BEFORE THE
FEDERAL ENERGY REGULATORY COMMISSION

APPLICATION FOR LICENSE FOR MAJOR PROJECT

SUSITNA HYDROELECTRIC PROJECT

VOLUME 4

DRAFT

APPENDIX B2
APPENDIX B3

NARZA=EBASCO

SUSITNA JOINT VENTURE

Ancnorace, Assks

Alaska Power Adthority



BEFORE THE
FEDERAL ENERGY REGULATORY COMMISSION

APPLICATION FOR LICENSE FOR MAJOR PROJECT

SUSITNA HYDROELECTRIC PROJECT
DRAFT LICENSE APPLICATION

VOLUME 4

EXHIBIT B

APPENDIX B2
RAILBELT ELECTRICITY DEMAND (RED) MODEL
TECHNICAL DOCUMENTATION REPORT
(1983 VERSION)

APPENDIX B3
RAILBELT ELECTRICITY DEMAND (RED) MODEL
CHANGES MADE JULY 1983 TO AUGUST 1985

ARLIS

Alaska Resources
Library & Information Services
Anchorage, Alaska

November 1985

TK
425
LS €
Fi
no. 3423




VOLUME COMPARISON




VOLUME NUMBER COMPARISON

LICENSE APPLICATION AMENDMENT VS. JULY 29, 1983 LICENSE APPLICATION

JULY 29, 1983

AMENDMENT APPLICATION

EXHIBIT CHAPTER DESCRIPTION VOLUME NO. VOLUME NO,
A Entire Project Description 1 1
B Entire Project Qperation and Resource 2 2 & 2A

Utiiization
App. Bl MAP Model Documentation Report 3 28
App. B2 RED Model Documentation Report 4 2C
App. B3 RED Model Update -
c Entire Proposed Construction 5 1
Schedule
D Entire Project Costs and Financing 5 1
App. DI Fuels Pricing 5 1
E 1 General Description of Locale 6 5A
2 Water Use and Quality 5A
Tables 7 S5A
Figures 5B
Figures 8 5B
3 "Fish, Wildlife and Botanical 6A
Resources (Sect. 1l and 2) 6B
Fish, Wildlife and Botanical 10 6A
Resources (Sect. 3) 6B
Fish, Wiidlife and Botanical 11 6A
Resources (Sect. &, 5, 6, & 7) 63
4 Historic & Archaeological Resources 12 7
5 Socioeconomic Impacts 12 7
6 Geological and Soil Resources 12 7
7 Recreational Resources 13 8
8 Aesthetic Resources 13 8
9 Land Use 13 8
10 Alternative Locations, Designs 14 9
and Energy Sources
11 Agency Consultation 14 104
10B
Entire Project Design Plates 15 3
F Entire Supporting Design Report 16 -
G Entire Project Limits and Land Ownership 17 4

Plates




SUMMARY TABLE OF CONTENTS




o

)

SUSITNA HYDROELECTRIC PROJECT
LICENSE APPLICATION

SUMMARY TABLE OF CONTENTS

EXHIBIT A
PROJECT DESCRIPTION

Title

1 - PROJECT STRUCTURES — WATANA STAGE I (**) , . . . . . .

1.1 - General Arrangement (**) ., . . . . . & ¢ ¢ o« o &
1.2 - Dam Embankment (¥%) . . & ¢ ¢ ¢ « & o s o o o &
1.3 = Diversion (%) . . . ¢ 4 o ¢ &+ o & o s o o « o«
1.4 - Emergency Release Facilities (**) ., . . . . . .
1.5 = Qutlet Facilities (#%) . . . ¢ v ¢« ¢ o« ¢ o« o o &
1.6 = Spillway (%) . & v 4 ¢ ¢ o ¢ ¢ o o o s o. o o
1,7 - This section deleted . . .+« & v ¢ ¢« ¢« ¢ o o o « &
1.8 - Power Intake (¥%) . . & ¢ ¢ v ¢ v o o o o o o &
1.9 - Power Tunnels and Penstocks (**) ., . ., . . . . .
1,10 = Powerhouse (*¥%) . . ¢ ¢ v ¢ & o o o« o o o s o »
1,11 = Tailrace (* %} . . & 4 v o & o o o o 5 o s o o
1,12 - Main Access Plan (%) . ., . v v ¢« ¢ o o« o o« o
1.13 - Site Facilities (F* ). v v v &« v o o o o s « o =
1.14 - Relict Channel (**%) ., ., ., . . . . ¢« ¢ ¢ 4 o &

2 - RESERVOIR DATA ~ WATANA STAGE I (**) . . . . ¢« « « « &

3 - TURBINES AND GENERATORS — WATANA STAGE I (¥*x) , ., . .

3.1 - Unit Capacity (¥%) . . ¢ & v o o ¢« o o o o o o &«
3.2 = Turbines (¥%%) ., ., . . & . v v 4 o o o « o o o
3.3 - Generators (¥%) ., . . + . 4 4 4 s e o s e e e e
3.4 - Governor System (0} & & 4 + ¢ o 4 o o & o o o

4 — APPURTENANT MECHANICAL AND ELECTRICAL EQUIPMENT -

WATAM s TAGE I ( ** ) L 2 - - L] L] E d * L] - * > - L ] - L ] - L]
4,1 - Miscellaneous Mechanical Equipment (**) ., . , .
4.2 - Accessory Electrical Equipment (**) ., . . . . .
4.3 - SFg Gas-Insulated 345 kV Substation (GIS) (#¥¥)
5 = TRANSMISSION FACILITIES FOR WATANA STAGE I (0) . . . .
5.1 - Transmission Requirements (o) . . . « . . . . .

5.2 - Description of Facilities (0) . « . ¢« & « & «
5.3 - Construction Staging (0) . ¢« ¢« v ¢« ¢« « v o v « &

851014 i

Page No.

A-1-2

A-1-2
A-1-4
A-1-6
A-1-9
A-1-10
A-1-13
A-1-15
A-1-15
A-1-18

- A-1-19

A-1-22
A-1-23
A-1-25
A-1-29

A-2-1
A-3-1
A-3-1
A-3-1
A-3-1
A-3-3
A-4-1
A-4-1
A-4-5
A-4-12
A-5-1
A-5-1

A-5-1
A-5-11



SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT A
PROJECT DESCRIPTION

Title

6 - PROJECT STRUCTURES - DEVIL CANYON STAGE II

‘= General Arrangement (¥**) ,
- Arch Dam (**)} , , . . . .
-~ Saddle Dam (**) . ., . . .
Diversion (*%) ., . . . . .
- Qutlet Facilities (¥%) . .
-~ Spillway (**) . . . . ..
~ Emergency Spillway . . . .
(This section deleted)
6.8 - Power Facilities (%) . . .
6.9 - Penstocks (%) , ., . . . .
6

OOV Oy OV O
‘e -

~N e Wk
[

6.11 - Tailrace Tunnel (*) . . .
6.12 - Access Plan (*%) ., . . .
6.13 - Site Facilities (*) . ., .

7 - DEVIL CANYON RESERVOIR STAGE II (*)

8 - TORBINES AND GENERATORS - DEVIL CANYON

9 - APPURTENANT EQUIPMENT - DEVIL CANYON

8.1 - Unit Capacity (%) . . . . . . .
8.2 - Turbines (¥¥%) ., ., . . .+ « « o« &
8.3 - Generators (0) v « ¢ « o o o o
8.4 - Governor System (0) . . . . . .

.10 - Powerhouse and Related Structures

STAGE

IT (o). .

9.1 - Miscellanecus Mechanical Equipment (o) . . . .
9.2 - Accessory Electrical Equipment (0) . . « « . .
9.3 ~ Switchyard Structures and Equipment (o). . . .

10 - TRANSMISSION LINES -~ DEVIL CANYON STAGE II (**) . .,

11 - PROJECT STRUCTURES -~ WATANA STAGE III (%%%) , . , ,

11.1 - General Arrangement (%¥%)
11.2 - Dam Embankment (¥*%) , ,
11.3 -~ Diversion (#*#x) , , ,

11.4 - Emergency Release Facilities (¥¥%)

851014 ii

Page No.

A-6-1

A-6-1
A-6-2
A-6-4
A-6-6
A-6-8
A-6~-10
A-6-12

A-6-12
A-6-13
A-6-14
A-6-17
A-6-17
A-6-18

A-7-1

A-10-1
A-11-1

A-11-1
A-11-3
A-11-5
A-11-6

e

)

=

PR

T



SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT A
PROJECT DESCRIPTION

Title
11,5 - Qutlet Facilities (*¥*%). . . . . . . . . .
11.6 — Spillway (*%%) ., . . . & ¢ ¢ ¢« « o o « o &
11.7 - POWEI' Intake (***) e s & & e o o e o & s @
11.8 - Power Tunnel and Penstocks (%*%*x) , , , . ,

I11.9 — Powerhouse (*%%) ., . . ¢ . ¢« ¢ ¢ o o o o« o
11,10 — Trailrace (*%%) ., . . ¢ & ¢ ¢ o o s & o &
11,11 - Access Plan (*%%) ., . . . . . ¢ &« o &« & «
11.12 - Site Facilities (%*%) . . ., . . . . « . .
11.13 - Reliect Chanmnel (***) . . . . . . . . . .

