrofit NE 195 15 10 0 0
NC 195 17 10 0 0
S 150 12 15 0 0
W 150 14 13 0 0

CONSERVATION LEVEL II
New Construction NE 600 50 35 5 5
NC 600 52 37 5 5
S 580 44 35 5 5
W 580 46 33 5 5
Retrofit NE 850 43 _ 20 0 0
NC 850 45 20 0 0
s 800 37 25 0 0
W 800 39 23 0 0

CONSERVATION LEVEL III
New Construction NE 1,600 58 40 10 5
NC 1,600 60 42 10 5
S 1,320 50 40 10 5
W 1,320 52 38 10 5
Retrofit NE 1,400 52 25 5 0
NC 1,400 54 25 5 0
S 1,330 44 30 . 5 0
W 1,330 46 28 5 0
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CONSERVATION TECHNOLOGY COSTS & SAVINGS

BUILDING TYPE: MULTI-FAMILY 900 SQ.FT. UNIT

First Cost

CONSERVATION LEVEL I
# of load saved

$/unit Heating Cooling Hot Water

New Construction NE 65 30 25 15
NC 65 33 25 15

S 63 25 30 15

W 65 27 28 15

Retrofit NE 126 18 25 8
NC 126 21 25 8

S 126 17 18 8

I 126 20 16 8

CONSERVATION LEVEL II

New Construction NE 120 38 35 15
NC 120 40 35 15

S 120 35 42 15

W 120 37 40 15

Retrofit NE 198 24 25 15
NC 198 28 25 15

S 198 25 22 15

W 198 29 20 15

CONSERVATION LEVEL III

New Construction NE ‘ 260 45 44 20
NC 260 48 44 20

S 260 40 50 20

W 260 42 47 20

Retrofit NE 324 24 25 23
NC 324 29 25 23

S 324 25 22 23

W 324 30 18 23
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CONSERVATION TECHNOLOGY <OSTS & SAVINGS

BUILDING TYPE: MOBILE HOME 720 SQ. FT. UNIT

CONSERVATION LEVEL I

First Cost % of load saved

$/unit Heating Cooling Hot Water L&P
‘New Construction NE 1 30 30 5 0
NC 1 30 30 5 0
S 1 20 20 5 0
W 1 20 20 5 0
Retrofit NE 85 15 15 3 0
NC 85 15 15 3 0
S 85 15 15 3 0
W 85 15 15 3 0

CONSERVATION LEVEL II
New Construction NE 330 45 45 5 0
NC 330 45 45 5 0
S 230 30 30 5 -0
W 230 30 30 5 0
Retrofit NE 435 .30 25 7 0
NC 435 30 25 7 0
S 335 25 30 7 0
W 335 25 30 7 0

CONSERVATION LEVEL III
New Construction NE 790 61 61 7 0
NC . 790 61 61 7 0
s - 490 46 46 7 0
W 490 46 46 7 0
Retrofit NE 655 37 28 7 0
: NC 655 37 28 7 0
S 475 30 33 7 0
W 475 30 33 7 0
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CONSERVATION TECHNOLOGY COSTS & SAVINGS

BUILDING TYPE: OFFICE
CONSERVATION LEVEL I

First Cost % of load saved

$/1000 fe? Heating Cooling Hot Water L&P

New Construction NE 80 25 20 0 15
NC 80 .27 20 0 15

S 80 28 35 0 15

W 80 30 32 0 15

-Retrofit NE 160 11 13 0 25
NC 160 13 13 0 25

S 160 6 8 0 20

W 160 8 7 0 20

CONSERVATION LEVEL II

New Construction NE 200 | 35 35 5 25
NC 200 38 35 5 25

S 200 38 45 5 25

W 200 41 42 5 25

Retrofit NE 330 15 17 0 50
NC 330 17 17 0 50

S 330 13 11 0 40

W 330 15 10 0 40

CONSERVATION LEVEL III

Ne , Construction NE 465 ' 40 47 10 25
NC 465 43 - 47 10 25

S 465 45 50" 10 25

W 465 48 47 10 25

Retrofit NE 580 23 34 0 50
NC 580 A 26 34 0 50

S 580 19 24 0 40

W 580 22 22 0 40
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Aux..

