CHAPTER VII
DETAILED RESULTS FOR VERMONT

A. BASELINE PROJECTIONS

Both project base cases were included in the Vermont analysis of DSM impacts: the
Market Potential baseline, in which the average efficiency of new appliances and end uses
is allowed to change due to market forces, and the Frozen Efficiency case, interpreted in
the Vermont model as a case in which fuel demand varied only with changes in the
population and market demand, rather than with changes in appliance efficiencies.

1. The Market Potential Baseline

The Market Potential baseline projection was modeled to represent the State’s current
set of BAU base projections of energy demand. Under the Market Potential case, fuel
prices play a significant role in the selection of device efficiencies and in the ultimate fuel -
demand. Under this case, Vermont projects electricity sales to increase almost 40 percent
between 1993 and 2010 at a ¢ompound average rate of increase of almost 2.0 percent.

Slow economic recovery, coupled with significant increases in the price of electricity
expected through 1996, are expected to lead to relatively flat growth in demand over the
next several years. Over the longer term, however, strong population growth, coupled
with moderate declines in the price of electricity in the State, lead to a relatively strong
growth projection.

The principal sector affected by the DSM measures tested for the analysis is the
Vermont residential sector. Because natural gas is still only available in a small portion
of the State, growth in natural gas is constrained. Residential sales of natural gas are
projected to increase about 34 percent through 2010, representing a compound rate of 1.7
percent.

2. The Frozen Efficiency Baseline

The Frozen Efficiency baseline used in the energy modeling represents a special case
created for this analysis. In effect, this case circumvents the usual market processes that
are norma]ly intended to be captured through a model such as ENERGY2020. As such,
this scenario in effect interfered with the normal operations of the model as it was
designed. Consequently, special features had to be added to the model to enable it to
"short circuit” certain functions that normally operate within the model.

Results of the Frozen Efficiency Base Case scenario, however, closely resemble the

Market Potential baseline. This was perhaps to be expected, given the fact that real
prices in 2010 are projected to vary little from current price levels, despite near-term
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expected increases in demand discussed above. Under the Frozen Efficiency case, as in
the Market Potential case, electricity sales are projected to grow about 40 percent between
1993 and 2010.

Under the Frozen Efficiency case, sales of natural gas show an increase in demand of
almost 2 percent relative to the Market Potential baseline. A sensitivity to rising prices
under the Market Potential baseline accounts for the difference. In the Frozen Efficiency
baseline, as with the Market Potential case, the principal drivers of growth for both
electricity and natural gas are the underlying projections of population and economic
activity.

B. THE ACTION SCENARIOS

Due to the integrated nature of the economic decisions modeled in the ENERGY2020
model, the two action scenarios, Utility Incentives and Technology Forcing, depend on the
baseline assumptions. This differs from the California/District approach, in which the
baseline conditions were considered to be essentially stand-alone scenarios, and equally
likely futures, and in which such baseline conditions were not part of the decision process
(beyond current standards being kept for all scenarios). The integrated nature of the
Vermont model makes it necessary to always pair the two action cases with a baseline in
the tables and discussion that follow.

1. The Utility Incentives Case

Under the Utility Incentives case, the Vermont projections of electricity sales show a
marked decline from the base cases. As shown in Table VII-1, the Market Potential
baseline electricity sales under Utility Incentives for 2010 decline from 7,572 GWh to
7,041 GWh, or roughly a 7 percent drop. Relative to the Frozen Efficiency baseline, the
Utility Incentives case showed an even more significant drop in demand, to about 6,900
GWhs relative to the projections of demand equal to 7,570 GWh under the Frozen
Efficiency baseline.

The high demand response under the Utility Incentives scenario operating against the
Frozen Efficiency baseline versus the Market Potential baseline, upon closer review,
appears to be due to the definition of the Frozen Efficiency case as reflected in the
modified structure of the model. Under the cases using the Frozen Efficiency baseline,
device efficiency levels were selected to be the greater of prior year efficiency levels or the
efficiency of the DSM measures. As such, following the first year of DSM, the model
always chose the prior year’s marginal device efficiency levels. Such a feature probably
implied an unrealistically high rate of market transformation from limited term DSM
activities. (The rate would likely impress even utility DSM’s strongest proponents.)
Thus, the results from the Market Potential baseline are probably the most realistic for
Vermont.

Projections of demand for natural gas also showed significant declines under the
Utility Incentives scenario. With the Market Potential baseline, demand in the year 2010
was projected to fall below the Frozen Efficiency baseline, a result that could be expected
to follow from the current projections of rising gas prices in the model.
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Table VII-1
Vermont Residential Electricity Sales
under the Utility Incentives Scenario

(GWh/Year)
Year MP Baseline FE Baseline Ul vs MP ul le FE
1990 5,097 ’ 5,097 5,097 5,097
2000 6,201 6,209 5,785 5,782
2010 7,572 - 7,570 7,041 6,900

Key to column labels for all tables in this chapter:

MP Baseline = Market Potential baseline
FE Baseline = Frozen Efficiency baseline
Ui = Utility Incentives scenario
TF = Technology Forcing scenario

As with electricity, the total residential demand for electricity under the Utility
Incentives case using the Market Potential baseline declines from 29.75 MMtherms per
year to 26.75 MMtherms per year, as is shown in Table VII-2. Relative to the Frozen
Efficiency baseline, the Utility Incentives for natural gas case showed even more
significant declines were observed with demand falling from 30.39 to 24.76 MMtherms/
year. Again, the stronger DSM response of the Utility Incentives case under the Frozen
Efficiency baseline relative to the Market Potential baseline case was not expected, and

appears to signal some difficulty with the specifications of the Frozen Efficiency case
within the model.

Table VII-2 ‘
Vermont Residential Natural Gas Sales
under the Utility Incentives Scenario

(MMtherms/Year)
Year MP Baseline FE Baseline Ul vs MP Ul vs FE
1990 21.75 21.75 21.75 21.75
2000 26.08 26.10 24.65 23.55
2010 29.80 30.39 26.75 24.76

"Air emissions showed similar patterns of decline under the two scenarios. As shown
in Tables VII-3 and VII4, total NO, emissions from all energy sources statewide declined
under the Market Potential/Utitity #ncentives case and the Frozen Efficiency/Utility
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Incentives case 1.7 percent and 2.5 percent, respectively, while CO, emissions declined 2.2
percent and 4.6 percent, respectively, for the year 2010.

Table VII-3
Vermont NO, Emissions for the Utility Incentives Scenario
(Tons/Year)
Year MP Baseline FE Baseline Ul vs MP Ul vs FE
1990 18.13 18.13 18.13 18.13
2000 21.68 2170 21.44 21.31
2010 23.89 23.96 23.49 23.36
Table VIi-4
Vermont CO, Emissions for the Utility Incentives Scenario
(Tons/Year)
Year MP Baseline FE Baseline Ul vs MP Ul vs FE
1990 6,176 6,176 6,167 6,176
2000 7,470 7,492 7,375 7,296

2010 8,344 8,431 8,158 8,044

2. The Technology Forcing Cases

The Technology Forcing scenario resulted from the addition of a few other
technologies being screened into the model. As in the Utility Incentives scenario, most of
the savings occurred in the residential sector, since most of the technologies reviewed for
the project were in that sector.

Electricity sales reductions under the Technology Forcing cases, relative to the Utility
Incentives cases, were quite significant. Using the Market Potential baseline, relative to
the Utility Incentives scenario, electricity sales were reduced an additional 4 percent from
7,041 GWh to 6,764 GWh per year. The total reduction was approximately 11 percent
from the base projection of 7,672 GWh. Table VII-5 shows these results.
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Table VII-5
Vermont Residential Electricity Sales
under the Technology Forcing Scenario

(GWh/Year)
Year MP Baseline FE Baseline TF vs MP TF vs FE
1990 5,097 ' 5,097 5,097 5,097
2000 6,201 6,209 5,690 5,764
2010 ' 7,572 ot “ 7,570 6,764 ‘ 1 6,892 T

Projections of demand for natural gas also showed some decline under the Technology
Forcing scenario relative to the Utility Incentives scenario, although these differences
were quite small. This was to be expected, since only one additional technology was
selected to be included under the Technology Forcing scenario.

Residential demand for natural gas under the Technology Forcing case, relative to the
Market Potential baseline, declined from 29.80 MMtherms per year to 26.32 MMtherms
per year in 2010. Under the Frozen Efficiency baseline, slightly less significant declines
were observed, with demand falling from 30.39 to 26.51 MMtherms/year. The higher
demand for natural gas relative to the Utility Incentives case appears to be the result of
some fuel switching toward natural gas as a result of the higher electricity prices which
result from the more aggressive DSM activities in the electric sector.

Table VII-6
Vermont Residential Natural Gas Sales
under the Technology Forcing Scenario

(MMtherms/Year)
Year MP Baseline FE Baseline TF vs MP TF vs FE
1990 21.75 21.75 21.75 21.75
2000 26.08 26.10 24.02 24.44
2010 29.80 30.39 26.32 26.51

Air emissions showed similar patterns of decline under the two scenario with NO_
declining 1.8 percent and 2.5 percent respectively under the market case and the frozen
efficiency cases for the year 2010. Carbon dioxide emissions declined 2.4 percent and 4.5
percent, respectively, under the two scenarios in the year 2010; a pattern of decline
similar to that experienced under the Utility Incentives scenarios.
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Table VII-7
Vermont NO, Emissions for the Technology Forcing Scenario

(Tons/Year)
Year MP Baseline - FE Baseline Ul vs MP Ul vs FE
1990 18.13 18.13 18.13 18.13
2000 21.68 21.70 21.36 21.31
2010 23.89 23.96 23.46 23.37
Table VII-8
Vermont CO, Emissions for the Technology Forcing Scenario
(Tons/Year)
Year MP Baseline FE Baseline Ul vs MP Ul vs FE
1990 6,176 6,176 6,167 6,176
2000 7,470 ' 7,492 7,350 7,300
2010 8,344 8,431 8,147 8,051

C. OVERALL ENERGY DEMAND

Figures VII-1 through VII-4 show the electricity and natural gas demand projections
under the two baselines and two action scenarios. As these figures show, overall energy
demand for both fuels will rise over the next 17 years, regardless of the amount of DSM
activity.

D. SPECIAL PROBLEMS ENCOUNTERED

The Frozen Efficiency baseline was created especially for this project, while the
Market Potential baseline represented the pre-existing Vermont forecast of underlying
energy demand. As noted earlier, the Frozen Efficiency DSM savings scenarios, as
modeled, produced gains in efficiency that were unexpectedly large relative to the Market
Potential baseline. The action scenarios run off the Frozen Efficiency baseline implied
that marginal device efficiencies could be maintained at high levels created by the initial
year DSM stimulus, with no additional DSM activity from the utilities. This would
appear to exaggerate the potential for transforming the market through limited-term
DSM program activities. Future work on or use of the Frozen Efficiency baseline should
attempt to permit the market to return to the marginal efficiencies that would have
occurred in the absence of the DSM programes.
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The Vermont ENERGY 2020 model contains significant aggregation in certain sectors.
The commercial sector of the model does not separate grocery stores from commercial
office complexes or restaurants. Consequently, a review of the technologies that apply to
this sector could only be accomplished using aggregated measures across segments of the
commercial class. For projects like this one, such aggregation creates some additional
work by identifying costs and savings from DSM technologies that are generally specified
at a finer level specific to each commercial category. Aggregation may also have the effect
of screening in or out (via the TRC test) technologies that might otherwise fail or pass the
screen when reviewed in a more desegregated, subclass level. Nevertheless, for a small

‘State like Vermont such enhancements to the model present numerous data problems
that are likely to outweigh any gains made by enhancing the model in this manner.

The industrial sector presents problems for modeling DSM due to the somewhat site-
specific character of the facilities. Only one DSM measure, high-efficiency motors, was
selected in this sector and failed the TRC test, although it is widely recognized that the
sector as a whole in Vermont presents great potential for efficiency improvements and
that such high-efficiency motors do in fact screen in program design and implementation.
Again, aggregations would appear to be creating some difficulties for the model screening
procedure.

Capturing the effects of DSM measures when dual end uses are affected (such as
space heating and air conditioning in the residential sector) requires special care in both
technology screening for incentives and in modeling. The modeling of measures with
interactive effects within a particular end-use category presents similar concerns. In the
former case, special attention must be given to ensuring that all costs and savings are
reflected in the TRC screening and modeling. In the latter, it is necessary to screen each
technology as an increment to the technologies that have already been screened into the
portfolio of technologies.
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ACEEE
BAU
BDR
BEPS
BGP
CAA
CDD
CEC
¢/kWh
Cco
Co,
CSC
CSE
CSP
DOE
DSM
EER
EPA
EPRI
ESC
EUI
ft?
GWh
HDD
HVAC
IPM
LADWP
LBL
LIEF
LPG
MAA
MP
NAECA
NERC
NO,

- OTA

P
PUC
quads
RECS
REMI
RIM
SCAQMD
SCE
SCG
SIC
SO,

ABBREVIATIONS AND ACRONYMS

American Council for an Energy-Efficient Economy
Business-as-Usual

Behavioral Discount Rate ,
Building Energy Performance Standards
Burbank, Glendale, and Pasadena
Clean Air Act

cooling degree-day

California Energy Commission

cents per kilowatt hour

carbon monoxide

carbon dioxide

conservation supply curve

cost of saved energy

cost of saved power

U.S. Department of Energy
Demand-Side Management

Energy Efficiency Ratio

U.S. Environmental Protection Agency

~ Electric Power Research Instltute

energy service class

energy use 1nben51ty

cubic feet

gigawatt hour -

heating degree-day

heating, ventilation, and air conditioning
Integrated Planning Model

Los Angeles Department of Water and Power
Lawrence Berkeley Laboratories

Long-Term Industrial Energy Forecastmg
liquid petroleum gas

measure annual availability

Market Potential Baseline

National Appliance Energy Conservation Act of 1987
National Electric Reliability Council

oxides of nitrogen

Office of Technology Assessment

Participant

Public Utilities Commission

quadrillion Btu

Residential Energy Consumption Survey
Regional Economics Model, Inc.

Rate Impact Measure

South Coast Air Quality Management District
Southern California Edison

Southern California Gas Company

Standard Industrial Classification

sulfur oxides
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ABBREVIATIONS AND ACRONYMS (continued)

T&D transmission and distribution
TES " total energy savings

TEU total energy use

TRC Total Resource Cost

TSP total suspended particulates
U Utility

UEC unit of energy consumption
VOCs volatile organic compounds
VSD variable speed drive

$/kWh dollars per kilowatt-hour
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APPENDIX A
DISCOUNT RATES USED IN THE ANALYSIS

A. DEFINITIONS

The project required assumptions abouf several types of discount rates which fell into
four categories:

utility discount rates;
e participant (t;he DSM measure consumer) market rates;

e  participant "behavioral" discount rates, reflecting their propensity to
participate in DSM/conservation programs; and

» societal discount rates, for prioritizing and selecting among DSM programs
using the TRC test.

The definition and treatment of each of these are discussed below.

1. Utility Discount Rates

These rates should reflect expected returns on private capital and are nominally tied
to rates of market instruments such as treasury bills, but are assumed to be higher by a
fixed amount to reflect presumed project risk. In recent (1992) work using their
COMPASS model, SCE used, with apparent California Public Utilities Commission
(CPUC) approval, a flat 11.1 percent (nominal) rate for all discount rates, including
societal. At current inflation rates, this would be approximately a 7 percent to 8 percent
real discount.

For evaluation of Federal legislation involving utility pollution control expenditures,
Pechan has typically used 6 percent real discount rates. For instance, 6 percent real was
used in work related to regulations promulgated under the Clean Air Act Amendments of
1990 (CAAA) for determining present value of private and government cash flows for
electric utility regulatory analysis, with approval from the U.S. Congress’ Office of
Technology (OTA) and the U.S. Environmental Protection Agency (EPA). |

2. Participant’s Market Discount Rates
The DSM measure participant’s (which could be an individual making decisions about

residential measures, or a commercial or industrial energy user) discount rate is based on
the consumer’s cost of money, considered to be tied roughly to interest rates and savings
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or short debt instrument yields. In current (12/92) market conditions this could range
from a 3 percent money market rate up to 20-plus percent cost of consumer debt, in
nominal terms. Some market penetration studies add a factor to the high end of
consumer debt rates representing external market inertia, and use this rate for market
penetration.

3. Participant’s "Behavioral” Discount Rate

Energy-saving market behavior involves decisions which require comparison of the
value of current cash versus (possibly somewhat uncertain) future savings. Observation
of these choices show that people have a very high "inherent"” or "behavioral” discount rate
(BDR), especially the low income residential sector, when polled as to their actual
indifference level between cash on hand and possible future cash influx (or, equivalently,
avoided outflows). The BDR is essentially a numeric result of consumer research,
describing consumer behavior, rather than a market interest rate.

Included in the value of BDR are the consumer’s market interest rates. In addition,
there are components of risk, fear of losing in the transaction, real and surmised
transaction hassles, access to information, and the consumer’s ability to analyze the
merits of the transaction. Observed values of the behavioral discount rate have been
found in studies to vary widely across markets, but to be reasonably correlated (at least in
the residential sector) with disposable income. For the residential energy using appliance
market, the behavioral discount rate has been found to be between 5 percent and 100
percent, with an average in the 20 percent to 25 percent range (nominal). For very low
income groups, the rate has been found to be well be over 100 percent, however.

While assumed values of this discount rate are used in some DSM models for
estimating long-run market share, and are an option in the COMPASS model, the
California DSM model developed for this study opted to use simple payback (in years)
instead of a discount rate in its calculations, an essentially similar yet simpler
assumption, and according to SCE, more realistic in terms of reflecting actual consumer
behavior when selecting energy saving technologies. In essence, simple payback and the
BDR are related. A 1-year simple payback would correspond to a 100 percent nominal
BDR, for instance.

Due to the difficulties in defining this rate, many utilities are opting to define the
BDR in terms of simple payback. In their COMPASS model, used for their DSM filings
with the PUC, SCE has adopted this method, developing a simple payback/market share
table for each program/market combination, which are used with other market
segmentation parameters such as "percent unwilling” to estimate market share.

4. Societal Discount Rate

This is the rate that should be used by regulatory agencies to gauge the relative value
of public projects involving long delays in benefits or costs, perhaps bridging generations,
compared to current cash outlays such as welfare benefits, road repair, or teacher salary
increases.

The societal discount rate has been highly politicized, especially during the energy
crisis. Conservatives in general have preferred it to be set relatively high, thus
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discouraging spending projects involving long payback periods. Advocates of large-scale
public projects would prefer it to be set lower, thus increasing the present value of the
possible benefits of long-term, capital-intensive projects.

Most academic studies would set the societal discount rate lower than the market
(producer’s or consumer’s) rate, due to complex interactions of government, business,
current consumers, and inter-generational liabilities. A major study’ in 1982 seemed to
place the "reasonable range"” between 2 percent and 4.6 percent real discount for most
public projects.

B. DISCOUNT RATES COMMONLY USED FOR DSM ANALYSIS

The Standard Practice Manual, a joint product of CPUC and CEC, contains guidelines
for economic analysis of DSM programs and explicit formulae for testing DSM measures,
including the Participant’s Test, Utility Test, and the Total Resource Cost/Societal test. It
does not give explicit guidelines for what discount rates to use, however, or determine
whether different rates can/should be considered for each affected group under the tests.
One of the authors of the manual (Don Schwartz, CEC) said that the rates shown in Table |
A-1 have been used for recent PUC work in California. ‘

Table A-1
Discount Rates Used in Recent California DSM Analysis

Interested Party Nominal (%) Real (%)
Participants ... 20 16
Utility 10.5-12.5 6.5-8.5
Society 7-10 3-6

None of the screening tests of the California Standard Practice Manual (even the
Participant’s test) is used to model market share in the models investigated for this study.
Instead, they are used to help prioritize the measures within utility DSM plans, for which
the utilities have applied to recover costs.

C. DISCOUNT RATES SELECTED FOR THE STUDY

After an extensive review of the literature and discussion with several organizations
with recent experience in DSM discount rate practice, the rates shown in Table A-2 were
selected for the project scenarios.

!R. Lind (ed) et al., "Discounting for Time and Risk in Energy Policy," Resources for the Future,
Washington, DC, 1982,
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Table A-2
Study Discount Rates

Discount Rates
Scenario Interested Group | Nominal Real ’
Low rates (Utility Incentives and *~ | Participants 14.13 10
Technology Forcing scenarios) Utility 10.13
Society 6.13 2
High rates (Frozen Efficiency and | Participants 39.13 35
Market Potential scenarios) Utility 1013 . 6
Society 14.13 10
Mid-range rates (not used) Participants 2413 20
Utility 10.13 6
Society 7.13 3

Note that the BAU base case was assumed to use a high real discount rate of 10
percent for TRC technology selection, whereas both of the action scenarios used a low 2
percent real social rate. The high 10 percent BAU rate was considered to be the observed
current rate used to value future DSM measure societal impact, as expressed by project
participants. An initial project goal was to investigate the impact of low social discount
rates on DSM/conservation decisions, so both of the other scenarios used a 2 percent real
discount rate, which is at the low end of the scale of the Lind discussion of the subject.

The Participant rates were specified for use in the models’ market penetration

algorithms, if required. The difference between real and nominal rates in the table is a
constant 4.13 percent, which is the 1982 to 1991 average inflation rate.
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APPENDIX B
TOTAL RESOURCE COST CALCULATION METHODOLOGY

The scenarios developed for the project required the screening of technologles using
the TRC/societal test. For the Incentives and Technology Forcing scenarios, the TRCs
were calculated using a (low) real discount rate of 2 percent. For California, part of the -
test calculation was performed in the spreadsheet model. This appendix describes in
detail how these TRC calculations were performed.