12 - RESERVOIR DATA - WATANA STAGE III (d¥%) , ., . . .
13 - TURBINES AND GENERATORS — WATANA STAGE III (%%%)
13.1 - Unit Capacity (¥*%%) . . . . . ¢ ¢ o & o &
13.2 - Turbines (***) . . - . . . . . 'y . . . .
13.3 = Generators (¥ %) | . & . 4t 4 e e o o o o

13.4 - Governor System (***) ., . . . . . . « . .

14 - APPURTENANT MECHANICAL AND ELECTRICAL EQUIPMENT -
- WATANA STAGE III (***) ) [ ] [ 2 - . [ ) [ ) [ 2 ® . ® [ ) [ )

14,1 - Miscellaneous Mechanical Equipment (*%%) ,
14.2 - Accessory Electrical Equipment (F¥%%) , , |

15 - TRANSMISSION FACILITIES — WATANA STAGE III (%)

15.1 Transmission Requirements (¥*¥%%) , ., ., . , .
15,2 Switching and Substations (**%) , ., . , . .

16 - LANDS OF THE UNITED STATES (**) s * € ®» = = ® &

17 - REFERENCES s e e ® o & s o o . o & .. ] . & o

851014 iii

Page No.

A-11-6
A-11-7
A-11-8
A-11-11
A-11-11
A-11-13
A-11-13
A-11-13
A-11-13

A-12-1
A-13-1
A-13-1
A-13-1
A-13-1
A-13-1
A-14-1

A-14-1
A-14-1

A-15-1

A-15-1
A-15-1

A-16-1

A-17-1



SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT B
PROJECT OPERATION AND RESOURCE UTILIZATION

Title Page No.

1 - DAMSITE SELECTION (***) e s @ @ 2 e ® & & e © © B ® e ® B—l'—l

1 -~ Previous Studies (***) , , . . . . .. . .. .. B=l-1
2 - Plan Formulation and Selection Methodology (*%¥), B=1-4
.3 - Damsite Selection (**%) ., ., , . , . . . . . ¢ . . B=1-5
4 - Formulation of Susitna Basin Development

Plans (%%%) |, . . . . . v v 4 o o s o o . . . B-1-12
1.5 -~ Evaluation of Basin Development Plans (***) . e e B~1-17

2 - ALTERNATIVE FACILITY DESIGN, PROCESSES AND
OPERATIONS(***)ooooooooooooceeooco B-—Z-l

2.1 - Susitna Hydroelectric Development (**%) , . , . . B
2.2 - Watana Project Formulationm (***), ., . . . . ... B
2,3 - Selection of Watana General Arrangement (*%*%) , . B~
2.4 - Devil Canyon Project Formulation (**%*), ., . . . . B
2.5 - Selection of Devil Canyon General

Arrangement (**%) . , . . . . . . .. + « » » .+ B
2.6 - Selection of Access Road Corridor (***) -
2.7 -~ Selection of Transmission Facilities (%*%%), , , ., B
2.8 - Selection of Project Operation (*¥*) ., . ., . . . B

3 ~ DESCRIPTION OF PROJECT OPERATION (¥¥%) , , . . . . . & B-3-1
- HydrOlOgy (***) . . " o *» o s ® @ » ® o 8 &+ & & ®© 3-3_1

3.1
3.2 - Reservoir Operation Modeling (***) . . . . . . . B-3-6
3.3 - Operational Flow Regime Selectiomn (**%) ., . . . . B-3-20

4 - POWER AND ENERGY PRODUCTION (***) e & e ® e & o 8 © w ® B-ll'—l

4,1 - Plant and System Operation Requirements (*¥¥) , , B-4-1
4.2 - Power and Energy Production (*%¥%) ., . . . . . . . B=4-10

5 = STATEMENT OF POWER NEEDS AND UTILIZATION (¥%*%) . . . . B-5-1

5.1 - Introduction (*¥%), ., . . . & & o ¢ ¢ ¢ o = s « o B-5-1
5.2 - Description of the Railbelt Electric Systems (*¥%%) B-5-1
5.3 - Forecasting Methodology (***) . . . . . . . . .. B=5-17
5.4 - Forecast of Electric Power Demand (***) , . . . . B-5-47

6 — FUTURE SUSITNA BASIN DEVELOPMENT (%*#%) . . . . . . .. B-6-1

7 - REFERENCES e e 2 & e e & & e & & ® 8 3 & 8 & 3 2 L s = 3-7"1

851014 iv



i,

SUMMARY TABLE OF CONTENTS (cont'd)
EXEIBIT B - APPENDIX Bl

MAN-IN-THE~-ARCTIC PROGRAM (MAP)
TECHNICAL DOCUMENTATION REPORT
STAGE MODEL (VERSION A85.1)
REGIONALIZATION MODEL (VERSION A84.CD)
SCENARIO GENERATOR

Title

Stage Model

1. Introduction o+ « o o o o o s o o o o o« o o o & s o
2. Economic Module Description . . « ¢ « o o o « o =
3. Fiscal Module DescriptiOn . o « o ¢ o s o o o o
4. Demographic Module Description « « + o+ o s o o o
5. 1Input Variables . . &+ ¢« ¢ ¢ o o ¢ o « s o o o o
6. Variable and Parameter Name Conventions ., . . . .
7. Parameter Values, Definitions and Sources . . . .
8. Model Validation and Properties . « « o« o o o « o
9. Input Data SOUTCES & « « o« o s o o s s o o o o o
10. Programs for Model Use . « . &« ¢« ¢ ¢ ¢ « « « o o &
11. Model Adjustments for Simulation . . . . . . « . .
12, Key to REgreSSIiONS « o« o « « « s s s o s o o s o »
13. Input Data Archives . ¢« . ¢« ¢ ¢« ¢ & & o o o o o &

Regionalization Model

1. Model Description .« o « o + ¢ o ¢ o o o « o o o
2, Flow DIagram . . o« o s « s s o o o o s s s s & o
3. Model INPULS ©¢ & & o o « o o ¢ o s s o o o o s o
4. Variable and Parameter Names . « « ¢ o o o o o o &
5. Parameter Values . . + ¢« o o o o o o o s o o« s o
6. Model Validation . « « « & ¢ o o o o o o o o o o &
7. Programs for Model . . & & & ¢ ¢ ¢ ¢ o o o o o o
8., Model Listing . « « o o« 4 o o ¢ o o o o o o o o &
9, Model Parameters . . : o o« « o ¢ 2 o o o o o o o &
10. Exogenous, Policy, and Startup Values . . . . . .

Scenario Generator

INtroduCtion « « « « o « o o &« s s o & o s 4 4 4 . 0 .
1., Organization of the Library Archives . . . . . . .
2. Using the Scenario Generator . « « « « o « &« o o
3. Creating, Manipulating, Examining, and

Printing Library Files . . . . « ¢ « ¢« o o ¢ « o &
4, Model QUEPUL . & & & & & ¢ o o s & o o s & o o & @

851014 v

Page No.

§
b b b b b b

e = B B AV, T ol PURN L I
L= | [

[ T =]

—

12-1

—
W
|
[

~!

31
38
39
57
61

—

14
22




SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT B - APPENDIX B2
RAILBELT ELECTRICITY DEMAND (RED) MODEL
TECHNICAL DOCUMENTATION REPORT (1983 VERSION)

Title

1 INTRODUCTION & ¢ o « « o s ¢ o 5 o o o o s » o s o o &
2 = OVERVIEW . ¢ o o« o ¢ s « o o 5 5 s o o o o o s s o « o
3 = UNCERTAINTY MODULE . ¢ = o © =« o o o o 5 o 5 o o o s »
4 - THE HOUSING MQDULE e = & s s e 5 o 5 o s 6 6 s 8 o s e
5 - THE RESIDENTIAL CONSUMPTION MODULE . + &« s « » o o « »
6 - THE BUSINESS CONSUMPTION MODULE . - o o + o o « ¢ & o
7 = PRICE ELASTICITY + « o« o o © s o o 5 o ¢ o « o o o o =

8 - THE PROGRAM-INDUCED CONSERVATION MODULE . . + + « « »

9 - THE MISCELLANEOUS MODULE e © ® ® © © © s & © 8 © ©°

10 - LAR.GE INDUS TRIAL DEMAND © & & 8 & ©® & & © 8 ® © & = ®
11 - THE PEAK DEMAND MODULE . . . + o « o s = s o o o &
12 - MODEL VALIDATION e ® 8 © ® & © © ® © 8 © B © © ® ® 0
13 - MI SCELLANEOUS TABLES e ® © © © & © & © & © © e © © @
851014 vi

Page No.