10
10
10
10

17
17
14
14

16
16
16
16

28
28
23
23

20
20
20
20

38
38
32
32




'CONSERVATION TECHNOLOGY COSTS & SAVINGS

BUILDING TYPZ: SCHOOL
CONSERVATION LEVEL I

, First Cost % of load saved
$71000 ft2 Heating Cooling Hot Water L&P
New Construction NE 115 30 25 5 15
NC 115 33 25 5 15
3 115 35 20 5 15
W 115 38 17 5 15
Retrofit NE 230 14 16 0 12
NC 230 16 16 0 12
s 230 13 9 0 11
W 230 13 8 0 11
CONSERVATION LEVEL II
New Construction NE 355 42 35 57 20 -
NC 355 45 35 5 20
S 355 48 35 5 20
W 355 51 32 5 20
Retrofit . NE T 590 21 26 0 30
NC 590 24 - 26 0 30
s 590 19 14 0 28
W 590 22 12 0 28
‘CONSERVATION LEVEL III
New Construction NE ° 880 50 41 10 20
: NC 880 53 41 10 20
s 880 55 40 10 | 20
W 880 58 37 10 20
Retrofit NE 1,100 29 . 56 . 30 42
NC 1,100 .32 56 30 42
S 1,100 30 28 . 30 39
W 1,100 33 25 30 39
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20
20
20

2

<

26
20
20

25
25
25
25

33
33
25
25
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30
30
30
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CONSERVATION TECHNOLOGY COSTS & SAVINGS

BUILDING TYPE: HOSPITAL

CONSERVATION LEVEL I

First Cost % of load saved
$/1000 ft2 Heating Cooling Hot Water . L&P
New Construction NE 140 20 15 10° 10
NC 140 23 15 10 10
S 140 20 20 10 10
W 140 23 17 10 10
Retrofit NE 280 7 7 12 8
’ NC 280 9 7 12 18
S 280 11 8 12 7

CONSERVATION LEVEL IT

New Construction NE 455 32 25 15 .15
NC 455 35 25 15 15

S 455 35 30 15 15

W 455 38 27 15 15

Retrofit NE 760 15 | 24 24 12
NC 760 18 24 24 12

S . 760 23 13 24 10

W 760 26 11 24 10

CONSERVATION LEVEL III

New Construction NE 1,040 40 33 20 15
NC 1,040 43 33 20 15

S 1,040 45 35 20 . 15

W 1,040 48 32 20 15

Retrofit NE 1,300 16 28 31 17
NC 1,300 19 . 28 31 17

s 1,300 23 15 31 14

W 1,300 26 12 31 14
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Aux.

10
10
10
10

19

19
16

15
15
15
15

25
25
22
22

15
15
15
15

30
30
27
27



CONSERVATION TECHNOLOGY COSTS & SAVINGS

BUILDING TYPE: RETAIL STORE

CONSERVATION LEVEL I

First Cost 7% of load saved

$/1000 ft2 Heating Cooling Hot Water L&P Aux.

New Construction NE 80 30 25 0 15 10
NC 80 32 25 0 15 10

S 80 28 35 0 15 10

W 80 30 32 0 15 10

Retrofit NE 160 8 12 0 13 18
NC 160 10 12 0 13 18

S 160 11 7 0 12 12

W 160 13 6 0 12 12

CONSERVATION LEVEL II1

New Construction NE 175 42 37 5 24 16
NC 175 45 37 5 24 16

S 175 45 40 5 24 16

1Y 175 48 37 5 24 16

Retrofit NE 290 23 20 0 25 36
NC 290 - 26 20 0 25 36

S 290 25 11 0 23 24

W 290 27 10 0 23 24

CONSERVATION LEVEL III

New Construction NE 420 50 46 10 30 20
NC 420 53 46 10 . 30 20

S 420 55 50 10 30 20

W 420 58 45 10 30 20

Retrofit NE 520 25 20 0 25 45
NC 520 28 20 0 25 45

S 520 29 13 0 23 30

W 520 32 11 0 23 30

- 79 -




CONSERVATION TECHNOLOGY COSTS & SAVINGS

BUILDING TYPE: MISCELLANEOUS

New Construction NE
NC

S

W

Retrofit NE
NC

S

W

New Construction NE
NC

Retrofit NE

NC

New Construction NE
E NC

Retrofit NE

NC .