A. BASIC EQUATION FOR TRC CALCULATION

As calculated and used in the analysis, TRC tests are benefit/cost ratios in which the
numerator is the annualized sum of the. utility and social avoided costs, and the
denominator is the annualized sum of all net costs to all parties (participants, non-
participants, utilities, and society) of the measure. The costs specifically exclude any
transfer costs, like utility buydowns or tax incentives, which are deemed to be only equity
transfers. Utility DSM administrative costs are included, however, since the program
activities of the utility DSM measures add to total costs in the societal sense.

To ease the modeling burden, the TRCs were developed by calculating all-inclusive
multipliers for electrical and natural gas energy savings and electrical peak-load savings,
which were then used in the District model spreadsheet to give on-line calculation of the
TRC as a quotient of annualized benefits to annualized measure cost, as shown in the
following equation:

TRC(K) -, xsvkwh(k) xtapvel + xsvid(k)*tapvid + xsvng(k)*tapvng
AC(K) * crfac(dML(k))

d
cn%c(d,ML(k))-m
where:
d = real discount rate (2 perceﬁt and 10 percent for this study)
AC(K) = incremental cost of DSM measure k
xsvkwh(k) = electricity savings of DSM measure (kWh)
xsvid(k) = electricity load savings of DSM measure (MW)
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xsvng(k)

tapvel

tapvld

tapvng

crfac(d,ML(k))

natural gas savings of DSM measure (therms)

=  total annualized present value (pv) of avoided cost of electricity
including environmental externality costs ($/kWh)

total annualized avoided cost of system peak power capacity
($/kW-yr)

=  total annualized avoided cost of natural gas including’
environmental externalities ($/therm)

capital recovery factor at real discount rate d for measure life
ML(k)

The three multipliers in the numerator of the equation, tapvel, tapvld, and tapvng,
were the major parameters used in the District spreadsheet. They represent inclusive
annualized effects of energy, load, and externalities. The present value of the benefits
(avoided costs) are calculated for an estimate of a planning horizon of utilities, assumed to
be 20 years for the project. This is illustrated in the following equations:

where:

apvel

apvnxel

apvc2el

- apvng
apvnxng

apvc2ng

tapvel - apvel + apvnxel + apvc2el
tapvng - apvng + apvnxng + apvc2ng

annualized avoided cost of electricity ($/kWh), in which the
annualization years are the planning horizon of the utility, assumed
to be 20 years

annualized avoided cost of NO, damage at generating stations
($’kWh)

annualized avoided cost of CO, damage at generating stations
($/kWh) ‘

annualized avoided cost of natural gas ($/therm)
annualized avoided cost of NO, damage at ng burn sites ($/therm)

annualized avoided cost of CO, damage at ng burn sites ($/therm)

The present value of costs are almost always just the first-year actual out-of-pocket
costs, plus administrative overhead if a utility measure is involved; however, if unusual
levels of ongoing maintenance is involved, such as in cleaning solar collectors, the cost
must include the present value of the net measure O&M, the difference from the base
technology’s expected O&M.



The avoided cost multipliers used for the California/District are shown in Table B-1
below. '

Table B-1 _;
Annualized Avoided Cost Multipliers Used For California/District TRCs %

Real Discount

Benefit Multiplier Units 2% : 10%

tapvel $/kwh, - 0.065 0.067
tapvid $/kw 55.650 49.590
tapvng $/therm 0.483 0.526

Tables B-2 and B-3 show the details of how the multipliers were developed, and the
underlying avoided cost and emissions rate data. The methodology employed involved
calculation of the present value of 20-year time-series of several key variables, as
illustrated in the next section.

B. AVOIDED COST CALCULATIONS

For the TRC calculation, benefits are calculated as avoided costs of production and
distribution of electrical energy, peak load power (e.g., delayed construction of generating
stations which would otherwise, if not for adoption of the measure, be required to meet
expected load), avoided natural gas production and burning, and avoided emissions
damage at generating stations and at natural gas burning sites. To estimate these values
for the District, 20-year (minimum) time-series of avoided energy and load costs were
developed, mostly from publicly available utility PUC filings. SCE developed avoided cost
projections for electrical energy and load for 1991 DSM program filings which were
adopted for the project. Due to the stringent NO, regulations which have been recently
promulgated for the District, SCE’s existing natural gas-burning plants are expected to
control to a very low NO, level, approximately 0.21 1b/MWh by 2005, a fact which
dramatically lowers the value of DSM emissions reduction benefit. Natural gas prices
were estimated to increase at a real 0.5 percent growth rate.

Avoided emissions benefits may be based either on avoided abatement costs at the
source or estimates of damage to health and property. These estimates vary by region
and depend on local air quality and political considerations. For instance, in recent
published work, California used NO, damage costs of $24,500 per ton in 1990 dollars,
whereas Vermont has used a (wide) range from $250 to $27,500 per ton for its analysis.
For the District spreadsheet, only the NO, and CO, values from Table B4 were used in
this analysis.
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Table B-2

Annualized Present Value Multipliers for TRC (Societal) Tests

State: CALIFORNIA
Discount rate: 2 percent (real)
1992 dollars, 20-year annualization period

Units Value
Electric Energy Effects
Avoided electricity generation $ per kWh per year avoided 0.054
Avoided NO, emissions at generating stations $ per kWh per year avoided 0.006
Avoided CO, emissions at generating stations $ per kWh per year avoided 0.005
Total kWh effects: $ per kWh per year avoided 0.065
Electric Load Effects
Total avoided electric load $ per kW (at peak) avoided 55.65
Fossil Fuel Burn Effects 4
Avoided natural gas burn at end use site $ per therm not bumed 0.299
Avoided natural gas NO, emissions at end use site $ per therm not burmed 0.133
Avoided natural gas CO, emissions at end use site $ per therm not burned 0.051
Total avoided natural gas effects: $ per therm not burned 0.483

Assumptions:

Emissions damage abatement costs ($/ton): - NO,:26618 CO,:8.4
Natural gas emissions (Ibs/therm): ‘ NO,:0.00970 CO,:11.9

T&D losses: . 7.7 percent
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Table B-3

Annualized Present Value Multipliers for TRC (Societal) Tests

State: CALIFORNIA
Discount rate: 10 percent (real)
1992 dollars, 20-year annualization period

Units Value
Electric Energy Effects
Avoided electricity generation $ per kWh per year avoided 0.054
Avoided NO, emissions at generating stations $ per kWh per year avoided 0.008 " -
Avoided CO, emissions at generating stations $ per kWh per year avoided 0.005
Total kWh effects: ' $ per kWh per year avoided 0.067
Electric Load Eftects
Total avoided electric load $ per kW (at peak) avoided 49.59
Fossil Fuel Burn Effects .
Avoided natural gas burn at end use site $ per therm not burned 0.324
Avoided natural gas NO, emissions at end use site $ per therm not burned 0.145
Avoided natural gas CO, emissions at end use site $ per therm not burned 0.056
Total avoided natural gas effects: $ per therm not burned 0.526

Assumptions:

Emissions damage abatement costs ($/ton): . NO,:26618 CO,:8.4

Natural gas emissions (lbs/therm):

NO,:0.00970 CO,:11.9

T&D losses: * 7.7 percent
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Table B4
Avoided Emissions Benefits

Pollutant - $/Ton Avoided (1992 dollars)
NO, 26,618

SO, 14,375

PM : 9,750

ROG 4,125

Co, 8.4 (assumed)

Benefits were developed for the project in terms of three types of avoided costs:
energy (kWh), load (kW), and emissions ($/ton). Emissions avoided abatement/damage
benefits attributed to DSM in the TRC calculations were limited to NO, and CO,; the
other three pollutants (particulate matter, ROG, and SO,) are considered to have
extremely low avoidance benefit due to the relatively low utility and customer-site
emissions rates. Natural gas, kWh, load (kW) and emissions benefits are assumed to
occur throughout an assumed 20-year utility planning horizon, and are discounted
accordingly, at an assumed 2 percent or 10 percent real rate. Where nominal (inflated)
prices are used in the underlying projections of energy or avoided costs, these were
deflated to real 1992 dollars using an assumed 4.13 percent inflation rate, prior to
discounting in real terms. Table B-5 shows the time-series cost and emissions rate data
and the major calculations performed in developing the avoided cost multipliers.

C. SAMPLE TRC CALCULATION

In order to demonstrate the TRC/societal test calculation methodology, a single
technology/measure was selected: T-8 lamps and electronic ballasts in the commercial
sector, replacing standard fluorescent bulbs, and operating 3,000 hours per year.

Table B-6 shows the baseline data and calculations involved in the TRC/societal test
example. As the table shows, measure costs all occur in the first year, and are calculated
as an incremental cost to all parties for the new measure. The new fixtures cost $55.50,
versus an avoided old cost of $42.50 for the standard fixture, for an incremental cost
difference of $13. This was assumed to be bought-down with a 40 percent utility
incentive, or 0.4 * 13 = $5.20, plus an assumed first-year (or present value) total utility
DSM measure administrative fee of 25 percent of the incentive costs, or $1.30, plus the
out-of-pocket remainder from the user of 0.6 * 13= $7.80, resulting in a net incremental
cost (to society) of $14.30.
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Table B-6
Sample TRC Test Variable Definitions and Results

Description

Value Comment/formula
Environmental benefit, NO,, $/ton avoided 26,616 project assumption
Environmental benefit, CO,, $/ton avoided 8.4 project assumption
Base replacement technology cost, $ 425
New technology cost, $ 55.5
Existing life, hours 45,000
New life, hours 45,000
Existing efficiency 85 nominal
New efficiency 100 +15% efficiency
Incentive buydown fraction for DSM measure 0.4
Administrative cost fraction of incentive 0.25
Incremental cost 14.30 add 25% of 40% utility buydown
Existing total watts 148
Use per year, hours 3,000
Existing energy use, kWh/year 444 exwatts*usepy/1000
T&D Losses ‘ 0.07
Savings, energy, kWh/year 71.61 exkwh*(1-exeff/nweff)/(1-tdloss)
Load savings, summer peak (CA), kW 0.0083  71.61 * 966/8355000 (SCE data)
Discount rate (nominal) ) 0.0613 2 % real
Inflation rate 0.0413
Technology life, years 15 .
Capital recovery factor for technology cost 0.0778 15 years at 2 % real
Annualization period for avoided costs, years 20
Capital recovery factor for avoided cost 0.0612 20 years at 2 % real
Annualized avd’d cost, load $/kW ($/measure) 55.65
Annualized avd’d cost, elec energy, $kWh 0.054
($/measure)
Annualized avd’d NO, emissions, $/kWh 0.006
($/measure)
Annualized avd’d CO, emissions, $/kWh 0.005
Total annualized avd’d electricity cost including 0.065
environmental, $/kWh
Annualized total cost ($/measure) 1.11 0.0778 * 14.3
Annualized total benefit ($/measure) 5.12 71.61*0.065 + 55.65*0.0083
TRC/societal benefit/cost ratio 4.61

10o0r highér is acceptable

NOTES: Measure benefits are based on net generation savings of 71.61 kWh per year electrical energy savings at
0.054 $/kWh avoided for electricity generated, 0.0083 kW of avoided peak load at $55.65 per year per kW
avoided, avoided kWh savings of 0.054 $/kWh for electricity, plus 0.006 and 0.005 $/kWh for avoided NO,
and CO,, or a total annualized benefit of $5.12. The benefit/cost ratio result of 4.61 shows the technology to

be highly cost-effective.
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APPENDIX C
MARKET PENETRATION, DIFFUSION, AND ADOPTION
METHODOLOGY FOR THE CALIFORNIA/DISTRICT REGION

A. BACKGROUND

This appendix describes the methodology employed in the California/District region
spreadsheet model for estimating market penetration of technologies. It was developed as
a simplified hybrid of approaches used by several models surveyed for the project. The
underlying technology for the market penetration and diffusion S-curve equations,
however, are attributable to Lawrence and Lawton (1981)'. This methodology may be
used as a simple estimating procedure for a region, should more accurate, recent
statistical information on the market penetration of energy saving technologies not be
available. :

In reviewing several DSM market penetration rate reports, it seems clear that most
models of market penetration of energy saving technologies, if used without adjustment
factors, create optimistically high estimates of a technology’s penetration. Residential
incentive-oriented DSM programs, like the ones surveyed for this study’s residential
measures, were reported by EPRI in 1988 to have average annual participation rates of
5.5 percent across the utilities surveyed, with a maximum of 59 percent. However, the
median annual rate was much less: half of the programs had annual participation rates
of less than 1 percent’. Among the data submitted by utilities on DSM markets, there
were major problems with defining the term "annual penetration rate." For instance,
some utilities included residences which were not feasible for the measure (like homes
without access to natural gas service for gas measures) in the candidate universe, which
is the denominator, or the rate fraction. Treatment of pre-existing and/or natural
saturation levels for measures was also not uniform among the reporting utilities. Even
so, the annual rates were generally low, even for measures which seem like clear winners.
Behavioral characteristics such as perceived external costs, unforeseen maintenance
hassles, and fear of being cheated are not adequately accounted for, as can be seen from
the poor market record of the DSM programs. A factor that is widely acknowledged to be
highly significant is the degree of personal-contact marketing, such as door-to-door
advertising or focused telemarketing, especially if conducted by the utility. The prolific
use by modelers of adjustments to the feasible market such as percent unwilling factors
inherently acknowledge these difficulties in modeling market behavior.

!K.D. Lawrence and W.H. Lawton, "Applications of Diffusion Model: Some Emperical Results,"
Chapter 22, New Product Forecasting, Lexington, MA, 1981,

21.. Berry, "The Market Penetration of Energy-Efficiency Programs,” Oak Ridge National
Laboratory, DE90-011295, April 1990.
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The only information generally available to the policy analyst is the quantifiable
elements of the energy-saving technology’s cost and efficiency. In the absence of
extremely expensive and time-consuming consumer acceptance research, such data
represent the only information available to be used to estimate market penetration.
Given this uncertainty, and the likelihood that study resources will be constrained, a
simple methodology such as the one used here for the California/District will give
reasonable results while representing a reasonable, proven starting point toward
development of a more accurate system for State or regulatory agency DSM/conservation
policy analysis, should resources later become allocated.

B. MARKET PENETRATION AND DIFFUSION METHODOLOGY

Figure C-1 shows the model curves of long-term market share, versus simple payback
in years, for three residential measure classes. Figure C-2 shows the model that may be
used for all commercial and industrial decisions. The curves give estimates of long-term
market share, given a calculation of simple payback, for the user’s cash outlay versus
energy savings return.

As can be seen from Figure C-1, residential customers are assumed to require a
shorter payback for appliances, but will tolerate a much longer payback for space heating
and cooling (HVAC) technologies. Other measures, like water heating and lighting, will
fall in the "other" category, or between these two sectors in terms of required payback.
Commercial and industrial customers are willing to extend the payback to time periods
similar to the residential HVAC market decisions, and can be estimated more reliably
(according to the literature), so a single curve should suffice to estimate the long-term
share, as shown in Figure C-2. The equations for developing the curves are shown in
Equation C-1.

Equation C-1: Market Penetration Formula

Fort =0t t - MX:

¥ = — YO long-term market share(fraction),
(1 + @A)
Jor payback t years

where:
¥0) ¥(0)
In(-—= -1) -In(=*= -1
5. ( P ) ( D) )
In(P)

n@ -
4 - exp— X0
Fort - MX to t -~ MX+1:
Y = y(MX) * (MX+1-9)
tPMX € years,
y(*) a dimensionless fraction
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In these equations, y(1), p, y(p), and MX are the major constants. y(1) is the market
penetration for a 1-year payback, MX is 1 year less than the maximum payback, in years.
p and y(p) represent a "tie point,” or observed point on the model curve, where y(p) is the
market penetration rate for a payback of p years.

The coefficients for the equations for each of the four curves are shown in Table C-1.

Table C-1
Market Penetration Model Coefficients
Market
penetration .- Yvalue Maximum
for Tie point of tie payback Value of
1 yoar payback, point, (loss 1 maximum Equation Equation
payback yoars percont yoar) payback coefficient coefficient

Sector . End Use Y(1) P Y() MX Y(MX) A B
Commercial & All 86.87 5.0 15.66 8.5 541 0.4270 2.220
Industriat
Residential HVAC 98.00 10.0 115 10.0 15 0.2208 2.576
Residential Appliances 927 4.0 . 5.91 4.0 5.91 0.5150 3.834
Residential All other 95.3 5.0 23.1 10.0 4.67 0.3167 2.6172

In practice, a "percent unwilling" is used as a judgement factor to give a final "reality
adjustment” to the results implied by these curves; additionally, a diffusion methodology
must accompany the long-term market penetration estimate, as outlined in the next
section.

The market equations developed above give only a rough indication of the ultimate
market share. They do not indicate how fast the penetration may (will) occur. In the
energy-efficient technology market, such penetration rates are typically estimated to be
between 6 and 20 years, depending on the novelty, advertising, and consumer payback of
the technology. To estimate this rate of market penetration to the ultimate market share,
a "diffusion” curve may be used. This could be simply a straight line, achieving the
ultimate market share in "x" years. In most of the models reviewed, such as COMPASS,
ENERGY2020, and some U.S. Department of Energy (DOE) models, an S-shaped diffusion
curve is employed to represent this market inertia, as in Equation C-2. There are two
parameters in this equation, S and R, signifying diffusion shape (S) and rate (R). Figures
C-3 and C-4 show how the shape of the diffusion curves represented by this equation will
change with variations in these parameters. For the California/District analysis, a rate
parameter of S = 0.1 was used. R, the rate parameter, was then calculated from long-run
market share and MX, which was assumed to be 12 years in all sectors. While not
explicitly done for the project, the R and S parameters could have been used for scenario
specification purposes, signifying a faster or slower rate of attainment of market
penetration, perhaps depending on advertising or other forms of information
dissemination. In any case, it must be pointed out that diffusion only affects the near-
term years’ results. The long-term market share is assumed to be attained after MX
years.
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Eguation C-2: Diffusion Formulae

For t = 0 to t = maximum diffusion time:

1+8

- -8
(1 + (S)*e™®)

Q)

where:
Q) - cumulative fraction adopting the technology by time t
S = curve shape parameter
R - diffusion rate parameter

In practice, the market penetration and diffusion calculations for each technology are
made in several steps. For example, assume the technology is an HVAC unit with a
simple payback of 2.0 years, years-to-attain is 12, and the diffusion curve shape
parameter SS is 0.1. The diffusion vector giving market share by year is calculated by the
following steps:

1. Calculate simple payback, SP (assumed to be 2.0 years).

2. Look up long-run market share curve coefficients A and B from table C-1:
A = 0.2208 and B = 0.2576, for the example.

‘ 3. Calculate LRMS using Equation C-1 with A and B; i.e.
LRMS = 1/(1+(A*SP)®) = 1/(1+(.2208*2)*5™) =89
4. Assume diffusion shape parameter is 0.1; calculate RR from MX, the desired
years-to-attain, and LRMS, as in Equation C-2; i.e. first calculate the rate
parameter RR:
RR = -In(S*(1-LRMS)/(S+LRMS))/12 = 4.5/12 = 0.375

5 Calculate the long-run market share vector for years 1 to MX, as in the above
equation.

Q) = (1+8S9)/(1+(1/8S)e™™) - S

These calculations lead to the Q(t) values in Table C-2.
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Table C-2
Yearly Market Share

t year Q)
1 1991 0.040
2 1992 0.092
3 1993 0.159
4 1994 - 0.240
5 1995 0.334
6 1996 _ 0.436
7 1997 0.538
8 1998 0.634
9 1999 0.720
10 2000 0.791
1 2001 0.847
12 2002 0.890
13 2003 0.890
14 2004 0.890
15 2005 0.890

C. CANDIDATE STOCK AND MEASURE ADOPTION

After calculating each technology’s long-run market share using its simple payback,
represented by its cost and energy savings, and the diffused annual market share,
measure adoption rates within the sector/competitive class, and the resulting energy and
emissions effects must be finalized. In the spreadsheet model for California, all units are
assumed to be is some sense "in the market,” no matter how large the payback period nor
small the resulting long-run market share. Low probability technologies will change the
results very little, and this method in fact is more realistic, since prototype models of new
units are often brought to market under special discounts not known to the model.

The supply curve aggregation procedure, in which a technology’s costs and benefits
are adjusted to be only the incremental values adding to the totality of technologies
higher in value on the supply curve, also greatly diminish the likelihood of double-
counting. ‘

The yearly market share only affects the candidate stocks that have been exposed to
adoption decisions, either in the current year or in prior years. Calculation of these
candidate stock levels is the final step of the process.

There are two completely different classes of stock replacement candidates: existing
(both for retrofit prior to burnout and replace on burnout (r-0-b); and new (due to absolute
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stock growth plus replacement of demolished units). In the equations below, these two
stock time-series are called CNWDRA(t), for "cumulative new plus demolished unit
replacement adoption candidates by year t,” and CEXA(t) for "cumulative existing r-o-b
and retrofit unit adoption candidates by year t." In general, both of these candidate stock
groups grow over time, the existing to cover all of the non-demolished units, and the new
to replace the demolished units plus new growth. Figure C-5 shows how this market
segmentation for adoption is conceptually processed.