1.1

9.1

10.1

11.1

12.1

13.1

)

B



SUMMARY TABLE OF CONTENTS {(cont'd)

EXHIBIT B - APPENDIX B3
RAILBELT ELECTRICITY DEMAND (RED) MODEL
CHANGES MADE JULY 1983 TO AUGUST 1985

Title . Page No.

1 ~ INTRODUCTION . « & & « ¢ &+ o o o s« o« o o o « o o ¢« o » 1.1
2 - RED MODEL PRICE ADJUSTMENT REVISIONS . . . . o . o » . 2.1
3 - RESIDENTIAL CONSUMPTION MODULE . . . + « ¢ « ¢ + « » &« 3.1
4 - BUSINESS SECTOR « & « o + o o o ¢ ¢ s o s s o o o o o« 4.1
5 -PEAK DEMAND « ¢ & + ¢ o o ¢ o o o 5 s o s o o o o o & 5.1

& - EFFECT OF THE MODEL CHANGES ON THE FORECASTS . . . . . 6.1

851014 vii




SUMMARY TABLE OF CONTENTS (cont‘d)

EXHIBIT C
PROPOSED CONSTRUCTION SCHEDULE

Title

1 - WATANA STAGE I SCHEDULE (*%)

e el i e
o e ®

W oo LU PwWwN -
I

2 - DEVIL

NNRDNMNMNNDDMDMNN
L]
O~ WN -
!

3 - WATANA STAGE III SCHEDULE (#*%%)

N

LWLWLWWLLWLWW
.

@~ oUW N
|

4 - EXISTING TRANSMISSION SYSTEM (*¥*)

851014

Access (¥). . . . . . . .
Site Facilities (*%) ., ,
Diversion (**) . . . . .
Dam Embankment (¥%) . . .
Spillway and Intakes (*%)

Powerhouse and Other Underground Works (%)

Relict Channel {¥*%) , . .

Transmission Lines/Switchyards (*)

General (**) ., . . . . .

CANYON STAGE II SCHEDULE (%#%)

Access (¥%) . . + + o « &
Site Facilities (*¥%) . .,
Diversion (*) . . . . . .
Arch Dam (*%) . . . . . .
Spillway and Intake (*) ,

Powerhouse and Other Underground Works (o)
Transmission Lines/Switchyards (%)

General (*) . . « + « « &

Access (%%%) |, ., . ., . .
Site Facilities (&%%) ., ,
Dam Embankment (#*%%) , ,

Spillway and Intakes (¥¥¥)
Powerhouse and Other Underground Works (*%)

Relict Channel (%=*%) , .,

®

13

© e

L

® e

Transmission Lines/Switchyards (¥*#¥%*)

General (¥%%) . . ., . . .

viii

.

* -* - *

®

.

®

Page No.

c-1-1

0(‘)00?0000
hdh‘F‘hIT‘h‘h‘h-F‘
WLWwWLbLbhMMNNRN

c-2-1
C-2-1
c-2-1
c-2-1
Cc-2-1
c-2-2
Cc-2-2
C-2-2
C~2-2
c-3-1

!
NN PNODMNNF

0000?000
wwwwulowww

(]
]
=
|
[

Wj

o

R

izl



Ty

-

SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT D
PROJECT COSTS AND FINANCING

Title

1 - ESTIHATES OF COST (**) e ® ® o o ® o e & ® - & e & & o

Construction Costs (¥%) . . . . . & & ¢ 4+ 4 & & &
Mitigation Costs (*%) . . & v ¢ & 4 « o o o o o+
Engineering and Administratiom Costs (¥) . . . .
Operation, Maintenance and Replacement Costs (*¥)
Allowance for Funds Used During

Construction (AFDC) (**) . . . . « v ¢ 4, &+ & o &
Escalation (F%) . . . & v o o« ¢ ¢ o o o o « o o« »
Cash Flow and Manpower Loading Requirements (#*%).
Contingency (*) . . & v 4 o ¢« ¢ o o o o o & &
Previously Constructed Project Facilities (¥) . .

2 - EVALUATION OF ALTERNATIVE EXPANSION PLANS (¥*%) , , ., .,

[ACIE SIS SR R U S
L]

L]
W~y wmf WM+

2.9

General (¥ %%) ., , . . . 4 ¢ 4 o ¢ s s s o s o o s
Hydroelectric Alternatives (¥*%) , . ., . . . . .
Thermal Alternatives (¥%¥) ., ., . . . . . . . . .
Natural Gas-Fired Optiomns (¥*¥*%) , ., . . . . . . .
Coal-Fired Options (*%¥¥) , . . ¢ ¢ & 4 & o« o o
The Existing Railbelt Systems (#*¥¥) , . , . . . .
Generation Expansion Before 1996 (#%*) ., ., ., ., .
Formulation of Expansion Plans Beginning in

1996 (#%%) ., . & & 4 4 v e 4 s s e e e s s e
Selection of Expansion Plams (¥*%%) , . . ., . . .

2.10 - Economic Development (¥%*) . , . . . . . « . . .
2.11 -~ Sensitivity Analysis (%%%) , ., ., . . . . . . ..
2.12 = Conclusions (*%%) | ., . . . . ¢ 4 4 4 4 e o o .

3 —~ CONSEQUENCES OF LICENSE DENIAL (*%%) ., . . . . . . . «

3.1 - Statement and Evaluation of the

Consequences of License Denial (%) ., ., . . ., .

3.2 - Future Use of the Damsites if

the License is Denied (**%*) , ., . . . ¢ v o o + .

FINANCING (***) - o 5 o 3 3 © - o - - . 3 - 3 -

4,1 - General Approach and Procedures (¥%%) ., . ,
4.2 - Financing Plan (*%%) ., . . ., . . . . . . .
4.3 - Annual Costs (%) | ., . . . ., . . .+ + . .

851014 ix

Page No.

D-1-1

D-1-1
D-1-6
D-1-7
D-1-10

D-1-11
D-1-12
D-1-12
D-1-13
D-1-13

D-2-1

D-2-1

D-2-1

D-2-10
D-2-10
D-2-19
D-2-24
D-2-27

D-2-28
D-2-33
D-2-39
D-2-44
D-2-46

D-3-1




SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT D -
PROJECT COSTS AND FINANCING

ot

Title Page No.

4;4 - Market Value of POWEI' (***) ® & ® & e &8 0o & & @ = D"“P“'Ziw
405 - Rate Stabilization (***) s ® » o & 8 © ® s © © o D_4—4
4,6 ~ Sensitivity of Analyses (¥%%) , . . . ¢« « . . o« » D=4~4

S-REFERENCES(***)..-..o.o'o.--u-o..- D-S-’l

L)

foa

P

851014 x : o




SR

SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT D - APPENDIX Dl
FUELS PRICING

Title

1 - INTRODUCTION (***) . & & o &« © o B9 & & e & © © e &

Z—WORLDOILPRICE(***).Q.'.....‘.C.....

2.1 - The Sherman H. Clark Associates Forecast {(%%%)

2.2 -
2.3 -

The Composite 0il Price Forecast (**%) , ., , .
The Wharton Forecast (*%%) . ., . . . ., . . o «

J-NATURALGAS(***)Qno..oo-.o.o-o.o..

3.1
3-2 -
3-3 -

3-4 -

Cook Inlet Gas Prices (¥%*) ., . ., . . . . . . .
Regulatory Constraints on the Availability of
Natural Gas (*¥*) . . . . . . ¢« & o o & & . e
Physical Constraints on the Availability of
Cook Inlet Natural Gas Supply (¥**) , ., ., . . .
North Slope Natural Gas (**%) , , ., . . . . . .

Q—COAL(***)l...Q.....l'.....'...

1

3 -
.3 -
4

v
!

5.1 -
5.2 -

Resources and Reserves (*%%) ., . . . . . . . .
Demand and Supply (&**) ., . ., . . . . . . . . .
Present and Potential Alaska Coal Prices (#%¥%)
Alaska Coal Prices Summarized (**%) ., , . . . .

DI STILLATE OIL (***) e & o © e o « & & e & s ° o o o

Availability (*%*) | | . . . . ¢ ¢ ¢ v s o o &
Distillate Price (% &%) ., ., . . . . . .« « « « &

ED—REFERENCES.o.............-.....

851014

xi

Page No.

Dl-1-1
Dl-2-1
Dl-2-1
Dl1-2-2
D1-2~5
Dl1-3-1

Dl1-3-1




SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E — CHAPTER 1
GENERAL DESCRIPTION OF THE LOCALE

Title

1 - GENERAL DESCRIPTION (*) . . . . . .
1.1 - General Setting (¥*%) ., . .
1.2 - Susitna Basin (¥*) . . . . .