CONSZRVATION LEVEL I

First Cost . of load saved
$/1000 ft? Heating Cooling Hot Water
150 30 25 5
150 33 25 5
150 35 35 5
150 38 32 5

300 9 5 0
300 11 5 0
300 8 . 4 0
300 10 3 (VI
CONSERVATION LEVEL II
400 42 35 10
400 45 35 10
400 42 42 10
400 45 39 10
660 15 12 0
660 18 12 0
660 20 7 0
660 23 6 0
CONSERVATION LEVEL III
1,040 50 40 10
1,040 53 40 10
1,040 45 45 10
1,040 48 42 10
1,300 26 24 0
1,300 . 30 . 24 0
1,300 40 13 0
1,300 44 12 0
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15
15
15

15
15
14
14

20
20
20
20

24
24
22
22

Aux.

15
15
15
15

14
14
13
13

20
20
20
20

23
23
23
23

20
20
20
20
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A. Gas Heat
NE
NC
S
W

B. 0il Heat
NE
NC
S
1Y)

C. Elec. Heat

NE
NC
S !
1Y

D. Gas Heat W/AC
NE
NC
S
1

E. 0il Heat W/AC
NE
NC
S
W

F. Elec. Heat W/AC

NE
NC
S
W

G. Elec., Heat Pump

NE
NC
S
W

H. Gas Heat Pump
NE
NC
S
W

CONVENTIONAL

FIRST COSTS OF HVAC EQUIPMENT

o~ o~ o~ o~

1 ('] + n +

U2 & Y1 — 4 Y

> ~ 4 5] o

¥ b FORpT] L e 0 B g O o —Ho 8O o
— A AH A d oA O O A8 09 =) HO
0d o ag HHdgdog AXO 98 - X=] oo 0O
555 g§s ZgEZ2ES &S £ 24 ad =
v B o> - A v ko T QAQY X 2R TR Q U
2,980 2,650 2,322 577 5,170 3,500 4,280 5,140 3,500
3,073 2,750 2,412 599 5,360 3,640 4,430 5,320 3,640
2,730 2,410 2,115 528 4,720 3,200 3,920 4,700 3,200
3,073 2,750 2,412 600 5,360 3,650 4,430 5,330 3,650
3,026 2,660 2,205 817 5,130 3,490 4,250 5,130 3,490
3,120 2,760 2,376 848 5,320 3,630 4,400 5,310 3,630
2,777 2,320 2,088 748 4,680 3,190 3,890 4,690 3,190
3,120 2,760 2,385 850 5,320 3,650 4,400 5,320 3,640
2,808 2,770 2,367 504 5,240 3,557 4,060 5,180 3,557
2,886 2,880 2,457 522 5,430 3,700 4,490 5,360 3,700
2,538 2,530 2,160 461 4,780 3,250 3,970 4,740 3,250
2,886 2,880 2,457 524 5,430 3,710 4,490 5,370 3,710
4,705 3,239 3,780 1,978 8,940 5,940 7,720 14,667 5,940
4,682 3,360 3,870 2,051 9,150 6,080 7,600 13,500 6,080
4,308 2,949 3,636 1,810 8,610 5,730 7,140 11,900 5,730
4,866 3,362 3,888 2,056 9,180 6,095 7,620 13,520 6,095
4,751 3,249 3,663 2,218 8,900 5,930 7,690 14,657 5,930
4,909 3,370 3,834 2,301 9,110 6,069 7,570 13,490 6,069
4,355 2,859 3,609 2,029 8,570 5,720 7,110 11,890 5,720
4,913 3,372 3,861 2,305 9,140 6,085 7,590 13,510 6,085
4,533 3,359 - 3,825 1,905 9,010 6,000 7,500 13,040 6,000
4,675 3,490 3,915 1,976 9,220 6,140 7,660 13,540 6,140
4,136 3,069 3,681 1,743 8,670 5,780 7,190 11,940 5,780
4,679 3,492 3,933 1,980 9,250 6,170 7,680 13,560 6,170
4,833 3,654 3,975 2,205 9,310 6,150 7,800 13,040 6,15C
5,125 3,790 4,065 2,276 9,520 6,290 7,960 13,840 6,290
4,436 3,219 3,831 2,143 8,970 5,930 7,490 12,390 5,930
5,129 3,642 4,083 2,280 9,550 6,320 7,980 13,860 6,320
6,725 4,965 5,255 2,735 11,810 7,850 10,345 18,680 7,850
7,275 5,110 5,375 2,820 12,060 8,015 10,200 17,280 8,015
5,890 4,260 4,725 2,890 11,050 7,595 9,290 15,000 7,595
6,920 5,115 5,025 3,190 11,735 8,035 9,865 16,945 8,035
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