In practice, building stock growth (not including demolition replacement), and the
rate of demolished units may be given by the utility data either in terms of rates from a
base or explicit data entries. For the SCE existing residential building stock for instance,
both the growth and demolished fractions were hand-entered data points, with less
growth in near years than later in the period. The r-o-b rate was calculated using what -
appears to be a standard method: the reciprocal of measure life in years - 1/ML(Kk).
Instead of adopting individual retrofit (prior-to-burnout) rates, a multiple of the r-o-b rate
was applied, considered to be 0.5, or 50 percent of the r-o-b rate for many technologies.

1. Numeric Example of Adoption Procedure

Suppose there are 100,000 initial households considering the purchase/replacement of
a technology of life 10 years, subject to the rates of growth, demolition, r-o-b, and retrofit
rates, as shown below. (Positive values represent for growth and negative represent
decay):

rgr = 0.027 = total rate of growth from base year (not including demolition
replacement)

rdr = -0.015 = demolition rate, fraction

rrob = 0.10 = -1/life = replace on burnout rate

rrt = -0.0626 = retrofit rate (which may be expressed as a fraction of r-o-b rate

instead, as in the model).

Figure C-6 shows the two cumulative stock growth sums CNWDRA and CEXA for the
growth/decay/retrofit/r-o-b factors above. These totals may be multiplied by "adjusted"”
UEC, for applicability, feasibility, and number of units and the yearly market share
fraction YMS(t) to give net adoption (and/or savings) in energy units, as is done in the
model.

If all of the growth factors were exponential, instead of being table look-up fractions,
the equations would be as shown in Equation C-3.
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Equation C-3: Cumulative New and Demolition Replacement Candidates

(Note: This includes all new units, including coverage for both growth and replacement of
demolished units.)

CNWDRA() = X(0) * (e *9 - ¥ =9

Where X(0) is the beginning year existing stock. This calculation is done in the model by
subtracting the undemolished existing units from the grand total stock with growth to
give the "new" cumulative candidate adopters.

Equation C4: Cumulative Existing Adopters

(These are the cumulative old existing stock, excluding demolished units, which are
assumed to have been retrofitted or replaced on burnout at time t.)

CEX(®) = X(0) = e(rﬂr ) _ X(Q) * e(ldﬂ-lmb+no-¢

=X(0) * €™ * 9 & (1 - elmbm)
In this case, the "base" is X(0) * e, which is the undemolished old existing stock, upon
which the rrob and rrt decay rates are applied.

For the 100,000 initial households of the example, the cumulative adoption candidates
after 13 years would be:

CNWDRA(13) = 100000 * (e%"18 . e"°15'1‘f)

= 100000 * (1.42048 - .8228) = 59,768 new households
CEXA = 100000*e015"13% (1 ¢-1-0626°13)
= 100000*.8228 *(1 - .12078) = 72,342 existing adopters through

r-o-b or retrofit
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APPENDIX D
DSM MODEL ASSESSMENT

A. OVERVIEW

This appendix outlines an assessment of currently available DSM modeling systems
acquired and investigated by Pechan as an interim milestone of the project. The models
vary widely in coverage, purpose, and development resources, ranging from well-
documented commercial software packages to spreadsheet fragments.

The final decision on which modeling systems to use for the project (ENERGY2020 for
Vermont and a new spreadsheet model for SCAQMD) was made largely on the basis of
project resources and system and/or data availability. It should therefore be noted that
these choices should not be taken as a recommendation by Pechan or project staff as to

the approach to be taken on future DSM analyses which might have different goals and/or
resources.

Table D-1 describes some of the relevant information on system structure, ownership,
language, and resources for each of the systems investigated. The sections that follow
contain information and commentary on the structure and applicability of these systems
to DSM/conservation policy analysis for States and regional regulatory agencies.

In addition to the systems in Table D-1, several other DSM systems were available
but were not investigated for the project due to lack of resources or difficulty in accessing
information on them. These include the following systems:

e  The Northeast Region Demand-Side Management Data Exchange (NORDAX)
collection of DSM data bases and programs - Since Synergic Resources
Corporation (SRC) was the technical consultant on the NORDAX system
development, the COMPASS model may be considered to include the
technology of the NORDAX system, possibly in a more up-to-date format.

e XENERGY Corporation DSM/Assyst programs and data bases -- While some
DSM data files developed by XENERGY were made available to the project
by SCE, no documentation or prototype copies of DSM/Assyst were obtained
in time for in-depth assessment.

e  The Electric Power Research Institute (EPRI) DSM programs and data

bases, for the residential (REEPS), commercial (COMMEND), and industrial
(INDEPTH/ERG) sectors.
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Table D-1

DSM Models Investigated

System

Contact

Hardware, Language, and/or Structure

California Energy
Commission (CEC)
DSM analysis system

Michael Messenger
California Energy Commission
Sacramento, CA

EXCEL

(spreadsheet 916-654-1563
fragments).
COMPASS Synergic Resources- - IBM PC-based. Source code is not
Corporation provided and unknown.
Bala Cynwyd, PA
Dilip LeMaye,President
215-667-2160
DOE Market {by SAIC, Inc) IBM PC-based in Lotus 1-2-3,
Penetration Models Todd Burski, DOE/EIA Release 3.0
for Renewable Fuels 202-586-2313

(for Geothermal Heat
Pumps, Residential
Rooftop Photovoltaics,
and Active and
Passive Solar
Technologies).

ENERGY2020

Systematic Solutions, Inc.
Vandalia, OH

Dr. Jeff Amlin, President
513-890-0527 or o
Policy Analysis Corporation
Dr. George Backus, President
612-257-5609

IBM PC-based. Requires the PROMULA
language compiler (about $1495 in
12/92).

San Diego Gas and
Electric Company’s
DSM system

Rob Rubin

SDG&E, San Diego, CA
619-696-4822, or

Fred Siebold

Regional Economic Research,
Inc.

San Diego, CA

619-481-0081

Mainframe SAS

EPA Region IV
(Atlanta) CO,
Emission Reduction
Scenario Generator
{DSM emissions
model)

Cory Berish

EPA Region IV, Atlanta, GA
404-347-7109, or

Joffray S. Tiller, President
Southface Energy Institute
Atlanta, GA

404-525-7657

IBM PC-based, Lotus 1-2-3




B. DESCRIPTION OF MODELS INVESTIGATED
1. ENERGY2020
a. History

ENERGY2020 is a relatively large, full supply/demand/conversion energy and
environmental simulation system. It is a version of an active collection of similar systems
which evolved from work at Massachusetts Institute of Technology (MIT) and Dartmouth
that was done in the early 1970s. While in strictly legal terms useable copies of it are in
the public domain (Vermont was given verbal approval by its authors to send a copy of the
model to Pechan without a contract, for instance), we would define it to be "quasi-
proprietary,” since the model is so massive and complicated that the services of a

knowledgeable modeler will be required to effectively load data and calibrate it for spemﬁc |

regional policy analysis.

The grandparent model of ENERGY2020 was developed for a global population,
economic, agriculture, and pollution impact study conducted at MIT between 1970 and
1972. The study provided a year-by-year simulation of market/population/economic
conditions and behavior using an algorithm which was based on solving a set of
differential equations defining the market in systems terms. To expedite the modeling
effort, MIT developed DYNAMO, a software language used for such systems-dynamic
models.

During the energy crisis of 1973, the systems-dynamic methodology was employed at
Dartmouth College to develop an energy market simulation known as FOSSIL1. The
third major expansion of its development took place in 1980 and 1981 in DOE’s Office of
Policy, Planning, and Analysis under Dr. Roger Naill. Dr. Naill was one of the original
developers of FOSSIL1 at Dartmouth, where it was called FOSSIL2. FOSSIL’s essential
structure has since been used to develop several other models. Figure D-1 shows a

genealogy of the various predecessors and parallel transformations, as best we know
them.

ENERGY2020 is currently marketed by Systematic Solutions, Inc. (SSI) of Vandalia,
Ohio, by Dr. Jeff Amlin, president of SSI, and by a colleague company, Policy Analysis
Corporation of Minnesota, run by Dr. George Backus. In contrast to FOSSIL2, which
concentrated on oil and gas supply and demand issues, ENERGY2020 has been expanded
in the utility area. In particular, a detailed DSM planning module has been recently
included. It has been used by the Illinois Department of Energy and Natural Resources
to complete a required utility planning report, by the State of Massachusetts Executive
Office of Energy Resources for an integrated energy plan, and by Vermont's Department
of Public Service (VDPS) for an impact analysis of a major gas pipeline proposal. The
model has been widely disseminated to research organizations, universities, electric
utilities, State and Federal energy agencies, and public utility commissions. SSI claims
that ENERGY2020 represents the results of over 250 experience-years of model
development, testing, and use, at a total cost across all developers and predecessor

- systems of over $15 million.
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b. Cost and Availability

ENERGY2020 can be obtained from SSI with a minimal generic data base for a
specific utility and/or a State for as little as $20,000, which covers mainly consulting fees
and the PROMULA software (about $1,500) needed to compile it on a personal computer.
To perform an individual study, however, a macroeconomic forecast such as those sold by
DRI, Wharton, or Chase Econometrics would need to be provided for each scenario, adding
between $4,000 and $20,000 to the effort. SSI advises users to purchase a mode} which is
similar to the DRI models, called REMI, for the macroeconomic analysis, from Regional
Economic Modeling, Inc., at a cost of about $15,000. Thus, the cost of a minimal system
capable of generating a forecast for a small State or utility is in the $30,000 to $40,000
range.

Realistically, however, the investment relative to the learning curve for in-house
analysts, for tailoring the model to the actual needs of the organization, obtaining primary
data and "scrubbing" secondary model-oriented data files, and setting up and using the
model for an initial study would add significantly to the costs. For a DSM/conservation
model for the entire State of California, for instance, it is probable that 1.0 to 2.0 person-
years of analyst time would be required, probably increasing the total cost to the $100,000
to $150,000 range.

¢. Vermont DPS Version of‘ENERGYL’OL’O

The VDPS version of the ENERGY2020 model is used periodically in combination
with the REMI macroeconomic model to perform energy/environmental policy analysis. It
was first used in 1988 and 1989 to support a substantial study of the effects of a proposed
Canadian natural gas pipeline on Vermont energy costs, utility rates, and pollution, .
including greenhouse gases. It later became the major integrating framework used to
generate the Vermont Comprehensive Energy Plan of January 1991, a massive energy
policy analysis effort. Jeff Amlin and George Backus, the authors of the ENERGY2020
model, were under contract to VDPS for both these studies, as was George Treyz and staff
of Regional Economic Modeling, Inc., to assist with running a companion version of the
REMI macroeconomic model tailored for Vermont.

The Vermont Comprehensive Energy Plan used a top-down control target of a
reduction of global warming gases by 10 percent, and a reduction in per-capita
consumption of nonrenewable (mostly fossil) energy of 20 percent by the year 2000, using
ENERGY2020. Both voluntary and mandatory policies were modeled, affecting all major
end-use energy consuming sectors. Policies were developed for electric and gas utilities
which required least-cost integrated planning (LCIP), essentially adding
DSM/conservation to the list of utility supply-side alternatives, and re-defining energy
demand as demand for energy services, presumed to be clean, efficient, and to the extent
possible, renewable, taking into account full (but discounted) societal cost of emissions and
other impacts. In addition to utility programs, vehicle fuel economy tax/rebate policies,
solar incentives, fuel taxes, and speed limits were all investigated. While the list of
policies for the study included intense utility DSM and building and appliance efficiency
improvement, the DSM efforts were not the central focus of the analysis. However, the
methodology for inclusion of DSM as a substantial supply alternative, and the data base
and modeling parameters necessary to accommodate them, existed in the VDPS version of
ENERGY2020 prior to this current project.

S—




d. Southern California FEdison’s Version of ENERGY2020

Pechan was informed by ENERGYZ2020’s developers that SCE had a working version.
of the system. To assess whether this version might be employed for the project, Pechan
inquired of the status of the model at SCE. The model was traced to the rate and revenue
division, under Mr. Carl Silsby. We found that while they had used the model 5 or 6
years ago for rate/revenue study in a joint effort with PACE (a consulting firm), they have
not used it much since then. It was used only for rate/revenue projection work, and was
never set up to do DSM or environmental impact studies. They currently use the ELFIN
model for most of their rate forecasting, which employs the Delreaux-Booth convoluted
integral load-curve filling algorithm, and is similar to the PROMOD model used by many
utilities for production costing, system planning, and rate/revenue forecasting. For DSM
program investigation, SCE uses the COMPASS model, which is discussed below.

SCE'’s production experience with ENERGY 2020 was not very good. They found that
the PROMULA language compiler/linkage editor in which the current production version
of ENERGYZ2020 is written to be cumbersome, having space (memory) problems on their
PCs. Load modules were limited to 640 Kilobytes of memory, causing memory "overlap”
problems which have never been completely resolved. SCE continues to send staff to the
ENERGY2020 user’s conferences, however, so there is some residual interest in keeping it
partially alive there.

2. The COMPASS Model
a. Qverview of COMPASS

The Comprehensive Market Planning and Analysis System (COMPASS) is a PC-based
decision analysis system developed and marketed specifically to assist utilities in planning
their DSM programs. It provides a convenient repository for data on current and
candidate DSM technologies and programs, contains the structure for development of a
data base containing relevant data on the utility’s service area, properly segmented for
market research, has algorithms for DSM technology market penetration estimation, and
complete DSM plan impact analysis and reporting. It generates numerous reports
formatted in a style commonly used for DSM plan submissions to government agencies,
including standard practice benefit/cost screening tests such as the TRC test with a social
discount rate, often required by public utility commissions. An adjunct of the TRC testing
is an environmental impact analysis, including both end-use location and energy supply
emissions impacts.

COMPASS uses a data intensive, measure-specific analytic technique, often now
described as a bottom-up approach to DSM program planning. It allows the user to
generate many different "what-if" candidate DSM plans, and then calculate total cost to
all sectors (participant, utility, ratepayers, etc.). It must be used in conjunction with a
utility’s resource planning model to establish marginal and average avoided costs, energy,
load, and rate impacts. Although linkages are provided to resource-planning models such
as PROMOD so that, for instance, the DSM energy and load demand savings might be
passed to the planning model to recalculate resources and thus avoided costs, this type of
iterative procedure is installation-specific, and not automatic.
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The standard practice benefit/cost tests, such as TRC/Societal, Participant, Utility,
and Rate Impact tests, are built into COMPASS. They do not generally screen the list of
programs, however. The user must select the programs to be included in the DSM plan.
Then, COMPASS calculates the total combined effects of the total DSM plan. A major
problem of using this bottom-up approach is the danger of overestimating DSM reductions
when multiple measures are applied to the same end-use energy sector, as is usually the
case. For instance, residential heating measures like double-pane windows and high-
efficiency heat pumps are not linearly additive: 1 Btu saved with double-pane windows
alone plus 1 Btu saved with an efficient heat pump alone might only be 1.8 Btu saved if
both technologies are selected by the household. The algorithmic methodology for dealing
with the nonadditive nature of efficiency programs was not documented, and is expected
to be very costly and difficult to address in any defensible manner. One source said that
these effects were generally incorporated off-line as adjustments to efficiency once a
combined package of efficient programs was defined for a particular market segment.

b. SCE’s Version of COMPASS

SCE’s version of COMPASS is being used and further developed in their Energy
Efficiency and Market Services Division under Mr. Frank Schultz. Ms. Andrea Horwatt,
one of the primary development analysts and users of the system, assisted in our review
of their DSM modeling. SCE is currently expanding their version of COMPASS to be
SCE'’s principal DSM planning analysis tool and to include comprehensive
DSM/environmental impact analysis capabilities. The data base contains about 56
technologies in over 100 market segments, for a total of about 3,500 technology/segment
combinations. In the SCE model’s commercial sector, there are 14 building types, 4
weather zones, and base stock existing/new designation, or 112 market segments.

SCE originally agreed to use its COMPASS model to investigate scenarios for the
project for California. However, all effort expended by them was to have been on a pro-
bono basis, and resources originally allocated were not available in time to participate.

3. California Energy Commission DSM Spreadsheet

The methodology used at CEC (Michael Messenger et al.) for calculating DSM impacts
in their 1991 Global Climate Change study was essentially a spreadsheet data analysis.
A copy of the code was obtained and analyzed for the project, consisting of Lotus 1-2-3
spreadsheets and macros, mimicking much of the COMPASS approach, but with reduced
form data bases, and simpler estimates of market penetration targets and maximum
annual rates of change. The modeling activity was only performed on the residential
sector for SCE's service territory. It arranged 15 technologies into five "packages” which
were selected by the households according to pre-set yearly percentages. Each package
was given a maximum achievable market penetration rate over the 1990 to 2010 time
frame, and a maximum annual rate of change in penetration (156 percent per year).
Households were segmented by existing/new and "primary gas heat/primary electric heat."
The spreadsheet did not use market-penetration methods based on economic choice like
simple payback, benefit/cost ratio, or minimum acceptable internal rate of return.
Instead, market penetration estimates were made for each of the packages and the
maximum penetration was simply extrapolated as a scenario input. Thus, one of the
more interesting aspects of other DSM models -- their market penetration and adoptlon
- response algorithms — were not incorporated into the CEC work.
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A major drawback of the spreadsheet approach, apparent in the CEC material, is that
the format does not easily lend itself to documentation, although the programs were
delivered to us at our request with no expectation of any accompanying documentation.
Many of the assumptions are essentially locked into the spreadsheet as fixed parameters
or formulae, without explanatory comments. Unless the modeling assumptions are
specifically addressed in the study, the rationale for the assumptions will be lost unless
the original author is available and remembers what was done during the analysis. In
general, however, the impression of the CEC work is one of thoroughness within the
constraints of a very complex market penetration environment, with complicated
programmatic/fuel overlap. :

4. DOE Renewable Fuel Technology Models

As part of our review of current methodologies, we investigated the availability of
DSM/conservation-oriented models at DOE’s Energy Information Administration (EIA), to
see if any might be augmented and/or converted for use in the project. We found that
there is no generalized, national integrating framework for DSM/conservation at DOE.
However, there were listed in their literature three relatively small models, developed
under contract to EIA by Science Applications International Corporation (SAIC) and
delivered in October 1991, for three renewable fuels technologies: residential roof-top
photovoltaics, active and passive solar systems, and geothermal heat pump systems.
These were acquired and reviewed by Pechan for the current project.

The three models were almost identical in structure, being spreadsheet models in
Lotus 1-2-3 release 3.0 format, using relatively complex macros interlinking files, and
producing forecasts for scenarios used in DOE’s most recent Annual Energy Outlook. In
structure, these models are similar to the methodology used by CEC, except that they
estimate only the economic potential as a stand-alone system for each of the technologies
-- the results were not integrated or packaged with other technologies. Essentially, they
are market penetration models, which act on' DOE region-level data files to generate
regional impact information. The models use simple payback/penetration tables for
market penetration estimation similar to the COMPASS market penetration methodology.
While the algorithms might be useful at some point to develop individual technology
market penetration sub-models for a larger effort, they do not offer the integrated
framework needed for analyzing complex DSM/Conservation policies which were required
for the current project.

5. EPA-Region IV/Southface Energy Institute (EPA/SEI) Models

These are three relatively simple Lotus 1-2-3 models, one each for Residential,
Commercial, Industrial, and Transportation sectors, were developed during 1992 by EPA’s
Region IV office, contracting with Southface Energy Institute (also of Atlanta) to
investigate the DSM effects on CO, emissions in the Region IV area. The system is based
on State-level data on energy using technology stocks (including building insulation and
HVAC status), energy consumption, and conservation data from publicly available sources.
The systems have several good features: (1) built-in graphics and tables, (2) ease of access
to data sources, and (3) simplicity in terms of technologies, algorithms, and definitions.
Insofar as the models calculate changes to accepted forecasts of energy consumption,
proper calibration may be assumed to be correct, in terms of Commerce and DOE
estimates, for States or aggregation of State-level results.
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At their current stage of development, the EPA/SEI models would best serve a large
State, or an agency like EPA’s district office, at a higher level of aggregation than States,
to derive control totals for broad DSM/conservation efforts. They are much too aggregated
for a utility DSM analysis, and may not capture the detail needed for a small regulatory
service area like SCAQMD, especially for projects involving detailed emphasis on
technologies, such as golden carrot policies. The methodology and structure are simple
and easy to expand, however, so they represent a good modeling resource.

6. San Diego Gas and Electric Company DSM Analysis System

San Diego Gas and Electric Company (SDG&E) has developed a comprehensive
mainframe-based DSM analysis system, which they claim fulfills their DSM analysis
requirements better than a packaged system like COMPASS. The system was developed . .
by Regional Economic Research, Inc., (RER) of San Diego, which is the repository for
much of the EPRI DSM-related software and data analysis packages (e.g., COMMEND).

In algorithmic structure and coverage, the SDG&E/RER system is similar to
COMPASS. However, being written in the Statistical Analysis System (SAS) on the
mainframe allows for somewhat easier access to SDG&E data related to DSM analysis,
such as integrated planning systems (for load impacts and avoided cost data, while
providing a generally flexible modeling environment. As in COMPASS, market
penetration is calculated from S-curves that are derived from relative attractiveness
factors for the technology within a given competition class and is further delineated by the
type of decision (pre- or post-failure replacement of existing equipment, or new
construction), an awareness factor for the technology, the technology’s current saturation,
base technology life and retirement rate, building stock demolition turnover, and growth
rates. The flexibility of having a system written in a standard data base management
language like SAS, with source code available to the ongoing operators of the system, is a
great benefit over the COMPASS approach, in which the model source code is not
transmitted to the user. As a case in point, at the end of 1992, SCE was considering
contracting for development of an open-ended system to replace COMPASS, citing this
inflexibility as on of the main reasons for their desire to change.