2 ~ BEFERENCES ¢ « ¢ s o « = ¢ o . s

3 ~GLOSSARY . ¢ ¢ ¢ « o ¢ o o o .«

851014 xii

R,

D




SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E - CHAPTER 2
WATER USE AND QUALITY

Title

1 - INTRDDUCTION (**) e o & o o e e @ 0‘ e ® & o s o o e o

2 - BASELINE DESCRIPTION (**) e o o 8 o e o o ® o o o e @

- Susitna River Morphology (*%*) . . . . . . « . .
- Susitna River Water Quantity (**) . . . . . . .
- Susitna River Water Quality (). . . . . . . .
- Baseline Ground Water Conditions (*¥%) . ., . . .
Existing Lakes, Reservoirs, and Streams
- Existing Instream Flow Uses (0) « « & ¢ « « « &
—Access Plan (%) . . . . 4 4 4 4 4 o o o o o
- Transmission Corridor (¥*¥)}. . . . + & « & & & &

NNMNBMMDNBDRN
a L]

L]
o~ PN
|

OPERATIONAL FLOW REGIME SELECTION (%%*) ., . . . . . .

3.1 - Project Reservoir Characteristics (*¥%)
3.2 - Reservoir Operation Modeling (&%%) , , . . . .
3.3 - Development of Alternative Envirommental

Flow Cases (¥*%%) ., . . . ¢ v ¢ v o o o o o & =
3.4 - Detailed Discussion of Flow Cases (¥¥%) , , . .
3.5 - Comparison of Alternative Flow Regimes (*¥¥), .
3.6 - Other Constraints on Project Operation (¥*¥%)
3.7 - Power and Energy Production (**%*) , , ., ., ., . .

PROJECT IMPACT ON WATER QUALITY AND QUANTITY (%*) , .,

4.1 - Watana Development (%) . . . ¢« &+ o & & o & « &
4.2 - Devil Canyon Development (*%) ., . . . . . . . .
4.3 - Watana Stage III Development (*¥%*), ., ., . . . .
4.4 - Access Plan (¥%) ., . . . .0 4 4 e o s o o o o

5 — AGENCY CONCERNS AND RECOMMENDATIONS (*%) , ., . . . .

6 — MITIGATION, ENHANCEMENT, AND PROTECTIVE MEASURES (¥**)
6.1 = Introduction (¥) . ¢ v ¢ &+ &+ ¢ & o« o &« o & o
6.2 - Mitigation - Watana Stage I - Construction (¥%)
6.3 - Mitigation - Watana Stage I - Impoundment (*%),
851014 xiii

E-2-4-7
E-2-4~110
E-2-4-160
E~2-4-211

E-2-5-1




SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E -~ CHAPTER 2
WATER USE AND QUALITY

Title

Watana Stage I Operation (**) . . . . . . . . .
Mitigation - Devil Canyon Stage II -
Construction (¥*) . . . . . « + + ¢ & & &
Mitigation - Devil Canyon Stage II -
Impoundment (**¥) . . . . . 4 4 o ¢ ¢ 5 @« & s o
Mitigation - Devil Canyon/Watana Operation (¥%¥)
Mitigation - Watana Stage III -
Construction (¥¥%) ., ., . . . . . &+ ¢ ¢ o «
Mitigation - Watana Stage III -
Impoundment/Construction (¥**) . ., . . . . . .

6.10 - Mitigation ~ Stage III Operation (¥*%) , ., , .
6.11 - Access Road and Transmission Lines (¥%*) _, , .,

7'REFERENCESeco.ceeeca-aocaoeoccc

8 - GLOS SARY ® ¢ & o © © & © © 5 © © e ¢ s & o ©c e o e o

851014

Xiv

Page No.

E~2-6-7

E-2-6-13

E-2-6-13
E-2-6-13

E-2-6-15
E-2-6-16
E-2-6-16
E-2-6-18
E-2-7-1

E-2-8-1

)

e

=




SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E - CHAPTER 3
FISH, WILDLIFE, AND BOTANICAL RESOURCES

Title

1 - INTRODUCTION -

1 - Baseline Descriptions (0) « « « & & o o o o o &
2 - Impact ASS ES sments (*) = & 8 s & 8 s s s s s o
3 - HitigatiO'n Plans (*) e s s e e s s s e . s @

1.
1.
1'

2 - FISH RESOURCES OF THE SUSITNA RIVER DRAINAGE (¥*) , .,

2.1 - Overview of the Resources (¥*) ., . . . . . . .
2.2 - Species Biology and Habitat Utilization

in the Susitna River Drainmage (¥*) . . . . . . .
2.3 - Anticipated Impacts To Aquatic Habitat (#%) , .
2.4 - Mitigation Issues and Mitigating Measures (*¥)
2.5 -~ Aquatic Studies Program (*) . . . . & ¢ « &« & &
2.6 - Monitoring Studies (*¥) ., . . . . v v v « & & &
2,7 - Cost of Mitigation (**%) , ., . . . . +« ¢« & & &
2.8 - Agency Consultation on Flsherles Mitigation

Measures (F%) . . & & & 4 & & o s o 2 o o o o

3"BOTANICALRESOURCES(**) .‘.’.’.......’Q

Introduction (¥) . . . & ¢ ¢ 4 ¢ 4 o ¢ o o &
Baseline Description (**) . . . . . . + . . . .
Impacts (¥*) . . o v ¢ v v o o e 4 0 o o o o s
Mitigation Plan (%) . . . . . ¢« v ¢ ¢« o o o

Wwww
L]

W
I

ZF-WILDLIFE ‘(**)oooococtocoocooooooo

Introduction (¥) . . ¢ v v ¢ v ¢ & o o o & o
Baseline Description (*¥%) . . . . . . « . « + &
Impacts (¥) & v 4 4 4 ¢ ¢ o v o o o o o o o o
Mitigation Plan (**) . . . . . v & &« & & & & &

L]
L
11

5 — AIR QUALITY/METEOROLOGY (¥*%*) . . . . o ¢ &« o o o o &

Introduction (¥%%) . . . . v &« v 4 4 o s o & »

5.1 -

5.2 - Existing Conditioms (**¥) ., ., . . . . . . . . .
5.3 - Expected Air Pollutant Emissions (*%*%)., ., . . .
5.4 - Predicted Air Quality Impacts (**%x) , ., , ., ., .

851014 XV

E-3-2-1
E-3-2-1

E-3-2-14

E-3-2-104
E-3-2-244
E-3-2-279
E-3-2-280
E-3-2-303

E-3-2-304
E-3-3-1

E-3-3-1
E-3-3-6
E-3-3-34
E-3-3-63

E-3-4-1

E-3-4-1
E-3-4-3
E-3-4-110
E-3-4-248



SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E - CHAPTER 3

FISH, WILDLIFE, AND BOTANICAL RESOURCES

Title

Page No.

5.5 - Regulatory Agency Consultatioms (¥**%) ., ., , . . . E-3-5-3

6 — REFERENCE . .
7 - GLOSSARY . .
APPENDICES

El.3

E2.3

E3.3

E4.3

ESI3

E6.3

E7.3

E8.3

E9.3

E10.3

El1.3

851014

¢ & 5 & o & e = ® e © © e 5 & ©o © © e 5 E"3"‘6"1

e o © s e & & & & &2 © 2 & T S 0o e @ © e E_3°7-1

FISH AND WILDLIFE MITIGATION POLICY

ENVIRONMENTAL GUIDELINES MEMORANDUM
(THIS APPENDIX HAS BEEN DELETED)

PLANT SPECIES IDENTIFIED IN SUMMERS OF 1980 AND 1981
IN THE UPPER AND MIDDLE SUSITNA RIVER BASIN, THE
DOWNSTREAM FLOODPLAIN, AND THE INTERTIE

PRELIMINARY LIST OF PLANT SPECIES IN THE INTERTIE
AREA (THIS SECTION HAS BEEN DELETED AND ITS
INFORMATION INCORPORATED INTO APPENDIX E3.3.)