Whereas Mr. Rob Rubin of SDG&E and the developer, Mr. Fred Siebold of RER, were
interviewed about the status and content of the RER system, the model was not acquired
and run as part of our assessment (unlike the other models were). Mr. Siebold indicated
that the model software and data base technology may be customized and installed for
other client use on a consulting-fee basis. No cost information was obtained, since the
customizing could be open-ended.

The SAS system in which the SDG&E model was written is available on PCs, and
simple programs operating on small data bases may be used.almost interchangeably with
mainframe SAS. However, if the programs and/or data files are large on the mainframe,
or the data file refreshing cycles are relatively short, PC conversion may not be cost-
effective.




C. SUMMARY/CAVEATS

With their relatively low front-end software cost, in the range of $15,000 to $30,000,
off-the-shelf proprietary models like ENERGY2020 or COMPASS appear to offer an
attractive alternative to internal development of DSM analysis systems. However, they
provide only the partial framework for the analysis. They cannot be instantly used by the
buyer for any coherent analytic effort, and it always remains incumbent on the user to
develop the data base defining the market(s) of interest, to establish scenario guidelines
for the modeling effort, and to add emissions impact and internal avoided cost estimates.
The model software itself, whether purchased from a vendor or developed internally will
be relatively cheap - only 20 percent to 25 percent of our estimate of total project costs for
reasonably complex markets. The remaining cost is taken up in data development,
software modification, calibration, and testing.

Given this fact, it would appear to be most cost/beneficial to let data development
requirements initially lead the DSM modeling effort, while having a conceptual design in
mind for model development and/or outright purchase of an off-the-shelf software system,
as a DSM oriented data base becomes established. For an electric utility, the market data
base probably already exists in various forms, and will need only to be augmented with
technology data and model parameters and segmented appropriately to handle modeling
analysis.

D-10



APPENDIX E
CALIFORNIA/DISTRICT DSM MODEL MEASURES







*sieyi} Bujoejdes 10 mc_cmm_o
ucm ‘Jemojq ey} Bujues|o ‘s}joo ey} Bujuee|o ‘leAs| juelebujes
oy} Bupjosyd seA0AU| swieisks QD JO eojales pue uojioedsu|

**2661 “jojwed *Kouejoyje Jjeyy eAcidw) o} s1UCPUO Jje [BHUed Bujisixe ‘
pue Jejoold Joj sedjales Jjedes pue ofjsoubelp SeAOAU| einseeW Sy | edueusiueiN OV yo}
|00} oisoubeyp _

© S© 5100p Jemojq pesn eAey eese sjy} uj sweiboid

b._as_ ‘wejoyins eq Aew wejqoid ey} Bujkyiuep} uojloniisucd
meu u] yBnoyye ‘swejqoid UOWWOD X} O} einpedald

e sdewed pue ‘syee| 8y} Jo epnyubew ey} eujwielep 0} 1s6}
B BAJOAU] |IM Wejqoud ey} 0} uojinjos 8y) "sIOOpPINO ey} o}
syee| ebie| eAey pue sjonp uey) Jeyies swnuejd esn swejsAs
uinjes Auepy ‘syes] Jofew epjacid Yajym SUOjIO8ULOD 8S00]
eney swejsAs jonp Auepy "wejqoud ey ejos o sweibaid 1o}
se|Bejeis esjaep pue Wwejqoid ey} ezusioeisyo o} Aem Jepun
S| YoM [BUOHPPY 'Seduepisel ejuiojije) [eojdA} u| siewnsuco
‘2661 “oed ABieue ysebue| ey Jo euo s} swelsAs Buljooo pue Bujjesy
pue Jeooid | Jje peaio} uj eBeyes| 1onp eyl pajedlpul eABY Sejpnis juedey ebexea 10ng MN‘X3 €0}

-ApIuny eAjlejel MO Jo seele | [enusiod jo [eep jeelb e

sey ABojouyos) Bujjooo jo odA} S|yl Hun OV piepueis e Woy
KBieue Bu|j00o jenuue jo Juedsed /| Auo o} selejsuell Yojym
‘2661 ‘Bueny | “ueocsed g-zy se ybjy se ese Aouedyje pepodes JesnjoBinuey
!|ooD-HeA Yyum ‘4,101 jo eineiedwey} qing-A1p 16juj Ue Yum e J./9
UoHIEJUNLIWICO Kddns ue) ‘einjeiedwe} ey Jemo] Jeyuny o} ebejs puooes
ou] ‘ADHINIX © U] pajcod Aleajjelodens sj Jjg pejood-eid ey L *seBueyoXe

pue ainjelsy| 180Y B UjyuM Jje [000-81d O} 8040 Bujj00o eAneloders ,
leimoejnuepy " obejs-1suj) € Sesn Yojym 18]ood eAleiodeAs joeljpuj uy Bujjood eAnsiodealz 108.4iqA934IpY) MNX3 20l
"|e¥iew oy}

jo pue Jeddn ey} Je uopeinjes eseelou; Aew Yojym ‘uolieiedo
1ej9|nb pue sjejueleyp einjeiedws) peonpel ‘HOJWOD

2661 ‘ouj sejealb s1e}o0 Inq “yoeqAed Buol yum ensuedxe AjeAlejey

‘ADYIN3IX ‘0661 | '6°91 Jo HIIS © eAeIyOB 0} S|0LUOD JojoW JjuoLjoB|e SOZIHN

‘diop euei) "s1eyjo pue uojjesodiod INVHL oyi woy sjqejeAe Ajuelnd

‘6864 ‘030 ._s_ ama o>% Ea%.a_ﬁ__g £§ Jeuofijpuoo e _eaoo (6'91=H33S ‘asA) OVO e|dlyeiadng MN'X3 ot

3:2&2"_ N T ] :o:u:omoo o._:u.ua! . . ] {eqe einses|y (MN) meN Jo al
(x3) Bupsix3

sainses|y |9poiN INSA duis|g/elusolied
-3 9qel

E-1



*'SpJepuBls ¥2 e[l |e|iuep|sel Joj s|skjeue AljAjlsues io}

SUNJ SSYJIVD 8,030 UO peseg 'SMOPUIM ISBe pue '1SBm
‘Yinos ey} Uo pejjeisu} eq sueeltosuns Jey} sejjoeds einseeil
' 8} ‘Uoj]onJIsUcO Meu Jo4 ‘mopuim ey} o} ybnouy; ssed
o} Jesy pue byl jo wnowe peonpel e pue Jje ywied Aey|
'ysew e ueyj Jeyjel 81eAnc| Auj} jo selies & ezjjiin Aey) jey}

1661 ‘030 1deoxe SUBBIOS [BUOJIUBAUCO O} Jej|W|S 8.8 SUBBIDS epeys suselosung MN‘X3 chi
) ‘spsepueys (uope|nbes esn ABleue
e|ulojijeD 2664) v 8lUL |eliuepisal ey} Jo} sjsAjeus Ayausues
10} sunJ |epoll SSYdTVO 8,030 UO peseq ‘SMOPUIM jsee
1661 ‘030 pue ‘1sem ‘Yinos ey} uo ssejb pejuj ‘uojlonlisuco meu Jog $s€|9D peju|L MN L
'$0I0}S eJempiey |iejel Jsow B e|qejjeAe Aj[ejolewwo)
'g'0 Ajejew|xaidde o} /6°0 Wol} Uo|SS|WSUEY Jejos
1664 ‘030 90NpeJ O} SMOPUM jsee pue ‘jsem ‘yinos o} pejdde wjy v Wijid Mopulm MN'X3 ML
'spolied BujueAe Ajee/ucouleye el uj |njesn
Alejosdsy ‘seoeds juea ojie Jo 1o Jje Jenoy Bupolo} ‘ole ey}
e6861 ‘030 o pue eoeds Bujayj ey} ybnouyy Jje [000 eAow 0} ‘oje ey}
pue 686] ‘Ie|mod | pue ededs Bujaj| ey} uesmieq pe|jeisuj eJe suej esNoy e|oYM sue} esnoy ejoym MN'X3 oLt
: *sgele Ap ‘Joy uj juejoiye Ajejoedsg 'jjo0
sejeuw|ise Jojeiodeae ug Bupejue Jje ey) |0oo-eid o} Jeyem Bujjeiodens
ABisusy | Aq peqiosqe jesy jueje| ey} sezjjin Jejooo-eld saijelodess uy 18j00D-8ld eApeiodeAl MN‘X3 601
_ 'sBujj|lemp peuopipuoo punoie Bujue|d eeu}
pue uojjejebea ojbejeils elA peujeiqo eq ueo sbujaes Bujjooco
2661 ‘leqiy weoijubys 1ey) peisebbns eAey g7 Aq selpnis Jusdey Bujjuelq eal/uojiejehap MNX3 80}
2661 .
‘D100 ‘0664 181 ‘7’21 O} H33S sesjed Ing ‘eAoqe Jun H3JS 688 Se ewes (v'21=433s) OVO penoidu) MN‘X3 g0l
: ‘g|qejjeAe
Allejolewwoo ik SHUN JUB|O}e BIOW BLUOS UBAS PUB Sjiun
esey] ‘juewslinbel spiepuelg eoue)ddy jeucjieN €66} ey}
ueyy Jeybyy sjujod JeieAss ‘6’| | of YIS ey} esjel o} Jojow
2661 juejojjje eloW B puB eeI. {I0D JOOPU| puUB JOOPINO peseslou|
'DI00 ‘0664 197 $9Z|jin (QvQ) Jeuolipuco Jje |enued Aousjoiyje-ybiy ey (6'L1=433s) OVO peAcidw) MN‘X3 S0}
eouelejey uojidjioseq einseely Jeqe einseepy (MN) meN o of]
) (x3) Bupsixa

(penupuoo) 1-3 sjqel

E-2



*SI8J20Y JeeMS-|jUB JeSUBpUCO

066} 187 puB Josseidwod Y33 £'G B YUM eAoqe isn| se ewes ey lojesebujey jenuely wiel-ieeN MN‘X3 2ov
“JoyeseByijes (Av) ewnjoa peisnipe 1} 89|
® 1o} S| jepow ey} U] 93N eyl “Josseidwoo Aouejoijje-ybiy
. B puB uojjejnsu| weo;} ep|s Jo £ puB 100p JO g ‘suej jusiolje Jojeieblijey
066} “187 | se yons sejbojouyoe) jeuoiiueauod Bujsn Jezeelyiolelebiijey 1soljeqg-jenuey Aouejoi3-ybiH MNX3 1014
‘08 Jo 4dSH ue
sey eunsesw sjy} 10} pesn duwind jeey ey} ‘iejeely esuejsise.
0661 ‘3330V | ol0eje euojusauco B Woij ey} uey) seybly Aoue|ojlje weisAs
pue ‘egg6l lledeno uj Bupynsel ‘ije episino woij jesy juele| sjoelixe pue :
‘930 ‘0661 “191 Ayoypele sesn epow Bupesy uj Gupeledo dwnd jeey eyj dwnd jeeH o) JeaH ol4108]3 eseg X3 102
*Josseidwod pue Jojow ue} Juelojye etow e Buisn
pue ‘eese Jojeiodese pue Jesuepucd Bujseeiou| Aq ejqissod
epew s] Aouejo)yje peseesou sjyi ‘uleby “Ayjiqe|ieas peywy|
1661 ‘3330V | eAey | jo Y33 ue Yym sieuofipuod Jje woos Aousjojjje-ybiH (21=433s) OV wooy peaociduw MN'X3 448
+Josseidilod pue Jojow uej juejojyje esow e Bujsn
pue ‘eele JojeiodeAe pue Jesuepuod Bujsealou) Aq ejqissod
epew s| Aouejoyje Jeybiy siyl °si1eylo jeloaes pue o1jos|3
0661 ‘3330V [eseusn ‘IejueD ‘Yojipejty woij ejqe|ieae Ajjejolewwod
PUE 0661 “197 | ©Je 20} Jo HIJ Ue Yym sieuopjpuod Jje wool Aouejojyje-ybiH (z'01=H33s) OV wooy peaoiduwy) MN'X3 Wi
*splepuejs $2 oJiLL |eliuepisel Jo} sisAjeue
Ainysues Jo} sunl SSYJTVO 8,030 uo peseg “61-H
o} | |-y woi} epeiBdn ue ‘uojloniisucd meu-uj °|j-Y O} S|lem
1661 ‘03D | pelejnsujun Asnojaeid jo epeifidn ue ‘uononiisuod Bujisixe uj QVO-uopeInsy| jlep MN'X3 el
*spiepuejs $2 ojilL |epuepisals Jo} siskjeue ,
Ayasues Joj suni SSVJTVO §,030 Uo peseg "09-H ©1 0€ B
61-Y wolj epeiBdn ue ‘uojioniisuod meu U} ‘61-Y 0} sbujjieo :
1664 ‘030 | peiejnsujun Asnojaeud jo epeibdn ue ‘uojjonuisuco Bujisixe uj Ovo-uohe|nsuj bujjjed MN'X3 et
*sfeyelew Buijoos peiojod
Jejyby wayy Bupynses 2'0 Jo enjeA e o} 5°0 Jo uopdwinsse
2661 eseq B woj uojidiosqe Joos JO UOLONPSI SBAJOA] einseew
‘ueqyy ‘uosip3 sjyL ‘siuewainbes Bujuonipuco Jjg @onpel UED UOHE|OSU)
lo} ‘suoitejnwis 108.|p 0} pesodxe sesepns Bujpjing jo opeqje ey} Hujbueyo
Bulpiing - 1By} pejeojpul sey sieyjo pue g1 Aq Yaseesal juedey jooy pelojo-1yb|] MN'X3 213
eduaJajey uopdjioseq einsesyy |eqe] einseely (MN) me) 1o ai
. (x3) bunsixa

(penupuoa) 1-3 sjqeL

E-3



0661 191

. : ‘02

jo (43) Jowey ABisue ue sey pequosep Jun eyl °sdwnd jesy
Bujuojipuco ededs o} Uojionyisuco uj Jejjys “Yue} ebelols
lejem B 0} Jje wayj ey Jusjquwe Jejsuel) o} ABojouyos)}

dwnd yeey psepue)s sesn Jejeey Jejem dwnd jeey Yy

lejeel Jejep dund Jeey

MN‘X3

$09

2886} “187

'wdB | 0] §'0 JO S8JE MOJ} JOMO] UBAS JBo Jey} JeXiew

8y} UD sjiun ewWog ‘weelis ey} jo AYjenb ey} eseeloep

Aew jey} siopuises moyj Bujjeisu; Ajdw|s ueyy Jeyiel ‘moj} moj
Tijenb Joj peubjsep pesy Jemoys e Bujsooyd.o} pjed eq jsnw
uojiuelly ‘eJey pesselppe eq o} senss| |eojydosojyd/jesjyjod
pue ejij-jo-Aljenb snojaqo eje eJey] '}SCO jeujwou

e o} ‘Alejeuoiyodoid esn Jejem joy eonpel Ajjueoyiubls

Ued speey Jemoys mojj-mo einujw Jed suojjeB g o} ¢ Wwolj
Buisn speey Jemoys yym pedd)nbe |jis ete spjoyesnoy Auepy

peayIoMOYS MO|J-MOT

X3

€09

sepeuw)ise
ADHINIX

‘Jjoliel € se pajjeisy
‘Jejesy Jajem ojlioe|e Jo seb piepuejs e punose sdeim
Jey} 1evue|q uolie|nsu| ssejbieqy -2 ojdw|s B s deim yue} v

deim yuel MHQ

MN'X3

209

1664 ‘uojeiodio)
eoueApy ebeg

*JeBueyoxe yeel/10108||00 eAssed B ‘10}06]j00 do}jjoo!

dwnd lesAer) ey} s| suojesjidde |gjoleiullcd jjews pue
|elluep|sel Jo} 8Ajj08}je ISOW punoj jun ey ‘eouewwioped
pue ‘uojjejjeisu] ‘ejewjjo ey} uo Bujpuedep ‘jeep jeelb & Alea
lim sseueapiedwod-jsoo pue Aousjojye s,ABojouyoey sjyL

19jBaH Ie1BM 18|0S

MN'X3

109

0661 “eyiedwo)

) ‘sselW peonpel
pue ‘sjees peacidw] ‘uojje|nsu] peppe sepnjou| eJnseew S|y}

ueAQ Aouaejol3-ybiH

MNX3

£0S

066} “ewedwo)

sebues opjoeje 10} siope|je) paacldw|

sued Jojoe|jey doj 400D

MN'X3

¢0S

0661 “ewedwo)

*Bupyesy uojonpu) sesn jey) ebuel ojoe|e uy

dojenois uoponpu|

MN‘X3

0§

0661 197

"sjeued pejenoeAe Yum eAoqe isn| se ewes ey

MN'X3

1134

0661 187

*uojje|nsuj Joop Jo seyou] g pue Josseidwod
Y33 1'S © YuM jun jsoljep [enuew ybudn (AY) 4 1'S2 ¥

Jazeal4 Aoue|oj3-ybiH

lozaald Wie]-JeoN

MN'X3

gLy

066} 7187

‘J0peiebjel (AY) U 8°02 ®© 10} S| [8pow

8yl uj 03N eyl “Josseidwoo Aousjolje-ybiy e pue uoje|nsyj
Wweoj ep|s Jo & pue Joop Jo g ‘suej Jusoye Sse yons
seiBojouyoe} jeucusAuoo Bujsn Jjun Jsoljep-oine peoueApy

Jojeiabijey
¥sosjeg-oiny Aouedl3-ybiH

MN'X3

134

eouaJejoy

uopidlioseq einssepy

jeqeT einseel

(MN) meN Jo
(x3) Buns)xz

al

(penupuoo) |-3 alqeL

E-4



i : 'sduind
sejewyise | |ood jeucjueAuco uey} peeds Jemoj e Je Bujeledo Aq sbujres
ADHINIX Kouejoyye sujeiqo jeys dwnd jood Bujwwims peeds-om} - duind j00d peeds-omL MN'X3 106

‘Aep Jed sinoy g ejeledo sdwej sewnsse esed ebelee

oY) °seAj einseew Buueyp eyl o} enp Jeao psbueyd ueeq
eABY PiNOM ey} SIU8IsepuBdU| eininy ey} Jo enjeA jueseid jeu
oy} eie 100 W3O 6y} U] pepnjou] ‘jexoos dwe| [ewiou ey}
sejewse | ojuj smeios Yojym dwej [eibejul Juedseion|j yem-gL ue o} qing

ADHIN3IX juedsepueou] yem-gZ e Bujbueyo wouy ese sBujaes einsespy juesselonid 1vedwod MNX3 108
"seyjofo Aip
89861 ‘J330V 0} ABojoutjoe} eAemaldjw sesn jey AGojouyos} BujBiewe uy JoAiq eABMOIO|N MN'X3 c0L

*$]j00 Jesuspuod ey} JeAo Y Bupejnolioel

Aq iy Bujyxe 1sjow joy 8y} JO INO JejeM el} Sesuspuod
uey} pue Jje Lip Bujwoou] jeey o} dwnd jeey piepuels

e sejeledo Jekip dwnd ey ¥ ‘266 jO pue JO Se 8|qe|jjese
Ajjejoiswiwoo jou ese Aoy} ‘seinjee} e|qelisep eJow Jejjo o}
e986} ‘3330V umoys pue peonpoid ueeq eaey sielip dwnd yesy ybnoyyy ‘ ~ Jel1g duind jeeH MNX3 1oL

"eujyoBW now do} piepuels B Uo epew

le ese sjuewenoidw) esey) ‘uopdwnsuco ABieus eanpel
0} qnj ojise|d B puB 8joAd esull WieMm € JO Usjeujw|je ‘Jojow _

066} 181 peacidi; ‘sene opeisoweyy uo sejjel ABojouyoel syl | SIXV JejuozjioH-18Yysem 9ui0l0 #3 IH MN'X3 Zv9

*ssepeoj doj uey} elow 051$ Asiewxoidde

10} |eie1 ey} eleym S n eyl uj ejqejeAr Ajjejolewwod
pue edein3 uj Jejndod ese Aey) -juebielep sse| esn

puB S8yJojo UO Je|see Osje eJe seujyoew esey) "Bulysem

E-5

10} paJjnbes ABlsuse [ejo} ey} eonpal Ajjedjiselp sny} pue peoj sIXy ‘
0664 1871 1ed Jejem 10y sse| Ajjepueisqns esn sieysem Bujpec| o4 | |eopIeA-1eyseM seyiolo Aousjol-ybiH MN'X3 199
"Josuco
0661 197 | Il pue “Jojow ‘el pooj peacidiu sepnjou] J6YSEMYSIP SIYL Jeysemysia Aoueoi3-ybiH MN'X3 129

“Jeyesy oY) wouy seyue; jujod

® 1 peppe sj seAjeA uinjes/Bujxw jo jes Jeylouy ‘epjs indu
lalem pjod ey} 1e Jejeoy Jelem Joy 8y} O} peyoeye s| edjaep
oY) °swejsAs 1ejem Joy ISoW Yym pejejoosse ssoj euj|
seonpe. uns edjd Buoj & woj Jejem joy Bujrowey “(seynujw
op-0€ Inoqge) ewy jo polied Jesaid B Jeno edid e Jo no Jejem

joy Bujpueys smelp ey} edjaep ebeiols B S| JeAes Jejlem oy Y | JeABg 1918\ 10H MNX3 509
eoualejey . uopdiioseq einseely |eqe einseely (MN) meN o ai
) . (x3) Bupsix3 :