STATUS, HABITAT USE AND RELATIVE ABUNDANCE OF BIRD
SPECIES IN THE MIDDLE SUSITNA BASIN

STATUS AND RELATIVE ABUNDANCE OF BIRD SPECIES
OBSERVED ON THE LOWER SUSITNA BASIN DURING GROUND
SURVEYS CONDUCTED JUNE 10 THE JUNE 20, 1982

SCIENTIFIC NAMES OF MAMMAL SPECIES FOUND IN THE
PROJECT AREA

METHODS USED TO DETERMINE MOOSE BROWSE UTILIZATION
AND CARRYING CAPACITY WITHIN THE MIDDLE SUSITNA BASIN

EXPLANATION AND JUSTIFICATION OF ARTIFICIAL NEST
MITIGATION (THIS SECTION HAS BEEN DELETED)

PERSONAL COMMUNICATIONS (THIS SECTION HAS BEEN
DELETED)

EXISTING AIR QUALITY AND METEOROLOGICAL CONDITIONS

xvi

]



SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E - CHAPTER 4
HISTORIC AND ARCHEOLOGICAL RESOURCES

Title

1“INTRODUCTIONANDSUMHARY (**). 5 e ©° & e e & . & o© o

1.1 - Program Objectives (**} . . . . . ¢ &+ & s o o &
1.2 - Program Specifics (**) ., . . . . . ¢ v o & &+ &

2 - BASELINE DESCRIPTIOR (**) e © & o © @ © e & ® B © = e

1 - The Study Area (¥*) ., . . ¢ 4+ ¢ ¢ s & ¢ o & & o
2 - Methods — Archeology and History (**) ., . ., . .
.3 - Methods - Geoarcheology (**) . . . . . . ¢ . .
4 - Known Archeological and Historic

Sites in the Project Area (*¥) ., . . . . . . .
2.5 - Geoarcheology (*%) & ¢ & & ¢ ¢ ¢ o ¢ o o o o

3 - EVALUATION OF AND IMPACT ON HISTORICAL
AND ARCHEOLOGICAL SITES (**) . . ¢ ¢ o ¢ o o o < o o

3.1 - Evaluation of Selected Sites Found:
Prehistory and History of the Middle
Susitna Region (**) . . . . . & v ¢ ¢« ¢ o o o &

3.2 - Impact on Historic and Archeological Sites (*%)

4 - MITIGATION OF IMPACT ON HISTORIC AND
ARCHEOLOGICAL SITES(**) e o & 8 o © © o & o ¢ o & e o

4.1 - Mitigation Policy and Approach (*¥) , ., . . . .
4,2 - Mitigation Plan (*%*) . . . . . . ¢ v v & o & &

5 -AGENCY CONSULTATION (**) e & & o & e # e & © ©v e © o
6 - REFERENCES L] * * L] * * * L] L] L] L ] o L] L ] L] * L] L] - L] L]

7 - GLOSSARY e & @& ©® © o e ¢ @ * ® o % o &+ © T & o & o .

851014 xvii

E-4=5-1
E-4-6-1

E-4-7-1




SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E — CHAPTER 5
SOCIOECONOMIC IMPACTS

Title

l - INTRODUCTION (**) * & e ® ® e © e ©o ® # o

2 — BASELINE DESCRIPTION (**) . . . . ¢ « ¢ » & «

2.1 -~ Identification of Socioeconomic

2.2 - Description of Employment, Population, Personal
Income and Other Trends in the Impact Areas (¥%)

3 - EVALUATION OF THE IMPACT OF THE PROJECT (*%)

3.1

3‘2

3.3

3.4

3.5

3.6

3!7

Impact Areas (*%) , , . . .

Impact of In-migration of People on Govermmental

Facilities and Services (¥*%)

On-site Worker Requirements and Payroll,

by Year and Month (%*¥*) ., . .

Residency and Movement of Project Construction

Personnel (%*) . . . . . . .

Adequacy of Available Housing in

Impact Areas (¥**x) , . ., . .

Displacement and Influences on Residences

Businesses (**) . ., . . . . .
Fiscal Impact Analysis:

and Revenues (*%) . . . . . .
Local and Regional Impacts on
Resource User Groups {*%) . .

4 - HITIGATIOR (**) » e e ® & 2 & e ® »

Lo S
.
W ks =

851014

Introduction (*¥) ., . . . .
Background and Approach (*%)
Attitudes Toward Changes . .
(This section deleted)

.

Evaluation of
Incremental Local Govermment Expenditures

.Mitigation Objectives and Measures (¥%¥)

xvili

°

© 3

. .

and

Page No.

E~-5-1-1

E-5-2-1

E-5-2-1
E~5-2-1

E-5~3-1

E-5-3-2

E-5-3-32
E-5-3-35
E-5-3-39

E-5-3-49

e




SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E - CHAPTER 5
SOCIOECONOMIC IMPACTS

Title

5 - MITIGATION MEASURES RECOMMENDED BY AGENCIES{(**) . . . .

5.1 - Alaska Department of Natural Resources (DNR) (*%)
5.2 - Alaska Department of Fish and Game (ADF&G) (*) .
5.3 - U.S. Fish and Wildlife Service (FWS) (*) . . . .
5.4 - Summary of Agencies' Suggestions for Further

Studies that Relate to Mitigation (%*}

. » ° ©

‘5 - REFERENCES ‘e ® ® .0 ® ® a2 & ® ® © ° o & =

851014 xix




SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E - CHAPTER 6
GEOLOGICAL AND SOIL RESOURCES

Title

1 - INTRODUCTION (**) e o & ®» ® ® 5 8 © © e € & e ©
2 - BASELINE DESCRIPTION (*) * ® © 8 e 3 e ® * ® ® e

Regional Geology (*) . & &« v ¢ o o o o o « &
Quarternary Geology (¥*) . ¢ ¢ ¢ ¢ ¢ o ¢ o« o &
Mineral Resources (0) « & v v o « o« & o o o«
Seismic Geology (*) . o v v v v o ¢ ¢ o« o o
Watana Damsite (%) . . . . 4 4 ¢ o ¢ 4 o &
Devil Canyon Damsite (0) . « ¢« & ¢« ¢ o o « &
Reservoir Geology (¥*) . « & o v ¢ « o o o & &

~Novw BN
!

3-I}QACTS(*)occooocnoncoou-o-too

3.1 - Reservoir-Induced Seismicity (RIS) (*) . . .
3.2 - Seepage (*) . . . « + ¢ « & t e s e e e e e
3.3 - Reservoir Slope Failures (**) s e e e e e e s
3.4 - Permafrost Thaw (¥) . . . . v o« & s o o« o « &
3.5 - Seismically-Induced Failure (*) . . . . . . .
3.6 - Reservoir Freeboard for Wind Waves (*¥%) , .,

3.7 - Development of Borrow Sites and Quarries (**)

4 - HITIGATION (**) e ° * & © o o & o & 5 *« e o o s o

- Impacts and Hazards (0) « « « &« « v o « » &« =
~ Reservoir-Induced Seismicity (0) . . « + . &
—Seepage (F). ., . . 4 4 4 e 4 b e s e 8 o b .
Reservoir Slope Failures (**) . . . . .. . . .
-~ Permafrost Thaw (**) . . . . . . . . . . . .
~ Seismically-Induced Failure (*)
- Geologic Hazards (¥) . . ¢ o « « o o o o o
- Borrow and Quarry Sites (*) . . « + « « « o &

PRSP
W~ W
1

S“REFERENCESoooo-ocococcooo-oo.o

6 - GLOS SARY e &6 ® e ¢ e & & & ° S o o & & ¢ ° s 2 o

851014 XX

Page No.

E-6-1-1
E-6-2-1

E-6-2-1
E-6-2-2
E-6-2-3
E-6-2-4
E-6-2-11
E-6-2-17
E-6-2-23

tn
|
()]
I
w
[
—

===
O\O\O\C'J\O\O\O\
wwwd:www
o—-r--o-dn-l—-J-\J-\o-

=
)
(o)}
|
=
|
[

E~6-4-1
E~6-4-1
E~6-4-2
E-6~4~2
E-6-4-3
E-6-4-3
E-6~4~4
E-6-4~4

E-6-5-1

E-6-6-1

[



P

" SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E - CHAPTER 7
RECREATIONAL RESOURCES

Title

1

SwM -

S e b

INTRODUCTIQN (**) e e e e @ ¢ e e e e © @+ @ ¢ o e

Purpose (*¥*) , . . . . « . . . e v e e s
Relationships to Other Reports (*) ¢ e w e
Study Approach and Methodology (¥¥)
Project Description (**) ., . . . . . . . .

2 - DESCRIPTION OF EXISTING AND FUTURE RECREATION
WITHOUT THE SUSITNA PROJECT (**) . . . ¢ &« « o« &

2.1 - Statewide and Regional Setting (*¥) , . . .
2.2 - Susitna River Basin (*¥) ., . . . . . . ..

3 - PROJECT IMPACTS ON EXISTING RECREATION (*%) , ., .

3.1 - Direct Impacts of Project Features (¥%) ., .
3.2 - Project Recreational Demand Assessment . .

(Moved to Appendix E4.7)

4 - FACTORS INFLUENCING THE RECREATION PLAN (**) , .,

Characteristics of the Project Design and

‘Operation (*%%) . . . . . . . ¢ 4 e e e o s

Characteristics of the Study Area (##%) , .,
Recreation Use Patterns and Demand (*%%) .
Agency, Landowner and Applicant Plans and

Policies (*%%¥) ., . . . . . ¢ v v v v o + &
Public Interest (¥*%*) _ ., . ., . . e s e e
Mitigation of Recreation Use Impacts (Fewex)

5 - RECREATION PL.AN (**) s & ® e e e e & o e ® e ¢ »

Recreation Plan Management Concept (*¥%%) .
Recreation Plan Guidelines (¥*%%) . . . . .
Recreational Opportunity Evaluation . . . .
(Moved to Appendix E3.7.3) -

The Recreationm Plam (**) , . . . . . . . .

6 - PLAN IHPLE)IENTATION (**) e e e e ® © o © & e o =

851014

xx1



SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E - CHAPTER 7
RECREATIONAL RESOURCES

Title Page No.
6'1 - PhaSing (**) s & & & 8 & » 4 s ®B s ®© 3 ® s » D W E"’?"G"l
6.2 - Detailed Recreation Design (***) . , . . . . . . E-7-6-1
6.3 - Operation and Maintenance (¥**) ., , ., . . . . . . E=~7-6-2
6-4 - Monitoring (**) s & =2 & & + © 8 € & & & 85 e 8 © ® E"7"6_3
7 = COSTS FOR CONSTRUCTION AND OPERATION OF THE PROPOSED

RECREATION FACILITIES (**) . . . ¢ ¢ ¢ ¢ o ¢ o o ¢ o « E=7=7-1

7.1 - Construction (¥*) . . . + 4 ¢ ¢« 4 o o s s o+ o & o« E=7=7-1
7.2 - Operations and Maintenance (**) , . . , . . . . . E-7-7-1
7.3 - Monitoring (¥**) . . . . . 4. 4+ ¢ ¢ s s s e s « ¢ E=T-7-2

8 - AGENCY COORDINATION (**) & @ o ©5 & 2 e b ®© e & ® e e © E"7‘8"1

9 -

10 - GLOSSARY e € © e e * e - o » © 6 ° @ & b * e O © © s ° E‘-7_10_l ’

8.1 - Agencies and Persons Consulted (**) , . . . . . . E=7=8-1
8.2 - Agency Comments (**%) ., ., . ¢« 4 ¢« o « « =« s« o o« o E=7-8-1
8.3 - Native Corporation Comments (¥*%*) ., ., , . . . . . E-7-8-1
8.4 - Consultation Meetings (¥**) . . , . . . . . . . . E-7-8-2

REFERENCES.c.....ele.n.e..‘.ﬂ..cE-7-9—1

APPENDICES

El.7 DATA ON REGIONAL RECREATION FACILITIES

E2.7 ATTRACTIVE FEATURES - INVENTORY DATA

E3.7 RECREATION SITE INVENTORY AND OPPORTUNITY EVALUATION

E4.7 PROJECT RECREATIONAL DEMAND ASSESSMENT

E5.7 EXAMPLES OF TYPICAL RECREATION FACILITY DESIGN
STANDARDS FOR THE SUSITNA PROJECT

E6.7 PHOTOGRAPHS OF SITES WITHIN THE PROJECT RECREATION
STUDY AREA

851014 xxii

T

B



SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E - CHAPTER 8
AESTHETIC RESOURCES

Title

l-INTRODUCTION(**)......--o-..-..-.-

1.1 - Purpose (*) - . . . . . . . . - . » . ® ° . . °
1.2 - Relationship to Other Amalyses (¥} . . . . . .
1.3 - Environmental Setting (#%) . . . . ¢« « « ¢ «

2 - PROCEDURE (*) e @€ e e ® e ° ° & e ° 8 © e &t e v w @
3 - STUDY OBJECTIVE S ( * ) e e °® @ & ¢ o ¢ o * e o e o * o
"’f - PROJECT FACI LITIE S ( * ) e © e ® o ® @ o ® ® ® e o o o

- Watana Project Area (¥*) . v v o o o o o ¢ o o »
- Devil Canyon Project Area (¥) . . ¢« ¢ o « « & &
- Watana Stage III Project Area (*%*) , ., , . . .
Denali Highway to Watana Dam Access Road (¥*) .
- Watana Dam to Devil Canyon Dam Access Road (%)

—~ Transmission Linmes (*) . . ¢« & v ¢ ¢ o & « «
—Intertie . v & & & 4 & e 4 & 4 e o s e e o o .

(This section deleted)
4.8 - Recreation Facilities and Features (¥) . . . .

PR
NN
|

5-EXISTINGLANDSCAPE(**) o»noooooooooocoo

5.1 - Landscape Character Types (¥} . . ¢« v v o « « &
5.2 - Notable Natural Features (*%) , . . . . . . . .

{S-VIEWS(**)'occoooccoooooooooocco

6-1 - Viewers (***) . . . . . . . . . . . ° . . . - .
6-2 - Visibility (***) . . . . e . . 3 '3 . . . . . .

7 = AESTHETIC EVALUATION RATINGS (*%) . o v v o « o « o «
7.1 - Aesthetic Value Rating (¥) . . ¢« v ¢ & o « &+ &

7.2 - Absorption Capability (*) . . ¢« ¢« ¢ ¢« v ¢ « o &
7.3 - Composite Ratings (¥*) . . . + v ¢ ¢ o« & & & &

851014 xxiii




SUMMARY TABLE OF CORTENTS (cont'd)

EXHIBIT E - CHAPTER 8
AESTHETIC RESOURCES

Title

S-AESTHETICI}IPACTS(**)coccooseacoeccoo

Mitigation Planning of Incompatible

Aesthetic Impacts (Now addressed in Section 9) .
Watana Stage I (¥**%) . . . & ¢ ¢ v o o s o o o o
Devil Canyon Stage II (¥%%) ., . . . . « o o« & ¢ &
Watana Stage III (¥%%) . . . . ¢ & ¢ o s o o o o
Access Routes (¥%¥) ., ., . . . 4 ¢« s & o s o o o &
Transmission Facilitiesg (*%*) ., . . . . . « ¢ o .

9 - mnGATION (**) e ® @ © © % & & & © 8 & ¢ 5 o e & & o© o

Mitigation Feasibility () . . . + &+ o« ¢ ¢ « « &
Mitigation Plan (%%} . . . . . ¢ 4 ¢ ¢ « o« o o
Mitigation Costs (*%) . . . & ¢ 4 o ¢ ¢ o o o o @
Mitigation Monitoring (¥%¥) . . . . ¢« + « ¢« « « &

10 - AESTHETIC IMPACT EVALUATION OF THE INTERTIE . « - ¢ &
{This Section Delected)

II“AGENCYCOORDINATION(**)Oc e o © © © ® ® ® o © o 5 e

11.1 - Agencies and Persons Consulted (¥*) . . . . . .
llnz - Agency Comments (**) e o s ° e e e © ® & e .

lz"’REFERENcES¢oaocoaaooooo-oceoosoo

l 3 - GLOSSARY - ® L] & L ] - L] L3 - 0' - L] ® * L4 L * L d - L L] L d *

APPENDICES

El.8

E2l8

E3.8

E4.8

851014

EXCEPTIONAL NATURAL FEATURES

E-8-11-1

E-8-11-1
E-8-11-1

E-8-12-~1

E-8-13-1

SITE PHOTOS WITH SIMULATIONS OF PROJECT FACILITIES

PHOTOS OF PROPOSED PROJECT FACILITIES SITES

EXAMPLES OF EXISTING AESTHETIC IMPACTS

xxX1iv

Ll



SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E - CBAPTER 8
AESTHETIC RESOURCES

Title Page No.

APPENDICES  (cont'd)

E5.8 EXAMPLES OF RESERVOIR EDGE CONDITIONS SIMILAR TO THOSE
ANTICIPATED AT WATANA AND DEVIL CANYON DAMS

E6.8 PROJECT FEATURES IMPACTS AND CHARTS

E7.8 GENERAL AESTHETIC MITIGATION MEASURES APPLICABLE TO THE
PROPOSED PROJECT

E8.8 LANDSCAPE CHARACTER TYPES OF THE PROJECT AREA

E9.8 AESTHETIC VALUE AND ABSORPTION CAPABILITY RATINGS

851014 XXV




SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E — CHAPTER 9

LAND USE

Title Page No.
l - INTRODUCTION (***) e 5 8 o ® 8 & o © ® o E-g-'l‘“l
2 - HISTORICAL AND PRESENT LAND USE (¥+%) E-9-2-1

2.1 - Historical Land Use (¥*%) ., ., , . E~9-2-1

2.2 - Present Land Use (¥%%) o s b oo s E-9-2-1
3 - LAND MANAGEMENT PLANNING IN THE PROJECT

AR.EA (***) e ®o & ® & e 8 o & o & o s & @ E-9_3"1
4 - IMPACTS ON LAND USE WITH AND WITHOUT THE

PROJECT (***) » ® & 8 ® 8 °© & 8 & * s @ E_9-4_l
5 - HITIGATION (***) @ & 5 © 8 © & o & & e % E-9'=5-1
6 - REFERENCES s 8 & & © & 88 8 ® 3t B 8 ®©® E_9_6_l

851014

xxvi

s



SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E ~ CHAPTER 10
ALTERNATIVE LOCATIONS, DESIGNS, AND ENERGY SOURCES

Title Page No.