(penupuod) -3 9jqelL



*suj} Jesuepuod Bujueybiesns

pue ‘siey|} Bujoejded ‘sxee| 10} Bupioeyo pue s|eAe| Juelebije)
Jedoid Bujujeujew ‘s|joo Jesuepuco pue Jojelodere Bujussjo

£'S J0 dOD B Yum gc: ommn 2: Eo: epeibdn %cm_o_tm uy

1661 ‘ADHINIX sepn|jou| wejsAs Bujuojipuco e Ue jo eouBUSUjBW DlpolIed Jo|||yo-eousueiulely Bujjoo) MN'X3 S0l
*S|0JIUOO QSA 8yl o} Jejjwis sbujaes ABisue eAejyoe o} Aem
1661 ‘ADHINIX | eAisuedxe ssej B s speeds mo| pue by yym lemoy bujjooo y Jamoy Bujjoo) peedg-om] MN'X3 S0l
‘uojpdwnsucd ABleus ugj Jomo}
Jemo| Ajjueoijubis uso puewep o} ejeucipodold siojow Jemo} Jamol
1664 ‘ADYINIX Bujjooo Jo speeds eanpeu o} sjo5juco djuaiele gsA Buisn | Bujjood lo) (aSA) eAlIg peeds-8iqelieA MN'X3 v0l
*(sse|b eApos|jel
Ay6y yqiyoid sejyo ewos) pepiAlp ueeq sey eouejdesoe
Ayunwwoo pue Jewoisno ‘einsesi iU} YIM pezjwixew
ele sBujaes 6ujjoco ybnoyyy °so'0 jo esuslwsuel
W6l eiqisiA mo] Ajelwoouoo B pue gg'0=0S Jo Ue|ol}e00
d+'e 3040 osg Bujpeys moj Ajowelixe Ue SEY MOPUIM S|yl 'JUe|d|}je0d
puE ADHINIX Bulpeys £9'0=0s Ajerewixaidde s| sBuipjinq jejoiewwoo
pue 166} ‘030 MU 1o} Bupull MOpUM WNW|UIW 12 ey, eluioyeD ey) 19]]]4y0-s58|D pejull eduswloped-ybiH MN €0l
_ . 'sle]||yo
jeliueo yym peoj Bujjooo jo uojioed; ey} o} sejjdde einseew
S|yl '40j00 mopulm wioyun Bujpiaold ejjym eoceds e ojul
suojejnwis | oeq yeey jue|pel joejjel Jey} SWjj JO 8Sn BYEW UBO SMOPUM
agi'z 30a yuoN Apueojyubls smopuim Bujoe) jsem pue Uinos Jo peo|
‘1661 ‘ADHINIX fewiey} ey} &onpel O} pesn eq UBD SWilj MOPU|M PeouBAPY 19JI14yD-wild MOpUIM X3 g0}
‘eBuel UC} 00E-05 ) © Bujwnsse
pelenojed elem siS00 "Pepeo] Aljeued Ajjewiiou s| yun ey
ueym spojied Bupnp sBujaes 94Z| |euoliippe Ue ppe Sjosuoo J9Iyd
086} “HOA ojuaioeje Bupeiodioou] (5’9 dOD) Hun Aduejdlye-ybly Aousjol3-UblH (QSA) eAlIQ peeds
pue ADYIN3IX B 0} £G JO n_oo B UM Jun eseq woJ} epesbdn Aousioly3g ajqejdep 0} J9jIyo |ebnjiiue) eseg MN'X3 201
1661 *eBues Ajoedes uo} 0og
‘sieinjoejnuep -05lL e mc_E:mma peje|nojes elem siS0) 'S'9 4O JOD € YUIM
lojyo | wun Aouspiye-ybly o} (1'y Jo JOO WNWIU|W 2 BjY L 8ACqE) .
pue ADHIN3X J8]11yo 1ebnyyue)d Aousjol)3-ybiH MN'X3 L0}

eoualejey

uojjdlioseq elnseey

j8qe] einsespy

(MN) MeN 1o
(X3) Bupsixz

al

(penupuod) 1-3 e|qel

E-6



suojje|ntys
g'12 300 9sd
pue ADHINIX
pue 1661 ‘030

‘ybiy eynb s s} 1500 [eluewelou] ey} “4enemoH “Iybjkep

jo uojiesieued ey} smojje jjjis pue sbujres 6ujj00d sezjw|xew
sse|b sjyl "82'0 J0 esuspjwsuel) Wby ejqis|A ejqeucsesl

® sUjBlU[BW |(§S pUE §2°0=0S JO 1Uejol}je0d Bujpeys moj

KioA & sey mopulm syl °29°0=0S Alejewixoidde sj sbujpjing
[eioIeWI00 meu Joj Bujup mopujm wnwiujw 2 ejil eyl

. 1911142
-§88|H J-MO7 edUBWIOHed Wnjpsiy

MN

933

suofiejnwis
ai'e 300 Osd
pue ADH3N3X
pue |66} ‘030

*€£6°0 Jo eouepjwsuel} Jybij ejqis|A ejqeuosEe)

© SujelUjBW ING #°0=DS JO Jusjojecd Bujpeys moj

Aure} & sey mopulm sjyL *£9°0=0S Aeiewxoidde sj sBuipjing
[ejoIeWWod Mmeu Joj Bujjujl mopulm WNWIUIW $2 ejy) eyl

911140
-§58]D pojulL edusUIoHad-wnipep

MN

oLl

‘1661 ‘ADHINIX

*sjonuod opewneud yym peredwoo peyjjdwis Aeesb

8Je suojioun} jonuco {(0aa) sjenuco feybip 1wallp sezyin
SIN3 ey} esnedceg "oje ‘yoinys juewdinbe “peqies pue
piemiopes Joj pawweibaid eq ueo SW3 Uy ‘sweishs ABieue
Bujp|ing Jo |0)3U00 pue Bupoyuow djewoine 10} pesn wejsAs
peseqg-1e)ndiod € s) (SNJ) weisAs ewebeuew Ableus uy

Jelyo-weysAs yuewebeuep ABisu3

MN'X3

604

1661 ‘ADHIANIX

'$8SBOI0BP PEO] OY} Se 8seelou] pjnoys jujod les einjeledwey
Addns ey} “esel Jejem pejjiyo Adde o] einjesedwe}
serem Addns jueisuoo ujejuiew o) Aljoedes s ejliyo

oy} siemo] pue einjesedwe) Jejem Addns Jepjod sioelep
Josues ey} ‘sdoip peoj ey} sy “fjBuipioooe Jossesdwoo
oy} jo Kijoeded Bujieiebyjes ey) bupejnpow pue Jejjiyo

oy} Bujaee] Jejem Jo einjesedwe) ey Bujsues Aq pejjonuod
s} Ayoeded ‘sisjjiyo Isow u| “einjeiedwse} Jejem uiniel
JUBJSUOO UjelUjeW O} Seseesoep Buljood ey} se einjeiedwe}
1ejem pejjIyo ey Bujseeiou) Aq ABieue eaes o} |ejueiod

$] eJey} ‘snyy “1e|yo eyl jo eduswioped Jo Jueiol}je0d

ey} Jeybly ey ‘einjesedwsey Jejem pe||iyo oul Jeybly eyl

Jajjyo-1esey 1018 M Pelilyo

MN'X3

801

1661 ‘Iojhe
‘1664 ‘ADHINIX

'$10ZjUIoUC09
Inoyym swejsAs Bujisjxe o} ejqesijdde £juo sj eansesw

S|y} ‘UOIONIISUOD MeU 10} spiepuels ¢2 el Aq paijnbel

eJe s1ezjwoucoe eouls "Buljood jeojueyosw Juswbne

o} Jo jo eoe|d uj JjB WOO! Jeliem Uel) Jeyies Jje episino |00
Buifjddns Aq speoj jeulsiul pue Jejos O} enp Jeyjeem pjiw pue
piod Buunp ueae speoj Bujjood esuepedxe yoym sbuipjing
|ejosswiwoo uj ebesn ABieus Bujjo0d B8oNpss si9Z|WOUCIS Iy

19][1YD-19Zjwouody

X3

L0}

eouslajey

uopidjioseq einses|y

leqe1 einseely

(MN) meN Jo
(x3) Bunsix3

al

(penupuod) |-3 ejqeL

E-7



N 'sweisAs X
pejood-Jje Yum peo| Bujjooo jo uojioel) eyi-o} sejjdde einseslu
S|yl "J0joo mopuim wioyun Buipjaoid ejym ededs & oju|

suoljelnwis | Moeq jeey jue|ped Joejjed By} SW|ij JO BSN 84BW UBD SMOPUIM

ate 30a yuoN Apueojjiubls smopuim Bujoej 1sem pue Uinos Jo peg)
1661 ‘ADYINIX [ewley} 8y} eonpel 0} pesn 6q UED SWij} MOPUM peouBApY Xg-wijid mopulm X3 est

'seese AIp 1oy uj Jusjolje Ajjejoadse si | 100

sejelwljse Joyesodeas ue Buyslue Jje ey) joco-eid 0} Jeyem Bujjeiodens
ADHINIX | Aq peqlosqe jeey juele| 8y} sezjjin Jejood-aid eAjeiodes uy Xg-19]009-81d eAjjeiodeAs MN'X3 2st

‘UBALIP }S00-Isll} Ajowslixe

1661 S| 193/ell ey} se A}ljiqejieAe pejili| eAey Ajuesno sjyun

‘sBupsi 14V Xq Aousjoie-ubiq ‘11 0} §°g Woij peAciduil 8q uro sojjel
pue ADHIN3X Y33 'seele |00 Jebie| pue siojow Aouejolje Jeybiy Buisn Bujuoppuod Jy Xa Asus|oil3-UbiH MN'X3 IS4
gouelejey uofidjloseq elnses|y |eqe einsesy {MN) meN Jo al

(x3) Bups|xz

(penupuod) -3 9jqBL

E-8



2661 ‘Bueny
‘0661 ‘l00Q-UeA
‘UolEdIUNWILLIOD

jeuosied
pue einyeley

Jeanjoeinuepn

. . ileAeMmoy ‘sesed uieusd
ul ejqelisepun eAoud Aew eoueuUelUIRW peppe pue Aupiwny
peppe wbys ey1 ‘jenueiod 4o jeep jeeub e sey ABojouyoey
Buijooo jo edfy siyl wun ¥ piepueis e woi ABieue Buljood
Jenuue ey} Jo %/} Auo 0} seje|suel Yoium ‘g Ly se ybiy

se eJe sopes Aoueioye ABieue peuoder-seinoeinue 4,101
. o eunjesedwey ging-Aip jejul ue YUMm Jie 4,29 Addns ued
191009 J0 8dA} syl “Jeyun} eisnjeiedwe) ey} Jemoj 0} Apoeip
oBes puoodes e U Ajeaeiodeas pejood si Jie pejood-eid

eyj -JeBueyoxe jeey B uiyum Jie |0os-e.id 0} 8]2Ad Buijood
eAneiodeae ebe)s-1siij B sesn 1e|00d eAneiodeAe J08lipul Uy

BujI00D aAjeIOdBAT J094IPU|
0} OV (uojsuedx3 192.41Q) XA aseg

MNX3

SSi

1661 ‘10jAe |
‘1661 ‘ADYANIX

. "SWB}SAS Pejo0d-iie JeA0

@ouBUeLIBW peppe alinbes sweisAs pejooo-iejem ‘uolippe
U] ‘ejge|iBAR 8| Blep 1S0D piey Ou ‘ujeuesun Ajewenxe

948 SUOISIOALIOD LONS JO SI1SOD 8y} 'JGAOMOH °'Slue]sAs
P6|009-1j8 JO UOISIOAUDD WOJ 8|qe|ieA. [eueiod ey} eyedipul
0} POPNjoUl S| BINSBEW Sl °Pejood-lie uey} eAisuedxe sse)
Ajlensn si siy} eduis ‘pe|o0d AjeAneiodeae sAem|e Jsow|e ele
sweisAs Xa dn-jing "sJesuepuod eAjeiodeAe Yyym ying eq
ued (yowwepy ‘6-e) sebeyoed wWoIsSNO-jWEs BLLOS °Pe|cod
Aleaneiodene eq o) sezis Jebie| Ajpow piey} 0} ejqissod si

¥ yBnoyye ‘siesuepuod eAeiodeas Joj uohido Aiojoe} OU YuMm

pejooo-Jie Ajeipue Jsow|e eie sweisAs Xg pebeyoed ‘pejood |

Ajonjeiodens 10 pejood-iiB Ajjensn aie sweisAs X ‘pe|ood
-101em 848 swelshs Xa dn-ying liea AuQ ‘peinbes si eoeds
$80| pue siesUepuod pejooo-1ejem esn o) Jedeeyd Ajlensn

S| | ©9UIS ‘Pejo0d-JIe aJe Siej|Iyd me} Al ‘ebuel Jeyy eroqy
*SUO} 002 INOGEe UBY) SSO| 846)|IY2 10} 8Je SIesUspuOod pejocd
-J18 8nsieA uondo Ue eJe SJesUepUOd PSj00I-ISJeM 8i8UM
swieysAs UOWIWOD JSOW 8u} Je} Aq ‘pejood Aleaneiodene

10 Je1em eq Kew weisAs uoneieBiyes Aue ejjup eimeiediie;
qing-Aip jueique uBy} Jomo} sAemie sj Yolym einjesedwel
qIng-19m Jueiquie S| 8.0} BulALIp ey} eduls swielsAs pejood
Jie usy) sesnjeledwe) Buisuepuod Jemo| eAelyde LB sweisAs
pej00d Ajoaneiodeas Jo Jelep "weysAs Bujjood eyl Juseioie
eJow ey ‘Jojesodene ey O} St JOesuepuod ey) Jo eimeiedwe}
oy} Josojo 8y 1jBey Josseiduiod se |jem se ssedoid Buijood
ey} Ul peqJosqe jeey ey} joefes 3snw sweysAs uonelebiyey

XQa Paj009 13)BM 0} Paj00D-I|Y

MN'X3

Sl

90udi9}ad

uopdjsosaq ainseapy

Joqe] aunseapy

(MN) maN o
(x3) Bupsix3

ai

(penunuod) |-3 elqeL




‘y6Jy eynb s s| 100 [RIUBWeIOU] BY} ‘JoABMOH “IYBijAep
jo uopielieued ey} smoje ||jis pue sBujaes Bujjood seZjw|xew

‘suojejniujs sse|b s|y| ‘82’0 jo eouepjwsuel Y6yl e|q)s|A ejqeuosEe!
dl’c 300 osd © sujBjuBW ||1s pue 62°0=0S O Juejoljecd Bulpeys mof
PUB ADHINIX | 'A1eA & sey mopuim sjyL *,9'0=0S Aejewixoidde s| sBujpiinq
pue 166} ‘030 Jejoielwoo meu Joj Bujjul mopuim Wnwiujw $Z el eyl X@-§88|D 3-MO"] eouswWIoNad Wwnjpely MN 191
suojie|nwis *£6°0 Jo eoueyjwsues; W6ij 8jq)sjA ejqeuosEe)
(dl'e 3040 vs8 B SujBjujBW Ing ¥p'0=0S JO Jusjol}jecd Bujpeys moj
Pue ADHINIX | Aliey e sey mopum siyL '29'0=0S Aejewixoidde s sbulpjing
pue 166} ‘030 JejoleWwwoo Meu Joj Bujiujl mopuim WNWiu|W $2 ejil eyl Xg-sse|o pejujl eouswiouad wnjpeiy MN 091
'su|} Jesuepuoo Bujuejyblens
pue ‘sieyl Bujoe|del ‘syes| Jo} Bupioeyo ‘sjeas| Juelebijel
Jedoid Bujujeiujew ‘sjjoo Jesuspuco pue Jojeiodeae Bujueejo
1661 ‘ADHINIX sepnjou) wejsAs Bujuoypuoo Jje UB Jo eouBUB)UjBW Ojpoled X@-esusuejujely Bujjood MNX3 651
*sj0Jjuco oljewneud yym pesedwoo peyydwis Apeeib
eJe suojioun; jouod {OQQa) sjonuco jeubip 108.|p sez)in
SW3 eyl esnedeg °oje ‘jjoinys jusludinbe ‘yoeqies pue
plemiojies Joj pewweiBoid eq ueo g Uy swelsAs ABisue
Bujpjing jo jauuco pue Bujioyuow ojelIOINE JO} pasN We}sAs
1661 ‘ADHINIX peseg-ieindwoo e sj (Sy3) weisAs Juewebeusw ABieue uy Xqg-wejsAg juewebeuey ABleulz MN’'X3 851t
. *$10Z|WOoU0oe
noyum swejsAs Bujisixe o} e|qeo)jdde Ajuo s| einseew sjy}
‘uojjonlisuco meu Joj spiepuels ABieug vz ejuL Aq peljinbes
8J8 sJ0Z|WoUcds eduls 'Bujjoco jeojueyoew Juswbne
0} 40 Jo 8oe|d U| JjB WOOJ Jewiem UsY) Jeylel Jje episino joco
Bujfiddns Aq speoj jeuieju] pue Jejos O} enp Jeyyeem pjiw
1661 ‘lojfe | pue pjoo Buunp ueae speoj Bujjoco edusiedxe Lyojym Bujpjing
'1661 ‘ADHINIX | [ejoiswwoo uj eBesn ABisue Gujjooo eonpes siezjwouooe Jjy Xg-iezjwouody X3 lS)
266} ‘Bueny
‘0661 '|00Q-leA
‘uoljesiunwiwoo
|euosied *spojied Bujjoco yeed pue
pue einjessy| | plwny Buunp esn Joj dnxoeq e se jdey s) weisAs X Bulisixe dnyjoeg
Jainoejnuepy ey} 1ey) 1deoxe einsesw Bujpedeid ey} se elwes ey} s| S|y Xd Yyum Bujjood eAjjeiodeAy joe4|puj MN'X3 951
eduslejey uojidjioseq einseeiy |eqeT einseejy (MN) meN Jo al
. . (x3) Bupsix3

(penupuod) -3 sjqey

E-10



1661 ‘ABieuey

‘sisejjeq

1109/@100 [BUCHUEAUOD JO J8Xdi} ejqeljsepun ey} Bujjeujwije
sny} ‘Aouenbeyj Jeybyy e Je eleiedo sisejjeq djuolioe|3

* 'sinoy 000'0S INOQE S| Yojym isejjeq ey jo ejj| ejelwixoidde
oy} Joj} S| eyl| einseew ey} ‘sduie] Yem-p¢ |[& pue isejjeq
ojuosioeje ue yum ‘dwej Jem-yg euo pue sduwe| jem-op eely}
jo pesjdwod seqnj 100}-ino} # pue jsejjeq Bujres-ABieus euo
pue pJEpUE]S 8UO JO X{W B SBpN|oul 1B} 8inixl} 8sed eseq

e Bujoe|del Jo s}S00 [ejuewWweIou] 8y} seiedwod seinsesw siyl

‘90Y - Wel3/ped-v ot SI/ovd-v

166} ‘ADHINIX

"pepnjou} Jou sj Yolym pojied sjys jo pue
8y} Je enjeA [enpises ewos eAey Aew Jojos|je) ey] ‘sieek
0z Aybnoi Jo ey Ise|ieq Uo peaje|nojed ese siso) "selljjoe}

Auew 10} Jjonel uowwod AleA e s| §f ‘1easmoy ‘Apybls

sjeAe] 1yby| eonpes Aew einsesw ey) “yom BupesuiBus
pejejoosse ||je pue sisejjeq Bujjjeisu] ‘sjunow dwe

Bujaow ‘siojpeyies Bujueise; epnjou) sis00 JoqeT “iojoejjel
Jejnoeds & pue ‘se|jeq djualiosle | ‘sdwej 8] Wem-ge
1004-1n0} 2 YuM ‘dwe] Jem-pg euo pue sdwe| Jem-0p 8eiy}
jo pesudwod seqn} Joo}-ano} ¢ pue isejfeq Bujaes-ABieus euo
pue piepue)}s 8UO JO XjW B SBpNjou] JBY} einix|j eseod eseq

e Bujoe|de Jo 5]S00 [ejuelieIoy| ey} seedwod seinsesl S|yl

: gou-sio0e|jey Jejnoads 3
1se|jeq oJuolo8|e/m L8 L-Z O} einX|d Ovd

MNX3 c0¢e

eoueiejey

"Jsejjeq oluoioeje | pue ‘sdwej
‘81 Wem-gg ‘Jooj-Ino} ¢ Yum sdwe| Jem-yE |8 pue ise|jeq
ojuosoeje ue yum ‘dwe] Jem-yg suo pue sduse| Jem-oy ealy}
jo pesydwod seqnj} 100}-1n0} ¢ pue ise|jeq Bulres-ABieus euo
pue pJepue}s euo Jo X|W B Sepn|ou| jey} einixij esed eseq
e Bujoe|del Jo s}sod [BlUBWeIOU| 8Y) Sesedwod seinseew S|yl

'§'¢ j0 dOD
YuMm Yun uol-0| e Jo} s| juewsoe|dss edAjojold °Bujuolpuco

Jje XQ Yum peleinjes-ssoid ele jey) sweishs Buljesy
eourjsises oloeje Bupisjxe jo Jnowing uodn Jusweor|dey

gou-ej3/8leed-v o1 ovd-v

]