1 — ALTERNATIVE HYDROELECTRIC SITES (*) ¢ ¢ ¢ ¢« ¢ « ¢« « ¢« o E-10-1-1

1.1 - Non-Susitna Hydroelectric Alternatives (¥*) ., . . E-10-1-~1
1.2 - Assessment of Selected Alternative

Hydroelectric Sites (*#**¥) ., . . . . . . « « « « « E-10-1-2
1.3 - Middle Susitna Basin Hydroelectric
o Alternatives (0) . & v ¢ & o o s o s o s o o » o E=-10-1-17
1.4 - Overall Comparison of Non-Susitna

Hydroelectric Alternatives to the

Proposed Susitna Project (¥**) , . , . ., . . . . E-10-1-32

Z - ALTERNATIVE FACILITY DESIGNS (*) ® & e e & e B e & e @ E-lo_z"l

2.1 - Watana Facility Design Alternatives (¥) . ., . . . E-10-2-1
2.2 -:Devil Canyon Facility Design Altermatives (o) . . E-10-2-3
2.3 - Access Alternatives (0) + + + « v « o ¢ + o« o« « « E-10-2-4
2.4 - Transmission Alternatives (o) e s e e s o & s s E=10-2-24
2.5 - Borrow Site Altermatives (*%¥) . . . . . . . . . . E-10-2-53

3 - OPERATIONAL FLOW REGIME SELECTION (%*%) , . ., . .. . . E-10-3-1

3.1 - Project Reservoir Characteristics (*¥**) ., . . . . E-10-3-1
3.2 - Reservoir Operation Modeling (**%*) ., , . ., . . . E-10-3-2
3.3 - Development of Alternative Environmental

Flow Cases (¥**¥) , . . ., . . ¢ 4 ¢« 4 « « « &« « . E-10-3-6
4 - Detailed Discussion of Flow Cases (***) , , , . . E-10-3-17
.5 - Comparison of Alternative Flow Regimes (*%*%) ., . E-10-3-38
6 - Other Constraints on Project Operatiom (%%%*) , ., E-10-3-43
7 - Power and Energy Production (*¥%*) , , , ., , ., . . E-10-3-53

4 -~ ALTERNATIVE ELECTRICAL ENERGY SOURCES (**%*) . . . . . . E-10-4-1

1 - Coal-Fired Generation Alternatives (¥#%) , , , , E=10-4-1
2 - Thermal Alternatives Other Than Coal (¥%**) , , . E-10-4-27
3 - Tidal Power Altermatives (*%*) ., , . . . . . . . E-10-4-39"
.4 — Nuclear Steam Electric Generation (**%) , , ., . . E=-10-4-41
5 - Biomass Power Alternatives (®%*%) , . ., ., . . . . E-10-4-42
6 - Geothermal Power Alternatives (%*%) ., ., ., . . . . E-=10-4-42

851014 : xxvii




ALTERNATIVE LOCATIONS, DESIGNS, AND ENERGY SOURCES

SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E ~ CHAPTER 10

Title

4,7 - Wind Conversion Altermatives (¥¥*%) . ,
4,8 - Solar Energy Alternatives (¥#**) , ., , . . .
4.9 - Conservation Alternatives (¥¥¥)

5 - ENVIRONMENTAL CONSEQUENCES OF LICENSE DENIAL (k)

6 — REFERENCES

7 — GLOSSARY

851014

e & © ® ® ¢ ® © * & & © ©B © T &

- L d L L . o

xxviii

o © o e

Page No.

E-10~4-43
E-10-4-44
E-10-4-44
E-10-5-1
E-10-6-1

E-10-7-1

o)

e

[

)



SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT E - CHAPTER 11l
AGENCY CONSULTATION

Title : Page No.

1 - ACTIVITIES PRIOR TO FILING THE INITIAL
APPLICATION (1980-February 1983) (¥**) , . . . . . « + o E=11-1-1

2 — ADDITIONAL FORMAL AGENCY AND PUBLIC
CONSUI‘TATION(***)..o....e.a..ooeu.oo E_ll-z_l

2.1 - Technical Workshops (*%*) ., . . . . . . . . s +» « E-11-2-1

2.2 - OngOing COﬂSultation (***) e o © & © ® © © & € & ® E-ll-z-l
2.3 - Further Comments and Consultation (***) , , , ., ., E=11-2-2

851014 XX1ix



SUMMARY TABLE OF CONTENTS (cont'd)

EXHIBIT F
SUPPORTING DESIGR REPORT (PRELIMINARY)

Title

l"PROJECTDATA(***).-----eo-ecoa-oo
2 - PROJECT DESIGN DATA (**) e e © ¢ e 5 2 ® & e e ©

2.1 - Topographical Data (0) . + v ¢ o « o o « &
2.2 - Hydrological Data (¥%) . . . ¢ ¢ ¢« & & o« &
2.3 - Meteorological Data (¥) . ¢ ¢ ¢« ¢« ¢ o « « &
2.4 - Reservoir Data (0) &+ ¢ ¢« & 4 o o o o o o
2.5 - Tailwater Elevations (0) . + ¢ ¢ & s ¢ o &
2.6 - Design Floods (¥%) . . . . v ¢ ¢ &+ o & o &

3—CIVILDESIGNDATA(*)¢o-o-.oooaooeo

1 - Governing Codes and Standards (o) e o o e
2 -Design Loads (¥%) . . . &+ ¢ & 4 o o o &« o »
o3 = Stability (*) . ¢« v & v o ¢« o 6 o o s 0 & o
4 — Material Properties (0) +« v v ¢ & o« o o o &

4 - GEOTECENICAIJ DESIGN DATA (**) e & & ® o ® o ® e ®©

4-1 - Watana (**) . s s ® e @ s s 8 & & s e 2 » »
4.2 = Devil Canyon (**) . . & & o & = o« &+ o o o »

S'HYDRAULICDESIGNDATA(**) ®¢ 6 ® © © e ® o © ®© @

5.1 = River Flows (**%) . . . . ¢ v ¢« o ¢ o « o =«
5.2 = Design Flows (*%) . . . . ¢ & ¢ o o o o =

5.3 - Reservoir Levels (**) . . . . . . o « « « &
5.4 — Reservoir Operating Rule (**) , . . . . . .
5.5 — Reservoir Data (**) . . . . ¢ ¢ o o & & &
5.6 = Wind Effect (¥%) . . . . ¢ v v o o« o o = »
5.7 = Criteria (¥*%) |, . . ¢ 4 & o o s o o s s s

6 ~ EQUIPMENT DESIGN CODES AND STANDARDS (**) . . . .

6.1 ~ Design Codes and Standards (*) . . . . . .
6.2 - General Criteria (¥) . . +v v ¢ o s o o

851014 XXX

=)



SUMMARY TABLE OF CONTENTS {cont'd)

EXHIBIT F
SUPPORTING DESIGN REPORT (PRELIMINARY)

Diversion Structures and Emergency Release

Facilities (*)} . . . .
Spillway (**) ., . . . .
Outlet Facilities (#*) .
Power Intake (*) . . .
Powerhouse (**) , , . .
Tailrace Tunnels (%*%)

TOREFERENCES ¢ o o ® ® o o a o

APPENDICES
Fl
F2

F3

851014

THIS APPENDIX DELETED

Page No.

F-6-4
F-6-6
F-6-6
F-6-8
F-6-9
F-6-12

F=-7-1

WATANA AND DEVIL CANYON EMBANKMENT STABILITY ANALYSES

SUMMARY AND PMF AND SPILLWAY DESIGN FLOOD ANALYSES

xxxi



APPENDIX B2




SUMMARY

This report describes the 1983 version of the Railbelt Electricity Demand
(RED) model, a partial end-use/econometric model for forecasting electricity
consumption in Alaska's Railbelt region through the year 2010. It contains
complete documentation of the modeling approach, structure of the equations,
and selection of parameter values. In addition, information is presented on
the data bases used, supporting research, model output, and the Battelle-
Northwest residential energy-use survey conducted in the Railbelt during March
and April, 1981. This survey was used to help calibrate the model.