00000

5

R

goy-dwnd jeeH Jjy-ol-1ly
i
jeqe einseoly

X3 108

X3 102

(MN).meN Jo ai
(x3) Bupsix3

(penupuod) -3 ?jqeL

E-11



1661 ‘ABisuex

"}se|jeq ojuoioe|e | pue ‘sdwel

8.1 NeMm-gg '100}-1n0} ¥ Yum sdwe| Hem-i¢ |j8 pue ise|jeq
ojuosioeje ue yim ‘dwe] Jem-pg euo pue sdwej Yem-0p 004y}
jo pesjidwod seqn} 100}-ino} ¢ pue sejjeq Bujaes-ABleus euo
pue plepue)s euo JO XjW & Sepn|ou} JBY} einix|} 8sed eseq

e Bujoejdes Jo sjsoo Hjaiies ey) sesedwod seinseel S|yl

13g-wei3/gleed-v o1 ovd-b

X3

90¢

166} ‘ABleuey

_*sdwe} gg4 Jeinbel uey)
1461| eJow 95 ynoqe edonpoid pue Jejewelp Uj Jejjews Alybis

eJe sdwe| g| ‘24 "Isejjeq ojuoioeje pue sdwe| gJ, ‘ged -

Yum peoe|del Uojonisuco meu Jo} enixjj dwej-g piepuels

}sejjeq OjUo0J}08|9/M 81 O} 8iniX|} Ovd4-C

MN

90¢e

1661 ‘ABieusx

‘sise||eq sbujaes-ABisue

oM} pue sdwe| Hem-0p 88.y} JO SIS|SUCD Yojym ‘weishs eseo
eseq Bupis|xe ey} s edusielip AjUo ey} ‘UoHONIISUCO Meu

U| "0l6Z pelepisuco s| enjeA Jojoe|jel |enpjsel ey] ‘sieed 0z
JO ©j)j 1sejjeq UO pejB|nojed elB SIS0 '}1j0iie) UOWLCO B §|

1 ybnoyye ‘AwByis sieas| 1ybj| eonpes Aepy “iom Bujiesulbue
pejejoosse |je pue sise|leq Bujjjeisul ‘sjunow dwe| Bujaow
‘sioe|jel Bujuejse; epnjou| sjsoo Jogen 'lojoejjel Jejnoeds e
pue “isejjeq ojualoele | ‘sdwe| Yem-pE ‘100}-In0j g Yum duwe
Hem-pg ouo pue sduwe| Jem-0p eely} Jo pesudwod seqn; 100}
-ino} ¢ pue }sejjeq Bujaes-ABieue suo pue piepusis euo Jo
X|W e sepnjou] J8y} einixj} eseo eseq ucjionsisuco Buyisixe ue
Bujoe|del jo s}s00 [BjuUBLUBIOL| BU} SeJedWod seinsesil siy ]

goy-s40108}}8Y
-Jejnoeds B 98|3/¥€4-¢ O} 84nix|} ovd

MN'X3

S0¢

1661 ‘ABisusy

*'sysgjjeq sbBujres-ABleus om} pue sdwe| eely;

JO s}s|SUOD Yojuym ‘weishs eseo oseq Bujisixe ey} s| eousieljip
AjUo ey} ‘Uoj}ONIISUCO MU U| "pepn|ou| Jou s| Yojym pojled
S|4} JO pue ey} J8 enjeA |enp|se. eWos eAey Asw Joe}jel

8y ‘sieeA oz Alybnol Jo sy isejieq Uo peje|nojed eJe o)
*se|}||oe} AUBL JO} ¥}OJ18) UOWWOD AIBA B S| I| “IeAemoy
{AyBljs sjeae| ) eonped Asw einsesw S|y “om
Bupeeu|bue pejejoosse |je pue sisejjeq Bujjjeisu; ‘siunow
dwrej Bujaow ‘siojoe|jed Bujuelse} epnjou) s}sod JogeT
*Jojoe|jes Jejnoeds & pue ‘isejjeq ojuciiose | ‘sdwe| em-yg
100}-in0} € Yum dwe| yem-pg euo pue sdwe| yem-op esdy}
jo pesjidwod seqny 100}-inoj ¢ pue }sejjeq Bujres-ABisue suo
pue piepue}s euo Jo X|W B Sepnjou) JBy} elnix|} eseo eseq

e Bujoe|del Jo sjsoo [BlUBWeIOU| 8Y) SeledWod einsesll S|yt

g0y-siojoejjey
Jejnoedg B 08|3/¥€4-€ O} 8UNIX}} Obd

X3

yoe

eduelejey

uopdjioseq einseepy

jeqe] einseey

(MN) meN Jo
(x3) Bupsixg

ai

(penupuo9) -3 8jqelL

E-12



166} ‘ABleusy

. ‘sise|jeq
sbujaes-ABieus om) pue sdwe| Yem-0p 881y} JO SIS|SUCD
yojym ‘weiss esed eseq Bujisixe ey sj eouslelp Auo ey}
‘UDJ}oNJISUOD MBU Uj *pepnjoul 10U sj yojym poued siy jo pue

U} je enjeA [enpisel ewWos eAey Aew Joje|jel eyL °sieek 0F -

Alybnas Jo el] IsE||Eq UO pejejnojed SiS0) "YjOII8] UOWIWOO
® s Y ybnoyye ‘Auybiis sjenej 1By eonpes Aepy “yom
Bupesu)bue pejejoosse |je pue sise|ieq Gujjeisu) ‘sjunow
dwe) Bujsow ‘siojoe)jes Bujuejse} epnjou) sisco Joge
*Jojoejjel Jejnoeds e pue ‘jse|jeq ojucios|e | ‘sduiej em
-p§ ‘J00J-In0} ¢ puk )sejjeq Buires-ABieus euo pue piepuejs
8UO JO X|W © Sepn|ou| Jey} esnix|) esed 8seq UOJONISuo
Bujisixe ue Bujoe|des jo yjouies 8y} sesedwod seinsesws sjy|

134-slopejjey
Je|noeds % 99]3/pe3-2 ©) BINX}} Obd

X3

60t

1661 ‘ABieusy

‘sisejjeq sbuiaes

-ABieus om) pue sdwe| eely} jo s}s|suUcO Yojym ‘weisAs
esBd eseq Bujis|xe ey} s| esuslayip Ajuo ey} ‘Uojlonsisuco
MBU U| '048Z palepjsuod enjea Jojos|jel [enpisey ‘sieeA
02 Jo 8yj] Isejjeq UO palB|Nojed eJe S}SC) °}J04}8) UOWWOD
® s Y ybnoyye ‘Aybijs sjeae] by eonpes Aepy Hom
Bupesuibue pejejoosse |je pue sise|jeq Buljjeisu] ‘sjunow
dwe) Bujaow ‘siojoeyel Bujuelse} epnjou} s1Soo JogeT]
*Jojoejjel Jejnoeds B pue ‘|se|jeq ojualoe|e | ‘sdwe| Nem-pg
‘J00}-in0} £ Yym dure| yem-pg ouo pue sdwej Nem-of eeiy)
jo pesjidwod seqn) j0o}-ino} ¢ pue ise|jeq bujes-ABisue euo
pue piepue}s euo Jo X|W B sepn|ou] jey} einix}j esed eseq

e Bujoejdes Jo sisoo Jjjoiies ey) setedwoo seinseew siy|

134-8ioj09jj8y
lejnoeds @ 98je/yE4-€ O} 8JniXi} Ovd

X3

80¢

166} ‘ABieuey

*0J6Z palepisuod anjeA Jojos|jel [enpisey ‘sieek

02 JO ©J)] Isejjeq UO pele|nojed ele $}so0) "Jijoljel UOWWOoD
Keay *Aybjs sjens| Wby eonpes Aepy “iom Bujieeu|bue
pejejoosse ||e pue sjsejjeq buijjeisuj ‘sjunow dwe;

Bujaow ‘siojoejjes Buiuelse) epnjoul sjsoo Joge ] ‘lojosjjel
Jejnosds e pue ‘isejjeq ojuonoeje | ‘sdwe| 8] Nem-gg
‘J00j-Ino} Z Yum ‘dwe| lem-pg euo pue sdise] Jem-0p eeiy}
jo pesiidwoo seqn} 100§-iN0j ¢ pue isejjeq Bujres-Abisus euo
pue piepuejs euo JO XIW & SepNjoul Jey} ainixij esed eseq

& Bujoe|del Jo s}soo Yjjoiiel ey) seredwoo seinsesw sy |

134-slopajjey Jeinoeds 3
Isujjeq djuosoeje/m 81-Z O} eJnix}) Ovd

X3

208

eduelejey

uojidjioseq einsesyy

Jeqe] einseey

(MN) meN 10

al

(penupuo9) -3 sjqelL

(x3) Bupsixz

E-13



1661 ‘ABleuex

*eJe|b sse| Yum 1yby| jo sjunowe juejeainbe

AlyBnol Jeajjep |lim N0Ae| sjy] “Iooejjed Jejnoeds J00)-lybie

ue pue (seinx} g Jed | - peJjm Wepue)) Ise|jeq ojuolioe|e ue
#ey euo ‘dwe] yem-g/ BUO YYM ise|jeq Jeaes-ABieus ue pue

goy-ebexoed siojoe|jey Jejnoeds .8

MN'X3

€26

1661 ‘ABieuex

sdwe| nem-g/ ‘Jooj-1Ble g Bujoe|del sepnjou) esnseeu sjyL

*suojjeojjdde Ausw

u| ejqeidesoe pelepisuco Ueeq sey } ‘JeAsmoy ‘sjeAe| Juby
pesee.oep Alybijs seplaold ‘'}sejjeq ojucioeje ue pue sdwe|
wem-09 ‘Bujaes-ABieue om yym isejjeq Bujaes-ABieue pue
sdwe) yueoseionj} jooj-Wbie ‘Nem-g/ piepuels omy Bujos|del
JO SSEUBAII0B}e 100 |BlUBLWBIOU] 8y} Seiedwco einsesw Siy]

gou- 1s8jj8g djuoloe|3 B
sdwej (s3) Bujaes ABleu3 o} 7119842

MN'X3

443

166} ‘ABisuex

"}S8||BQ djuQl0B|e UB YlMm sdwe|
wem-gZ oo} 1bje pue isejjeq bujaes-ABieue ue Bujoe|del
1O SsOUBAIIOB}je SO0 |ejueLeIoU] 8y} sesedwoo elnsesw sy

goyu-ise|jeg ojuoljoe|3 o} §3/21196d-T

MN'X3

ce

166} 'ABlsuey

‘sise|jeq

|l00/6100 [BUO}UBAUDD JO JOXO}j} Bjqeljsepun ey} Bujjeujwyje
sny} ‘Aouenbeyy Jeybjy e e ejeiedo sisejeq ojuonoe|g

"SiNoY 000°0S INOQe S| Yojym ‘ise|jeq ey} jo o ejew|xoidds
ey} 1o} s| ey| eJnseelw ey ‘sdwe| Jem-yg ||e pue isejjeq
ojuosjoe|e Ue Yum ‘dwej Jem-pg euo pue sdwe| em-op eeiy}
jo pesidwoo seqny Joo}-ino}  pue sejjeq Bujaes-ABieue

8UO puB pJjepuejs 8uo Jo X|W B SOPN|OU| JeU} 8injX|} 8Seo
eseq e Bujoe|dey Jo sisco Jjouiel ey} sesedwoo einsesiu sjy)

134~ 198|3/4Ed-b O S3/0vd-v

X3

437

166} ‘ABreusy

. *A|Bujploooe pejsn[pe
ueeq sey Joe} Aljiqeodde ey} (sedjyo sse|mopulm

puB |sweju; ““e°|) sesed ||8 o} Ajdde jou |j|m einsesw sjy|
'elnix|} Jod ese sbujaes pue jsop “Aep ey} Buunp ejqejjeAe
sewooeq JybijlAep eiow se seolyo Jejewyied uj (Bujyoyms
Areuq e|A) siybij oi10eje Wip O} pesn 8Je s|0UOD ||820}0Yd

seinix|d p-Bujwwiq jlecojoyd peddelg

MN'X3

3>

066}

‘I8Yyolep Hepm
-18|pueyQ Apuy
YUIM UONESIeAUCD
[euosied

166} ‘ABieusyx

*Aresseoeu uey) Jebuoj uo Bujujelwss woly syybj| pesnun
WeAe.d s|oJjuco esey| ‘ewy Jo junowe jeseid e Joj Uo
peyoums eJe sjubi| ‘uojioelep uodn "Woos e Uj UojOW esues
0} s8ABM pal-eijU| IO SjUose}N sBsn Josues Aouednooo uy

saJnix|4 ,p-Josues AouednooQ

MN‘X3

oie

eouelejey

uo)jdjJoseq einseeiy

leqeT] einseely

(MN) meN Jo
(x3) Bupsix3

al

(penupuoo) L-3 9|qeL

E-14



166} *ABieusy

‘wey} eoejdes
o} Joqe| pue sdwe| Bupis|xe jo s}sco Welweoe|des pepjoe
ey} Jo enjea jueseid 8y} sepnjou] }SoO eJnseew ewlie}] eyl

Juecsesoniy wedwod
1BM-g} O} JU8OSepUBDU] NEM-GL

MNX3

ISE

1661 ‘ABleusy

‘sdwe| eseq snsieA einseowl

ey} jo e} vo«o&xo U} Sedusleyip O} enp ‘weyj soejdes

0} Joqe| pue sdwe] Bupisxe Jo S1S00 uewWwaoe|del pepjoAe
e} Jo enjea jueseid ey} sepnjou} 160 einsesl ewiiel| eyl

juessesoni} oedwod
neM-gl 0} JusdosepusdU| }ieM-09

MN'X3

ive

1661 ‘ABlreusy

, -AjBujpioooe peisnipe ueeq sey (jepow

WSQ 8y} uy) Jojoe} Ayjiqed)jdde ey *(sedjjjo ssejmopujm
pue [euieju] “e°}) sesed |je o} Ajdde jou |im einsesw syl
*g.nix1} Jed ese sbujaes pue jso) “Aep ey} Buunp ejqejjee
souwo09eq ybjjAep eiow se sedijjo Jejewed uj (Bujyoums
AKieu|q ejA) siybj| ouloele Wip O} pesn ele S|0juod ||8doloYd

seinixj4 ,8-Bujwwig l1esoloyd peddeis

X3

8¢¢

0661

‘184ole M HeM
-1e|puey) Apuy
YUM UOHJeSIeAuDD
[euosied

‘1661 ‘ABireusy

-Aresseoeu ueyj Jebuo) uo Bujujewes wouj siyby| pesnun
jeAed $j0JjUCO 8say| “ewj Jo junowe jeseld e Jo} UO
peyoums ele sjybjj ‘uojjoejep uodn "WoOI B U UOHOW Bsuses
0} SOABM pal-elju) Jo ojuosesyn Bujsn Josuss Aouednodo uy

soinix|d .8 Josues AouednaoQ

X3

a4

1661 ‘ABieuey

*eJe|b sse| yum yby jo

sjunowe Eo_azsco Aybna Jeajjep |lIm 1noke| siy} “iojoeljel
sejnoeds J00)-1yBje ue pue (seinixj} g Jed | - pelim wepuey)
isejjeq ojuocsoeje Ue jjBy euo ‘dwe| yem-G/ euo YUM ise|jeq
JeAes-ABieus ue pue sdwe| Jem-g/ ‘Jooj-1ybie g Bujoejdel
JO sseusAoe}e iS00 Yjolles By} seiedwod einsesw siy|

134-ebuyord siojoejjey Jejnoeds .8

X3

92e

1661 ‘ABieuey

‘suopesyidde Aueuw uj ejqeidecde si )} ‘ieAemoy isjeAe) 16y
peseelosp AyBils sepjaold ‘isejjeq djuocipeje ue pue sdwej
nem-09 ‘Bujaes-ABieus om} yum isejjeq Bujnes-ABieus pue
sdure| weoseiony} jooj-Wbie ‘Nem-g. prepuels om) Bujoe|del
1O SSEUBANO8}e }S00 Jjoljel ey} seiedwod einseew siy L

134-isejieg 9juonoe|3 3
sdwe) (s3) Bujaes ABieu3 o} 211964-2

X3

14

1661 ‘ABleuey

Jsejjeq ojuaioeje ue yium sdwel
nem-gZ 100} yBje pue ise|jeq Buiaes-ABieue ue Bujoedes
}Jo SSeUBA08lje 1S00 Jjoljel By} sejedwoo einsesw S|yl

134-1sejjeg d|uodioe|3 o} S3/2H1964-C

X3

yee

eouslejey

uojpdjioseq einseely

|eqeT einseey

(MN) meN Jo
(x3) Bups|x3

ai

(panupuoo) -3 s|qel

E-15



686} ‘ldd3
‘1661 ‘ABleuey

*SOAjBA Uojsuedxe Lod peouejeq o} eAjjeuls)e

' Ue 848 seAjeA Uojsuedxe ojuosoe|g ‘Bujim Alesseoeu ey} |8
Jo esneoeq |jeisu| O} seAjeA Yod peoue|eq o 1ey} sew|} eely}
10 oM} 8] UoJUM ‘ISCO UOjIejjelsu] 4|8y} S| SeABA uoisuedxe
ojuolioeje YUMm doeqmelp ¥ 'einjeiedwse) Jje ebieyos|p esed
Aejds|p Juejsuoo esow e Bujujejujew elojeisy} ‘leeyledns jo
uofiejnbeJ Jeyloows Jo} smojje S|yl ‘peienioe Ajjeojuciioe|e
S| OAJBA OJUOJ08]@ BY) ‘palenioe Ajjeojuelosl S| BABA

Hod peougjeq ey} eieyp |osjuco einsseld peey moj Alea

J1o Bupjeoy} jo uojeledo ey} mo|je seAjeA uojsuedxe ojuolo8|]

soAjeA Uojsuedx3 ojuoloe|3

X3

20)4

6861 ‘14d3
‘1661 ‘ABieusy

*SOAJBA Uojsuedxe ojuoljoeje O} BAjjeuls)e

ue eJe seAeA Uojsuedxe Jod peouejeg 4.5 UBA®

‘sew|} e 4o 4,09 “"B'e ‘lemof ueae Jo 4,0/ jo seinjeledwse)
0} UMOp 1eoy} 0} e|qe e.e seinjeiedius) Bujsuepuco

‘seAjen uojsuedxe yod peouejeq YIM “d.56 O} 06 punaie
AjjeoldA} ‘enjeA pex|} Jeeu e e idey eq Jsnw seAeA uojsuedxe
oeysowdey) Bujhojdwe weisAs uojjeiebijel B Jo einjeledws)
Buisuepuoo Jo einsseid peey wnuwjuly ‘ebuel peyw)| eiow e
18A0 Auo ejeledo ued eAjeA Uojsuedxe Ojjeisowley} ‘piepuels
e seeleym ‘ebuel einsse.d Jeju| ebie| B Jero moj} Juelebiljel
o|noJy} o} Aljiqe ey} eABY seABA uojsuedxe Hod peouejeg

aAjeA uojsuedx3y Hod peousjeg

E-16

coy

6861 ‘|Hd3
‘1661 ‘ABisusy

Aiojeue|dxe-jjes

R

4

Jesuapuo) JojelodeAs ez|sienD

444

W6 Jeyym

‘Ajenb Jeyeq e sepjaroid pue esn ABieue seonpel uebojey gOY-HVd uebojey €2

'066| ‘ABleuey | nem-06 & Yum dwe| Hyd lusosepueou] yem-0g1 e Bujoejdey Hem-08 0} HyYd Juedosepuedu| Bem-os} MNX3 L€
‘weyy eve|deJ o} Joge|
pue sdwej bujis|xe jo sisoo jJusweoe|del pepjoAe 8y} JO enjeA

Jeseld ey} sepn|ou| }so0 einseew ewpey) eyl , Bupyby 10}08|}84/M JUB0s8lON]|} 1oBdWOD
1661 ‘ABisuex ue, lo pessedel U| 8Aloeye Aejoedse s| Jusweoe|des sjy] }1eM-gZ 0} JuedsepusdU| Hyd BM-00} MN'X3 oe
eouelejey uojidjiose( einseeiy |eqe einsseiy (MN) meN Jo al
(x3) Bupsixg

(penupuod) -3 ajqeL



6861 ‘i4d3
‘1661 ‘ABisusy

*suojjesijdde einjeledius) Wnjpew JOj 8ACGE Se eWes

uopons pinbj1 jsweixg dwel-wnjpey

686} ‘|Hd3
‘1661 ‘ABieuey

*$16]00OQNS [BSjUBYOBW

0} eAjjeule}e Ue elie sieBueyoxe jeey uojons-pinby -

jeulelxg ‘eseo Aejdsip ey} uj euop s} Buidid yuelebujed ey} jo
Bupepjos ey} seeseym ‘eseo Ae|dsip oy} jo episino psyoeye
ele sieBueyoxe esey} jey} sejyubls feuseixe wie} ey

‘sesed Ae|dsip Jsow o} payoele eq Aew yojym ‘siebueyoxe
ey uopons-pinbj| jeuleixe pejjeo AjjeaidA} ‘subisep
aqnj-uj-eqn} e|dw|s ess siebueyoxe jeey esey] ‘seul| uojjons
pue pinbj| ey} jo Bujiep|os ey} se Yse} ewes ey} ysijdwoooe
o} peiejjo ese siebueyoxe jeey ‘iejsuel} jesy uojions
-0}-pinbyj el elow Jo4 ‘usjque ey} wouj seb uojions
ey} 0} ujeb Jeey ey} sejebeu pue Juelebujes ey} jo Aoedes Jo
10eje uojjesefiljes ey} seseesou; s|y| ‘sesed Aejdsip ey} o}
Buimoyy yuesebpjes pinbyl ey woiy yesy qosqe o} esed Aejdsip
ey} Bujixe seb uojjons ey} Jo jejueiod ey} jo ebejueape

|In} exe} o} s| eBueyoxe jeey sjy} jo esodind ey] “lejsuei}
Jeey uojions-o}-pinbj| ejee.o o} epio ul Jeyjebo) pesepjos

s| eseo Aejdsip & uj Buidid uojons pue pinbj| ey) ‘usyo

6861 ‘14d3
‘1661 ‘ABisue)

edouelejey

"slejoooqns eAleiodeAe ejows)

0} eAljeuwle}je Ue 8ie sI8joocoqgns jue|quy ‘JUeLUCIAue
Juejque eyj o} uojioefes Bujreey Aq 3,51 O} § woyy

elsymAue einjeiedwse) Juesebilyes pinbjj eonpsi o} Aljjjqe ey}
sey )j ‘epjs Aijua Jje ey} je ‘Jesuspuod waejsAs ey} epjsino
o ujyum pejesol Jebueyoxe jesy e sj Jejooogns jusjquie eyj
5 SR

uopidjiose( einsesyy

uojiong pinbj jeuleix3 dwel-moT

§19]00)-qn§ jus|quiy

{eqe enseeiy

MNX3 90Y
MN'X3 Sop
MN'X3 yoy

(MN) meN Jo ar

(x3) bupsix3

(penupuoo) |-3 e|qel

E-17



686} ‘|Hd3
‘1661 ‘ABieuey

‘suojjesijdde

einjelediue} Wnjpal Joj 8ACQE Se ewsg “Aous|olye yBiy
elB $¥oRl 850U} UO 8J0sseIdwod |j8 Jou 's)oe) Josseldwod
ejdjynw esn sjexsewuedns jo uealed 6 YBnoy) uea3

xejdpiny Aouejoly3 ybiH

MN'X3

434

686} ‘14d3
‘1661 ‘ADleusy

6861 ‘|Hd3
‘1661 ‘ABieusy

‘weisks uojjelsbiijes Jexpewiedns

euoje-puejs B Uj Jemodesioy pejjeisu] |eio} jo wedled

05 Inoqe Joj sjunoooe AjeoidAl yojum ‘temodesioy g uey)
Jejeelb sjepow uj peie}jo ee siossesdwod Aouejojjje YbiH
*Aouejoyye ybjy pesepisuco s} no-ebueyd B U] (433) ojel
Kouejoyje ABieue Josseidwod ey u) ueweAcidw) edled

01 ®© noqe Bujpje|A Jossesdwoo e ‘AjjeoidA) ‘eoe|d uj Apeelje
S| yeym Jeao Aousjo|ye uj Jusweaoldw) Jueojjjubls Jeyo yojym
siosseidwoo se peujjep eq osseidwoo Aouejoiye ybBiH

R

'suojieoijdde einjeiedwse) WNipew Joj 8ACHE SB BWES

siossaidwio)
euoje-puels Aouejolya ybiH

X3

oLy

Bujjoooqng jedjueyoely dwel-wnjpey

MNX3

80y

6864 ‘14d3
‘1661 ‘ABieuey

*jebueyoxe jeey uojjons

pinbjj jeweixe o} eAjBUIB}E UB Bl8 $18]000QNS [BOjUBHOBN
"pezjjes’ 8q ued 4,05 03 dn jo einjeiedwe) pjnbj| uj sdoip
‘Bujjoooqns [edjueyoew yym ‘einjesedws) pinby| Bujonpel

10} eAjoe}je elow osfe ese Aeyl ‘suojjesidde Jjoliel

uj [feisu} 0} Jejdwis yont puB I9jjelus eJe puB Jesuspuod
8y} 0} payoele eq O} pesu Jou op sjun esey} eou|s
suojie|[elsu} Jjolied Jo} s1e|oocogns Jusjquie Uely} UoWWOoD
elow eJe Aey| ‘juelsbyiyes pinbyj eyy jo Bujjocogns (Jusique
puoAeq ‘*e'1) Jeyun} eAs|yoe ued siejoodqns |BojUBYISN

Bujjoon qns eojueyoey duwei-mo

X3

L0V

eoueuejey

uopdjioseq einseeiy

joqeT] einseepy

{MN) meN 10
(x3) Bupsix3

a

(penupuo) -3 8jqel

E-18



6861 ‘I4d3
‘1661 ‘ABieuey

~oel Jed euo

Ajuo Bujsn o} eajjeuleye ue s| siossesdwod peeds ejqeleA
JO Yol |in} @ Bujs ‘eAlloeye-1sco uolelinbijuos jo edfy

SIy} eyeuw Jou seop SieUeAU] Jo 1800 Lbjy ey} ‘peeds e|qeliea
ele siosseidwod |je ueym Jajeeib ese sbujres ABisue ey}
ybnoy} °siossesdwod peeds ejqeireA Yum yoel uojiesebyel
eJjjue ue dinbe o) s] uojesebyijes 1exseuledns o} ABojouyoe}
Josseidwoo peeds e|qeuea Bujfidde o} yoeoidde seyjouy

. Mouy Jossesdwod
xe|dpnyy peeds e|qeleA lind

MN'X3

12134

6861 ‘iHd3
‘166 ‘ABieus)

. - “yoel peeds
ejqeueA [N} ey} o} eajjeulelje ue s| joel Jed Jossedwoo
peeds e|qelieA euo Buisn) ‘peeds iosseidwod peonpel

"¢ BujpjelA ‘Qy peijnbel ey} o} peyeAucd pue Aouenbei;
peljsep ey} 0} peonpe. uey} ‘0Q o} pebueyo s| peaiedal
Juenno ey °Aousnbei; Oy piepuels ey} e Juelnd ouloe|e
SOAI008J UOjUM e0jAep B S| JeueAu| Aouenbelj ¥ uojelebyjes
1eyewiedns u} Josseidwoo peeds ejqelieA B Jo uojedjjdde
UOWIWIOO JSOW ey} S| SiYyl ~joed ey} uo pesodwi| peo)
8jqepeA ey} jeew o} Jepio U] Jsow ey} se|oko Josseidwod siy}
_ 8oujs “1eueAu] ue yum peddinbe s yoei ey} uo Josseidwoo
1se||ews ey} ‘Ajjeseusy) ‘ieleAu] Aouenbely B Jo esn ey} Aq
peueA s| peads Josseldwoo ey ‘iosseidwod peeds ejqelieA
B Yyum peddinbe eq Aew Yoel ey Hjoes Josseldwod xe|diyni
e jo Buyorew Ayoeded ey} enoidw Jeyun; o} ydwene ue uj

yoey xeldiuniN
Jo} Jossaidwo) peads ejqelieA ejbuis

X3

434

eduelejey

uondjioseq einseeiy

jeqe einseepy

(MN) meN Jo
(x3) Bupsix3

al

(penupuod) L-3 ejqel

E-19



'8U|-yoee) poo} UeZal) Jo SJOOP UO pesn el
siejeey Jeems-jjue ‘AjeojdA] -eseo Aeds|p uj-yoeed B Jo JOOP

686} '1Hd3 8p|su| 8y} U Jsalj pue ejesuepuco jo dn-pjing sAeid o}
'1661 'ABieuex | s| Jejesy (syesuepuOO-jiue JO) JeBMms-jjue Ue jo esodind ey, §|0J}uo) 10)80H JBOMS-]IUY MN'X3 6iv
"uojje|jeisu) sy elojeq eseo Aejdsip
ey} jo Aiqwesse Buunp pejjeisuj eq osje Aew inq ‘suojie|jeisul
yjones uj peoejdel Ajisee ele sI0)oW 8S6Y ] °SIOlOW BSBD
6861 ‘|Hd3 Ae|dsip piepuejs jo Afiieue ey} By Jnoge eWNSUOD Jexiew siojop
‘166 ‘ABieuex 8y} uo ueg esed Ae|ds|g Aouajoiy3 YbIH MN'X3 8y

e|qejjeAe siojow ue} esed Aejdsip Aousjoie YBiH

6861 ‘lHd3
‘1661 ‘ABleuex

00008

000020 g
RN 22 P00

: i v

*suojiedjjdde euoje-puels Joj 6A0OQE SB BWES

euole-puelS 1504}8Q $8Y J0H

X3

Sly

686} 'ldd3
‘166 ‘ABisuey

*Josseldwoo

8y} o} speedold uey) seb pejesyledns ey] 'sejeiodens

¥ eleym ‘JeBueyoxe Jesy ey} 0} speeocoid usyy pinbl| sjyl
'$)|00 8Y} Jj0 1s04) ey Bunjew ‘sesuepuco Y eleym Jojeiodens
ey} 0} spescoid uey) ‘leymewios pejoco s| seb ebisyosip s|ul
‘siojeiodene Bujisaljep ey} woij pinbj sejesodens j) eleym
JeBueyoxe jeey eqni-uj-eqn} & ybnouy) sessed Josseidwioo
oy jo seb efueyosip joy ey] ‘isoijep eouejsisel olioe|e

0} eAjjeule)e JUB[O|}je Ue S| jsoijep seb JoH 'sexoq uj-yjem
pue seseo pejelebyjel einjeiedwe) mo| u) pesn Ajjeieusb
eJe siejeey eoue}s|sel 0ijo8|3 '8N0 MOj} JjB By} ulyim
pejjeisu] sieygey eouelsisel djiloe|e Jo esn ey} Aq peueisey
eq Asw sseooid Bupisaljep eyl '||o0 By} JO 1s0.) 8y}

yow pue dn wiem o} esed Aejdsip ey} ybnoiyy Bupenoljo Jje
8y} Buimojje pue Jojeiodens ey} o} juelebiljes jJo Moj} ey} o
Bunys Aq pejsoljep eq Aew s)jo0 Jojeioderd ey| ‘peAcwsl
8q Isnuw ||oo ey} uo uojjewlloj isol} sjuy ‘Aep ey inoybnoly)

sew|} Jnoj o} euo ‘AjjeojdAl "eseo Aejdsip ey} jo uojjeiebuje.-

Jepujy o} ybnoue pejonlisqo s} Mojuje ey} eJeym jujod B o}
spjing AjlenjueAe jsol} ey ‘isod} s ||o0 ey} Uo sejejnwnode
1100 eyy ybnoayy Bujmoi) Jje ey} Wolj einisiow ‘4.2e

mojeq seinjeiedwe} je ||00 Jojeiodeae ue jo uojeiedo Buung

xa|dj}ini\ 1s0djeq s8D J0H

X3

1434

eouejejey

uojidiioseq einseeiy

i

|jeqe einseey

(MN) meN Jo
(x3) Bunsix3

a

\f

(penupuod) -3 sjqel

E-20



‘syo0j0ewy Aq ‘suojjesidde Jejjews uj Jo ‘weisAs
SIN3 ue ejA paysjidwodoe eq Wbjw se ewp uni Jojow
1661 ‘ABisuey pezjwndo woJy sbujaes pue s}jsco sjueseides esnseew siy (sw3) sjolyuod HJOMO Jolo MN'X3 ¥0S

. *S|0IJUCD BUBA J8jU
sjqelBA sey Apeelje Jey} weisAs QYAH ue U} Jojow plepuels ,
1661 ‘ABisuex e Bujoejde. Jojow eAyp peeds ejqelieA B si einseew sjy| eseg AIA YHM JOJON ASA MN'X3 €0S

‘sjojow Aouejojye 1emoj Bupsixe jsow ede|des Ajjsee

ueo siojow esey] -uojidwnsuco ABieus sonped o} ubisep
peacidw| pue sjuediiqn| peoueApe elow ‘seauess|o} Bujeeq
166} ‘ABisusy Jemo] ‘sBujpuim Jeyyby

=

c0s

LT RULISE]

S %

i s i

.Em_ooo.c_ x_.m}. 2.32392 .
6861 |Hd3 wnjpew jo Aouejolje ey} eAociduj osje Ued $16[00d Uj
‘1661 ‘ABieuey | >em einjeiedwe} moj uo pesn Auowwod ‘sujeund duis JAUIA | §19]00D Ujj|EM 1O} SUIBUND diis 1AUlA MN'X3 ecy

*SIO0p U-yoeal 0} eAljeUIS)e UB
ele sujeund duis JAUlA “Jojoeljuco-leinjoeinuew uolielieblyel
1exuewiedns Buipee| ey} o} Buipioooe ‘sjexyew.edns Auew Aq
PeIOoAE} JOU eJe SNy} pue eAlSele WO} Jej ele Jusliedueyue

S|U} JO 80UBJUBAUCO puE Sojieliser oy} ‘Alereunuojun
*sBujaes ABieue jo epniubew swes ey} jou ybnoy; ‘suj-yoeel

6861 ‘IHd3 uo sioop sg Jijeueq jo edA) ewes ey} J8jjo sedA} snojiea
‘1661 ‘ABiauey Jo seseo Ae|ds|p einjesedwse} wnipew Jo} sujeund duis JAUIA sese) Aejds|q Jo} sujeund dins JAUIA MNX3 YA
6861 ‘I4d3 dwe] wnjpsiy

‘1661 ‘ABieuex ‘suopeojjdde einjesediue} Wnjpsu J0} 8AOGE SE 8lUeS -sase) Aejdsig uj-yoeey Jioj si00Q MN'X3 ey

*sujeuno dujs JAUjA O} eAjjeule}je ue ee

sioop uj-yoeey ‘Alojoej ey} Je sesed einjesedwe} Wnjpew

0} peppe eq Aew si00p ‘uowwod jou ybnoy] ‘siosseidwod
8y} ‘Anuenbesqgns pue ‘Jojeiodess ey} Aq pezjjess speoj jusie|
pue e|qisues 8lj} 8anpel pjnom sesed esey} 0} sioop Bulppy
wewd|nbe piepue;s jou ase sioop pue esed Ae|ds|p jo j00}
Jed peo] isejeeib ey} eousjiedxe seses Aijep ‘suojjedjjdde

6861 ‘|Hd3 einjesedwel-wnipew jO ‘peyoele sicop YUm peinjoejnuew dwej]
‘1661 ‘ABreusy Mou ele sesed u-yoeel einjeledwse) mo| pue moj Aiep moy-sese) Aejds|qg uj-ysesy Joj sio0Qq X3 ozv
edouelejey uojidiioseq sinsesi |eqe einseeyy (MN) me\ Jo al

(x3) Bupsix3

(penupuod) -3 9|qel

E-21



'sOd plepuels Yum petedwod dojde jo sbulres

soueiejey uopdiioseq einseeyy

jeqeT einssepy

(MN) mep Jo
(x3) Bupsix3

066} ‘Yeyiedwon ABleus pue s}s00 |ejuelleiou] ey} sjueseldes ainseew syl ABojouyos] dojden o} Od eseg MN'X3 <08
"lemo| 8q Aew eouejdecoe Jewoisno ‘sejnujw
mej e Ise| Aew sew)} Uejses eou|g 'spoued ejpi Buunp

0661 “eyjedwon 8pOL |0JJU0D JeAes Jemod B YIm Jeidoo € s| einsesw siyL Jejdop Agpueis 03 Jejdoo eseg MNX3 108

a

(penupuod) L-3 9|qel

E-22



APPENDIX F
GLOSSARY OF DSM-RELATED TERMS AND ACRONYMS







APPENDIX F
GLOSSARY OF DSM-RELATED TERMS AND ACRONYMS

The definitions below are arranged by general supply curve energy service class.

A. GENERAL DSM TERMS
AHAM Association of Home Appliance Manufacturers
ANSI American National Standards Institute
ARI Air Conditioning and Refrigeration Institute

ASHRAE  American Society of Heating, Refrigerating, and Air
Conditioning Engineers

BSR Board of Standards Review of ANSI |
CFR : Code of Federal Regulations
HVAC Heating, Ventilating and Air Conditioning

1. Load (Electric Power Measure)

In reference to electricity, "load" refers to the instantaneous rate of energy use, often
called "power," expressed in watts. The electric load of a common household clothes iron
is about.1 kW, for instance, which uses electricity at 10 times the rate of a 100 W
incandescent bulb. Electric load impacts are an important part of conservation analysis,
since monetary benefits in terms of delayed plant startup time may be applied to
measures conserving energy used during major "peak-load" periods, like space
conditioning during August afternoons in the South or winter mornings in the North.

2. ' Load (Energy Consumption Measure)

While care must be taken to distinguish this interpretation of the term load from the
electric power measurement discussed above, energy conservation analysts use the term
load in reference to the net energy requirements for an enduse activity, expressed in Btu,
therms, or kWh per year or season. It is usually prefaced by a phrase defining the enduse
category (e.g., "heating load," "cooling load," or "water heating load"). For example, the
heating load for a gas space heating was reported as about 296 therms in one utility’s
service area, which, given that the average efficiency of gas heaters in the area was 63



percent, resulted in consumption at the meter (the UEC, as defined below) of gas space
heating in the area of 470 therms per year (= 296/0.63).

3. _UEC (Unit Energy Consumption)

An energy conservation modeling term, probably with roots in Oak Ridge, Lawrence
Berkeley Laboratories and/or EPRI energy conservation modeling activities. Whereas no
explicit definition was found in the literature, UEC is, from context, the average annual
energy use of a specific energy service class defined by end-use sector (residential,
commercial, or industrial), energy utilization classification (e.g. water heating or space
heating), and geographic/climate-zone (e.g., Southern California/coastal) considerations.
Also, the implication from contextual usage is that UEC means energy use at the
customer’s meter, i.e., not including utility primary supply or distribution losses, but
including efficiency losses downstream of the meter. For example, one California utility
claimed in a recent DSM filing that the UEC of gas water heaters in their service area is
210 therms per year, but after losses of 50 percent, water heating load was only 105
therms per year.

4. EUI (Energy Utilization Intensity)

Another modeling term related to UEC and not well defined in the literature where it
has also been termed “"energy use intensity” or "energy utilization index." From context,
EUIs are energy use rate parameters used especially in commercial and industrial sector
conservation analysis, to allow estimation of the total annual usage (i.e., the UEC) for a
specific energy service class, given data on building square footage. For example, a report
for a California utility found that the initial cooling EUI for medium-sized offices in their
service area was 5.47 kWh per square foot per year, but that the variation was between
2.85 kWh/ft* and 7.45 kWh/ft* due to changes in climate zone and base technology”.

B. TERMS RELATED TO APPLIANCES

1. Adjusted Volume (AV)

A volume measure used for standards calculations for refrigerator-freezer annual
energy consumption. AV is calculated as follows:

AV = FVF * (freezer volume, ft*) + (refrigerator volume, ft°)
where FVF is freezer volume factor, commonly 1.63. A refrigerator-freezer with a 15 cubic
foot food space and a 5 cubic foot freezer would have an adjusted volume of 5 * 1.63 + 15
= 23.15 cubic feet.

2. Freezer

A cabinet designed as a unit for the freezing and storage of food at temperatures of
32°F or below and having a source of refrigeration requiring energy input.

ISDG&E Technology Load Study Final Report, XENERGY, Inc. May, 1992, p 2.23.
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3. Freezer Volume Factor (FVF)

The multiplier for freezer volume to add to refrigerated volume in calculating the
NAECA standard energy usage is the freezer volume factor. FVF is 1.44 for refrigerators,
1.63 for refrigerator-freezers, and 1.73 for freezers.

4. Refrigerator

A cabinet designed for the refrigerated storage of food at temperatures above 32°F,
having a source of refrigeration requiring energy input. It may include a compartment for
freezing and storage of food at temperatures below 32°F, but does not provide a separate
low temperature compartment designed for freezing and storage of food at temperatures
below 8°F.

5. Refrigerator-Freezer

A cabinet which requires the use of energy input for its functions, consisting of two or
more compartments, at least one of which is designed for the refrigeration and storage of
foods at temperatures above 32°F, and with at least one compartment designed for the
freezing and storage of food at temperatures below 8°F which may be adjusted by the user
to a temperature of 0°F or below.

C. TERMS RELATED TO SPACE CONDITIONING

1. Air Conditioner

One or more factory made assemblies which include an evaporator or cooling coil and
an electrically driven compressor and condenser combination; it may also include a
heating function. -

2. Annual Fuel Utilization Efficiency (AFUE)

An efficiency measure applied to fossil fuel-fired heating devices. AFUE is the
fraction of the energy content of the incoming fuel consumed by the device which is
converted into useful heating of the space (as opposed to being lost "up the stack" or used
as motive power for the device). A typical value for a gas central heating system is 0.76,
or 76 percent.

3. Central Air Conditioner

An air conditioner that is not a room air conditioner.

4. Central Air Conditioning Heat Pump

A central air conditioner that is capable of heating by refrigeration and that may or
may not include a capability for cooling.



5. Coefficient of Performance (COP)

For heat pumps, COP is the ratio of the rate of useful heat delivered to or extracted
from the conditioned space by the complete heat pump unit, exclusive of any auxiliary
heating functions, to the corresponding rate of energy input. COP is measured in
consistent units such as Btus, with kWh converted to Btus at the rate of 3.412 Btu per
watt-hour, as tested under specified operating conditions. COP is dimensionless. Typical
values fall in the range of 2.5 to 3.0, which would be equivalent to overall efficiency of 250
to 300 percent. If a heat pump’s EER (or SEER) is known, then COP is EER (or SEER)
divided by 3.412.

6. Energy Efficiency Ratio (EER -- of air conditioners)

EER is a measure of the cooling performance of room air conditioners; it is sometimes
applied to heat pumps while operating in cooling mode. EER is the cooling capacity of the
unit in Btus removed from the conditioned space per hour, per watt-hour of electricity
consumed in the process, measured under regulated test conditions. Typical values are
7.0 to 9.0 Btus per watt-hour. EER multiplied by 100 and divided by 3.412 gives the
overall energy conversion efficiency - e.g. EER 8.0 lmphes 8 * 100/3.412 = 235 percent
efficiency.

7. Heating Seasonal Performance Factor (HSPF -- of heat pumps)

Heating Seasonal Performance Factor. A measure of the seasonal heating
performance of heat pumps, HSPF is the total heating output of a heat pump (in Btus)
during its normal heating period, divided by the total electrical energy input (in watt-
hours) for the same period. HSPF incorporates performance measures for varying outdoor
temperature, losses due to cycling and defrosting, and auxiliary resistance heat
requirements. Units are Btus per watt-hour. Typical values are 7.0 to 9.0 Btus per watt-
hour.

8. Integrated Part Load Value (IPLV -- of air conditioners)

IPLV is a measure of part-load efficiency for the cooling mode of certain types of
HVAQC, similar to SEER, which is defined and referenced in ARI and ASHRAE standards,
and in 10 CFR 400-499 air conditioning regulation documentation. Compliance with
minimum efficiency standards for these selected equipment types include compliance both
with the full-load requirements and the specified IPLV part-load minimum. For example,
in 10 CFR 435.108, minimum efficiency for the cooling mode of air cooled unitary air
conditioners and heat pump of > 65,000 and < 135,000 Btuw/hour capacity is stated as 8.9
EER and 8.3 IPLV.

9. Room Air Conditioner

A room air conditioner is a factory encased air conditioner designed as a unit for
mounting in a window or through a wall, or as a console. It is designed for delivery of
conditioned air to an enclosed space without ducts.

F-4



10. Seasonal Efficiency (Gas Heaters)

Seasonal efficiency (SE), of gas fan-type central furnaces, defined in California
appliancg efficiency regulations, by the equation below:

SE = [auxiliary gas consumption (Btu/yr) * AFUE + electrical energy consumption (kWh)] = 3412 Btu/kWh
[total auxiliary annual gas use Bwujyr + electricial energy use (kWh)] * 10236 Biu/kWh

11. Seasonal Energy Efficiency Ratio (SEER -- of air conditioners)

An efficiency measure for air conditioners which is similar to EER, but incorporates
performance tests under varying outdoor temperatures, humidity, and losses due to
cycling times. SEER (like EER) is the number of Btus of heat removed from the
conditioned space per watt-hour of electrical energy input. Typical values are 9.0 to 12.0
Btus per watt-hour.

D. WATER HEATING RELATED TERMS

1. Cut-In

The time or water temperature at which a water heater’s thermostat has acted to
increase the energy or fuel input to the heating elements, compressor, or burner, to
elevate the water temperature.

2. Cut-Out

The time or water temperature at which a water heater’s thermostat has acted to
decrease the energy input to the heating elements, compressor or burner to a minimum.

3. Energy Factor
Defined in 10 CFR 430; Subpart B, Appendix E. A laboratory measure of actual daily

cycle water heater efficiency, performed using six test draws of hot water totaling 64.3
gallons over a 24-hour period, raising the water 77°F (from 58° to 135°).

4. Recovery Efficiency

The ratio of energy delivered to the water to the energy content of the fuel consumed
by the water heater.

5. Standby

The time period during which water is not being withdrawn from the water heater.




6. Standby Loss

(For storage type water heaters only.) Standby Loss measures the losses from the
stored hot water to the immediate space surrounding the storage tank. It may be
expressed as a percent lost per hour, or, less commonly, in watts per hour per square foot
of storage tank surface area.

7. Thermal Efficiency (of gas water heaters)

The percentage of heat from the combustion of gas which is transferred to the water
as measured under regulated test conditions. For instance, the California standard for
large gas water heaters is a minimum 76 percent thermal efficiency.

E. TERMS RELATED TO BUILDING SHELL INTEGRITY AND INSULATION
1. R-Value

Also called "thermal resistance,” the R-value of a material (insulation or building
component) is a measure of the resistance of the material to heat flow through it, given a
temperature difference between two of the material’s surfaces. The higher the R-value of
insulation, for instance, the better it will reduce the flow of thermal energy. Most R-11
wall insulation will just fit into a frame wall with 2’ x 4’ studs, whereas, R-38 insulation,
being 10" to 18" thick depending on the material, could not be retrofitted to old frame
houses unless the walls were to be completely modified. R-value is the reciprocal of
thermal conductance, or 1/U. Units are (hour - sq. ft. - degree F) per Btu.

2. U-Value

Thermal Conductivity is a measure of the ability of a body to conduct heat, measuring
the time rate of heat flow through the body induced by a unit temperature difference
between the body’s surfaces. The reciprocal of R-value, or thermal resistance. Units are
Btu per (ft* - hour - degree F).
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APPENDIX G
LONG-TERM INDUSTRIAL ENERGY FORECASTING
MODEL DESCRIPTION

A. BACKGROUND

The Long-Term Industrial Energy Forecasting (LIEF) model described in this
appendix was used to forecast industrial sector DSM results for the California/District
region. The model was created by Marc Ross at the Physics Department of the University
of Michigan and was developed in collaboration with the Energy Analysis Program at the
Lawrence Berkeley Laboratory. The purpose of this appendix is to establish the content
and structural validity of the model, and to provide estimates for the model’s parameters.
The model is intended to provide decision makers with a relatively simple, yet credible
tool to forecast the impacts of policies which affect long-term energy demand in the
manufacturing sector. Particular strengths of this model are its relative simplicity which
facilitates both ease of use and understanding of results, and the inclusion of relevant
causal relationships which provide useful policy handles.

The modeling approach employed by LIEF is intermediate between top-down
econometric modeling and bottom-up technology models such as those developed for the
residential and commercial sectors of the District. It relies on the simple concept that
trends in aggregate energy demand are dependent upon the following factors: (1) trends
in total.production; (2) sectoral or structural shift, that is, changes in the mix of industrial
output from energy-intensive to energy non-intensive sectors; and (3) changes in real
energy intensity due to technical change and energy-price effects as measured by the
amount of energy used per unit of manufacturing output (kBtu per constant dollars of
output). The manufacturing sector is first disaggregated according to their historic output
growth rates, energy intensities, and recycling opportunities. Exogenous, macroeconomic
forecasts of individual subsector growth rates and energy prices can then be combined
with endogenous forecasts of real energy intensity trends to yield forecasts of overall
energy demand.

Proper description of production activities is a key to reasonable forecasting of
industrial energy use. Sectoral shifts and changes in real energy intensity can only be
properly characterized if careful attention is paid to sectoral disaggregation as well as to
- data series. It is often more important to the forecast than the description of efficiency
improvement. Disaggregation into 2-digit Standard Industrial Classifications (SICs) is
not satisfactory for long-term forecasting, or for energy-intensive industries or energy non-
intensive industries.



B. LIEF’'S "HYBRID" APPROACH

LIEF uses a hybrid approach to identifying conservation and technical (fundamental
process) change. The approach is basically a statistical one, but a priori engineering
judgment enters to identify parameters and to cast the energy conservation relationship
explicitly between energy and capital. For this reason, LIEF’s approach may be termed a
hybrid. Exogenous forecasts of individual subsector growth rates and energy prices are
combined with endogenous forecasts of real energy intensity trends to yield forecasts of
overall energy demand. For manufacturing subsector i, energy form j, and year t, energy
intensity is calculated as follows:

E.(¢f
EL() = o0
Q0
where:
Qi = a measure of the annual production in subsector i
E;(t) = the annual energy consumption of energy from j

For the historical estimation of parameters, Q,(t) is real gross output from the Bureau
of Labor Statistics, and E(t) is taken from the National Energy Accounts.

Figure G-1 shows the major data flows and highlights the key transformations
performed by LIEF. Figure G-2 shows the model’s dynamic structure, and Table G-1
shows the key model equations.

C. IMPORTANCE OF SECTOR DEFINITIONS

Declining output share of the basic materials industries has characterized product
mix in recent decades. These industries are primary metals; chemicals; petroleum
refining; stone, clay, and glass; and pulp and paper. The tonnage of basic materials
produced (and consumed) is growing more slowly than manufacturing as a whole. These
industries are roughly 10 times as energy intensive as the remainder of manufacturing.
Sectoral shift away from the basic-materials industries has been of comparable
importance to real efficiency improvements in explaining the historical decline in total
energy intensity.

There are several explanations for the declining role of basic materials:

* increased energy prices,

cyclical effects,

e international competition, and

reduced material intensity for more basic reasons.

The premise underlying the fourth explanation is that as the gross national product
(GNP) rises in advanced industrial economies, basic materials become relatively less
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Figure G-1

Industrial Energy Demand Forecasting Using LIEF

Macroeconomic
and Socioeconhomic
Developments

Materials -
Intensity .

International

Competition

Energy
Consumption

Cyclical Effects

I | B

Key:

— — — — Less important for long-term forecasting.

Included in LIEF.

Exogenous inputs to LIEF.
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Table G-1
LIEF 18-Sector Model for U.S. Industry

Low-Material-Intensive Manufacturing (Sectors 1 and 2)

*Sector 1: General mature manufacturing

*Sector 2: Fast-growing manufacturing

Energy-intensive Manufacturing Process Sectors (Sectors 3-12)

*Sector 3: Pulp and paper mills

Sector 4: Industrial inorganic chemicals

Sector 5: Industrial organic chemicals

*Sector 6: Petroleum refining

Sector 7: Glass and glass products
*Sector 8: Cement
*Sector 9: Stone and (;lay products
*Sector 10: - lron and steel

Sector 11: Primary aluminum

Sector 12: Nonferrous metals (excluding primary aluminum)

Nonmanufacturing Industries (Sectors 13-16)

*Sector 13: Agriculture and Water Pumping
*Sector 14: Mining (excluding-oil and gas)
*Sector 15: Oil and gas extraction

*Sector 16: Construction

‘Other Manufacturing Energy Use (Sectors 17 and 18)

Sector 17: Feedstocks

Sector 18: Uranium enrichment

NOTES: *Only these 11 sectors were used for the California/District model.
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Dynamic Structure of the LIEF Model

Period

Figure G-2

Sectoral production Q(t-
growth forecast ’ l Al

Ideal sectoral IEL (t-T)*
X . i
intensity forecasts

Actual sectoral ‘ N
intensity forecasts ——>  El{t-T)

(electricity and fuels)

Sectoral and aggregate
energy demands

(Simpilified)
= Period t
Q)
lEIij(t)*
Autonombus Pen
trend fraction®
I-Pen* L‘?
S S ENo >
v V‘L
E(®)
E(

NOTES: Ideal energy intensities depend on prices and the capital recovery factor (CRF). Actual energy intensities
are described by a partial adjustment process with the ideal intensity technologies penetrating at a
specified fraction, Pen(t), each period. Energy intensities are scaled by an autonomous time trend.
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important. This dematerialization is associated with the saturation of heavy products
(high weight-dollar value), innovative products characterized by low weight/dollar value,
competition among materials, and technological advances that reduce the use of material
in standard applications.

Long-term energy demand will be profoundly impacted by whichever theory
characterizes the future. If cyclical effects and international competition are dominant,
then the shift away from energy-intensive industries could be transitory. On the other
hand, if high-technology products with relatively low materials content continue to
dominate industrial growth, then energy demand in the long-term will be diminished.

The impact of sectoral shifts and changing process energy intensities can be
adequately characterized only if careful attention is paid to sectoral disaggregation. The
choice of disaggregation can be more important to a forecast than the description of
efficiency improvement. Ross and his colleagues have found that disaggregation into 2-
digit SICs is not satisfactory for long-term forecasting, or for energy-intensive industries
or energy non-intensive industries.

The problem is not that there are too few 2-digit sectors, but that they are poorly’
aggregated for energy analysis. Some energy-intensive 2-digit industries, especially
chemicals and allied products (SIC 28), contain a heterogeneous mix of highly energy-
intensive and energy non-intensive sectors with quite different growth rates. Also, some
energy non-intensive 2-digit sectors, such as non-electrical machinery (SIC 35), contain a
heterogeneous mix of very fast-growing sectors, along with slow-growing sectors of low,
but greater, energy intensity. According to some forecasts, electricity consumption in
light-industry sectors, such as SIC 35, could become huge. Therefore, for long-term
forecasts, it is as important to disaggregate the fast-growing sectors as it is the basic-
materials sectors.

The current version of LIEF organizes industry into 18 sectors, as shown in Table
G-1. These sectors include mature, as well as fast-growing low-intensity, manufacturing
process sectors, 10 energy-intensive manufacturing process sectors, 4 non-manufacturing
sectors, a feedstock sector, and a uranium enrichment sector.

D. REAL ENERGY INTENSITY FORECASTING APPROACH

The fuel intensities of various manufacturing processes fell an average of about 1.2
percent per year before the early 1970s, and fell even more quickly afterwards. Before the
1970s, electricity intensities increased by about 1.8 percent per year in most industries at
the 2-digit SIC level; after 1973, these intensities decreased. These trends can be
explained by two main developments:

» steady evolution of fundamental process efficiency, and
»  steps taken by manufacturing to reduce energy consumption in response to

the 1973 and 1979 energy price shocks (conservation and "housekeeping"
measures).



1. Fundamental Process Efficiency

Substantial evidence suggests that general progress in production technology tends to
reduce all factor inputs, including energy, although there is a tendency for new
applications of electricity. This "neutrality" of productivity improvement based on
fundamental process change has been discussed.

2. Conservation and Housekeeping Measures

Conservation refers here to investments for which a critical rationale is energy cost
reduction, Housekeeping measures are operational changes in response to energy prices.
Starting about 1973, industry made major additional efforts of both kinds.

Investment projects differ widely in the importance of energy prices in the entire
identification and decision making process leading to project implementation. As a
convenient approximation to this distribution of projects, we put each project into either
one of two categories: projects where energy price is a primary consideration and projects
where it is a minor consideration. Observation of actual project selection procedures and
their dependence on project size and project category (i.e., strategic, mandatory,
discretionary) suggests that this approximation may be satisfactory, although many of the
most desirable small projects have multiple benefits, including energy cost reduction.
Even with the latter type of project, in many cases the energy benefits are calculated,
while important co-benefits are hard to estimate credibly. The role played by these co-
benefits may be to raise the priority given to the project while not affecting the economic
analysis as such.

Electrification, primarily new applications of electricity, refers here to projects
motivated by process and product improvement rather than by energy costs. For example,
empirical evidence suggests that the price of electricity did not affect the adoption of
electric-arc furnaces. The conclusion appears to be even stronger for examples in less
energy-intensive sectors.

Unlike electrification, fuel substitution refers here to cases where energy prices are a
prime consideration in the choice between electricity and fuel. Examples of such cases
include motors versus fuel-driven prime movers and high-temperature electric versus fuel
furnaces, where the production process is essentially the same.

This analysis does not consider switching among fossil fuels. Such fuel switching is
not as important as one might think, since natural gas already dominates fossil fuel
consumption for heat and power in almost all manufacturing sectors. Petroleum products
are used in sectors where they are critical to the process, such as in feedstocks, at sites
unconnected to gas lines, and where they are by-products. Much coal use is process
related, as in iron and steel.

Energy intensity forecasting in LIEF rests on the hierarchy of industrial dec1s1on
making discussed above: .

e  the choice of fundamental production processes, which is autonomous in the
sense that it is not sensitive to energy prices; and




»  the choice of energy-related technologies, including some process changes,
which is sensitive to energy prices.

For long-term forecasts, it is assumed that operational decisions, as separate from process
choices, are not important.

LIEF characterizes energy-price-independent decisions on process technology as a
simple time trend in energy intensity (Table G-2). The autonomous trend parameters, By,
dictate the annual rates at which electricity and fossil fuel intensities change, and the
parameter BPR represents the time it takes for the trend to go to zero, of the order of 100
years.

For the choice of energy-related technology, the conservation supply curve (CSC) is
adopted as the basic analytical tool. Conservation supply curves can be derived from
engineering-economic descriptions of conservation opportunities. This engineering
perspective is shown in Figure G-3. The CSC specifies the energy conservation potential
as a function of marginal capital cost, analogous to an energy supply curve. The Y-axis is
the marginal capital cost of a project, as illustrated in Figure G-4. The X-axis is the
cumulative energy savings (over all projects), either as an absolute annual rate (e.g.,
kWh/yr) or as a percentage. Alternatively, analysts often convert the project’s capital
costs into a stream of annual payments divided by the annual energy savings, so that the .
Y-axis is in the same units as the energy price. The use of CSCs in a model introduces
variables besides price that provide useful policy analysis handles.

The derivation of the conservation supply curve from an economic perspective is
shown in Figure G-5. Part (a) of this figure shows total capital expenditures versus total
energy savings per year. Part (b), the CSC, depicts the marginal capital cost as a function
of energy savings per year. The CSC yields the capital expenditures required to save an
additional unit of energy, given an existing level of energy savings, E-E. The CSC rises
because conservation opportunities should be taken in order, with the least cost first, and
at high levels of existing energy savings it becomes more costly to save an additional unit
of energy.

While development of highly detailed CSCs is common practice for the residential and
commercial sectors, severe data problems face the construction of CSCs for industry. The
CSCs constructed by using the engineering, or bottom-up, approach are lists of identified
conservation projects, ordered in terms of increasing cost. Some energy forecasting
models with broad industrial coverage are essentially based on this approach. However,
the vast heterogeneity of the industrial sector, the often proprietary nature of industrial
process technology, frequent confidentiality problems with publicly acquired information,
and the lack of experience at high energy prices create severe data problems, particularly
for cost information. Consequently, adequate CSCs constructed from the bottom up are
often limited to a few specific processes or plants. Examples include a conservation plan
for a particular refinery and a study of an integrated steel mill.

The CSCs constructed by analogy extend the applicability of CSCs developed for
specific industries or plants to analogous facilities. In this way, broader sector coverage
can be obtained. In our opinion, this is a practical approach for constructing adequate
CSCs for the entire manufacturing sector.
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Table G-2
Overview of LIEF Model Equations

Total Industrial Electricity or Fuel Demand —

E( =Y EL( Q®

where:
i = manufacturing sector
j = energy type (only two types are incorporated in the present version: fossil fuel and
electricity) -
E® =  total demand for energy type j
El, () = energy intensity of sector i for energy type j
Q@ = production in sector i

Electricity and Fuel Intensities by Sector —

EI(® = (1 - Pen) EI(t-T) exp (-B/()T) + PenlEL (1)

where: :
Pen =  penetration rate for period T of cost-effective, energy-price-sensitive conservation
IEIl; = ideal energy intensity from conservation supply curve for sector i and energy type j
Byt) =  declining autonomous trend rate
T = length of one period for which forecasts are made

Smoothed Conservation Supply Curve or Ideal Energy Intensity —

EP(t)/CRF(t-T) |

IEL() = IEL(t) [ P ()ICRFG) exp (-}, BH D
where:
A, =  CSC price elasticity
CRF =  capital recovery factor
By(t) = autonomous trend
EP,(t) = expected price of energy type j relevant to conservation at time t
Pyt) = price of energy type j in base year t,
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Figure G-3
Conservation Supply Curve
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Note: Numbers on curve correspond to hypothetical project number.
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Figure G4
Example of Marginal Costs of Conservation Projects

Energy Savings Total Cost of
(kWh/yr) Percent Measure in $ (Assuming
Costs per Bulb ($) Reduction Replacement of 100 Bulbs)*
HIEFF 10 ' 45 1,000
VHIEFF 30 ) 69 3,000

NOTES:  *Considers two types of lighting: high-efficiency and very high-efficiency. Base energy use is 150 kWh/yr per
bulb.
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Capltal Required to Save An

Figure G-5
Conservation Supply Curve Economic Perspective
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(b) Conservation supply curve (slope of capital outlay curve above)
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LIEF characterizes the conservation opportunities through two parameters, A; and
Gap0,, which roughly correspond to the slope and intercept of the CSC, respectively.
Statistical analysis of historical data and engineering case studies are used to estimate
CSC parameters for each sector and fuel type without specifying the technologies. This
method is less detailed than the approaches just discussed. Detailed information is not as
relevant for long-term forecasting, however.

In LIEF, a firm finds a conservation project cost-effective if the annualized cost of the
measure is less than the energy cost avoided. The project’s capital costs are annualized
by using the firms implicit discount rates as expressed in the capital recovery factor
(CRF). A project’s attractiveness is then directly proportional to the energy price expected
and inversely proportional to the implicit CRF. Energy prices and the CRF determine the
"ideal energy intensity," that is, the energy intensity if all firms immediately adopted the
most cost-effective projects (while retaining their implicit CRF). Raising price
expectations or lowering implicit CRF's increases the ideal level of conservation (Figure
G-6). Figure G-6 shows that extent of conservation that is economic at a given price of
energy and at a CRF. The last unit of energy saved that is economic satisfies the
condition that the annualized cost of conserving the energy equals the price of purchasing
the energy. ‘

The penetration rate, pen(t), is a measure of the rate at which industry adopts
conservation projects. Firms do not immediately adopt all cost-effective projects for
several reasons, such as lack of capital, other business concerns (opportunity costs), or
scheduling of production. Also, firms may simply be unaware of conservation
opportunities, including new opportunities. An increase in penetration reflects a higher
priority given to energy conservation by industry and better dissemination of information.
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Figure G-6
Dependence of Conservation Supply Curve
on Capital Recovery Factor

CSC based on implicit CRF =0 .32 (d.r. = 30%)
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