RED has several unique capabilities: a Monte Carlo simulator for analysis
of uncertainty in key parameter values, a fuel price adjustment mechanism that
incorporates the impacts of fuel prices on demand, and the capability to
explicitly consider government subsidized investments in conservation
measures. The 1983 version contains the following features:

® an aggregate business electricity consumption forecasting
methodology that is based on the model's own forecast of commercial,
1ight industrial, and government building stock

o calibration of the Residential sector end uses, appliances
saturation, and fuel mode splits on actual data

® a variable price elasticity adjustment mechanism to faithfully
reflect consumer response to electricity, gas, and fuel oil prices
in both the Residential and Business Sectors

o a Housing Module that transforms a forecast of the total number of
regional households into forecasts of the occupied and unoccupied
housing stock by four types of housing units

# parameters updated to reflect 1980 Census information and
construction and energy market activity between 1980 and 1982, as
well as additional energy research performed in several other parts
of the country

o two load centers, Anchorage-Cook Inlet and Fairbanks-Tanana Valley




a report-writing module that reports price elasticities and price
effects on consumption (price-induced conservation and fuel switch-
ing), as well as households served, saturation of appliances, elec-
tricity consumption by sector, peak demand, and the sensitivity of
forecast results to variation of key model parameters.
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1.0 INTRODUCTION

This document describes the 1983 version of the Railbelt Electricity
Demand (RED) model, a computer model for forecasting electricity consumption in
Alaska's Railbelt region through the year 2010 {see Figure 1.1). The original
version of this model was developed by Battelle, Pacific Northwest Laboratories
(Battelle-Northwest) as part of the Alaska Railbelt Electric Power Alternatives
Study (Railbelt Study). The Railbelt Study was an electric power planning
study performed by Battelle-Northwest for the State of Alaska, O0ffice of the
Governor and the Governor's Policy Review Committee between October 1980 and
December 1982. |

. In March 1983, Battelle-Northwest was asked by the Harza-Ebasco Susitna
Joint Venture of Anchorage, Alaska to review the RED model structure, to make
appropriate changes, to document the changes, and to validate the model. Dur-
ing the update,Harza-Ebasco assisted and guided in the work performed. The 1983
version of the RED model is used as one of a series of linked models to produce
updated forecasts of electrical power needs in the Rajlbelt over the next
30 years. The other models used in the 1983 update foecasting'methodo1ogy are
the State of Alaska's PETREV petroleum revenue forecasting model, the
University of Alaska Institute of Social and Economic Research's MAP economic
and population forecasting model, and the Optimized Generation Planning (0GP)
model for planning the Railbelt electricity generation system and for estimat-
ing electricity costs. Separate documentation is available for those models.
The outcome of the RED update process is contained in this documentation
report., The report contains complete documentation on the model, information
on data bases used in model development, and a section on model validation.

The RED forecasting model documented in this report is a partial end-
use/econometric model. Initial estimates of total residential demand are
derived by forecasting the number of energy-using devices and aggregating their
potential electricity demand into preliminary end-use forecasts. The model
then modifies these preliminary forecasts, using econometric fuel price elas-
ticities, to develop final forecasts of total residential energy consumption.
The model thus uses both technical knowledge of end uses and econometrics to
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produce the residential forecast. The business sector (commercial, small
industrial, and government load) is treated similarly. However, because little
information is available on end uses in the business sectors in Alaska, pre-
liminary demand is estimated on an aggregated basis rather than by detailed end
use. Miscellaneous demand is based on the demand of the other three sectors,
while large industrial load and military load is forecasted exogenously by the

model user.

Other important features of the model are a mechanism for handling
uncertainty in some of the model parameters, a method for explicitly including
government programs designed to subsidize conservation and consumer-installed
dispersed energy options (i.e. microhydro and small wind energy systems), and
the ability to forecast peak electric demand by load center. The 1983 version
of thekmodel recognizes two load centers: Anchorage-Cook Inlet (including the
Matanuska-Susitna Borough and the Kenai Penninsula) and Fairbanks-Tanana
Valley. The model produces annual energy and peak demand forecasts for every
fifth year from 13980 to 2010, and then linearly interpolates to derive annual
energy and demand forecasts for years between the five-year forecasts.

fo produce a forecast, the model user must supply the model with region-
specific estimates of total employment and total households for each forecast
period, A few statewide variables are also required, such as forecasts of the
age/sex distribution of the state's population. All of these variables are
produced by the University of Alaska Institute of Social and Economic Research
MAP econometric model; however, they can be derived from other sources. The
user mist also supply price estimates for natural gas, oil, and electricity.
The estimates used in the 1983 update are consistent with input and output data
of the other models used in the forecasting methodology. Finally, the model
user may select either ranges or default values for the model's parameters and
may run the model in either a certainty-equivalent or uncertain {Monte Carlo)
mode. The model then produces the forecasts.

This report consists of 13 sections. In Section 2.0 an overview of the
RED model is presented. In Section 3.0 the Uncertainty Module, which provides
the model with Monte Carlo simulation capability, is described. Section 4.0
describes the Housing Module, which forecasts the stock of residential housing
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units by type. These forecasts are used in the electricity demand forecasts of
the Residential Consumption Module, discussed in Section 5.,0. Forecasts of
demand in the business sector are produced by the Business Consumption Module,
which is described in Section 6.0. The price adjustment mechanism is the
subject of Chapter 7.0. The effects of government market intervention to
develop conservation and dispersed generation options are covered by the
Program—Indﬁced Conservation Module, Section 8.0. Section 9.0 discusses mis-
cellaneous electricity demand (street lighting, second homes, etc,). Large
industrial demand is covered in Section 10.0. The Peak Demand Module, Section
11.0, concerns the relationship between annual electricity consumption and
annual peak demand. Section 12.0 covers model validation, and Section 13.0
provides miscellaneous statistics on Railbelt electrical demand. The report
also includes appendices on the Battelle-Northwest residential electric energy
survey used to calibrate RED, conservation research conducted by Battelle-
Northwest in support of the study, and model output for the 1983 update.

1.4
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2.0 QVERVIEW

The Railbelt Electricity Demand (RED) model is a simulation model designed
to forecast annual electricity consumption for the residential, commercial-
1ight industrial-government, heavy industrial, and miscellaneous end-use
sectors of Alaska's Railbelt region. The model also takes into account
goverrment intervention in the energy markets in Alaska and produces forecasts
of system annual peak demand. In the 1983 version of RED, forecasts of
consumption by sector and system peak demand are produced in five-year steps
for two Railbelt load centers:

@ Anchorage-Cook Inlet (including Anchorage, Matanuska-Susitna Borough
and Kenai Peninsula)

e Fairbanks-Tanana Valley (including the Fairbanks-North Star Borough
and Southeast Fairbanks Census Area).

Between these five-year steps, the model Tinearly interpolates to estimate
annual energy and peak demand. When run in Monte Carlo mode, the model
produces a sample probability distribution of forecasts of electricity
consumption by end-use sector and peak demand for each load center for each
forecast year: 1985, 1990, 1995, 2000, 2005, 2010. This distribution of
forecasts can be used for planning electric power generating capacity.

Figure 2.1 shows the basic relationship among the seven modules that
comprise the RED model. The model begins a simulation with the Uncertainty
Module, selecting a trial set of model parameters, which are sent to the other
modules. These parameters include parameters to compute price elasticities,
appliance saturation parameters, and regional load factors. Exogenous
forecasts of population, economic activity, and retail prices for fuel oil,
gas, and electricity are used with the trial parameters to produce forecasts of
electricity consumption in the Residential Consumption and Business Consumption
Modules. These forecasts, along with additional trial parameters, are used in
the Policy-Induced Conservation Module to model the effects on electricity
sales of subsidized conservation and dispersed generating options. The revised
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consumption forecasts of residential and business (commercial, small indus-
trial, and government) consumption are used to estimate future miscellaneous
consumption and total electricity sales. Finally, the unrevised and revised
consumption forecasts are used along with a user-supplied estimate of large
industrial load and trial system load factor forecast to estimate peak

demand. The model then returns to start the next Monte Carlo trial. When the
model is run in certainty-equivalent mode, a specific "default" set of
parameters is used, and only one trial is run.

The RED model produces an output file of trial values for electricity
consumption by sector and system peak demand by year and load center. This
information can be used by the Optimized Generation Planning (OGP) model or
other generation planning model to plan and dispatch electric generating
capacity for each Toad center and year.

The remainder of this section briefly describes each module. Detailed
documentation of each of the modules is contained in Sections 3.0 through 11.0
of this report.

UNCERTAINTY MODULE

The purpose of the Uncertainty Module is to randomly select values for
individual model parameters that are considered to be key factors underlying
forecast uncertainty. These parameters include the market saturations for
major appliances in the residential sector; the parameters used to compute
price elasticity and cross-price elasticities of demand for electricity in the
residential and business sector; the market penetration of program-induced
conservation and dispersed generating technologies; the intensity of
electricity use per square foot of floor space in the business sector; and the
electric system load factors for each load center.

These parameters are generated by a Monte Carlo routine, which uses
information on the distribution of each parameter (such as its expected value
and range) and the computer's random number generator to produce sets of
parameter values. Each set of generated parameters represents a "trial." By
running each successive trial set of generated parameters through the rest of
the modules, the model builds distributions of annual electricity consumption
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and peak demand. The end points of the distributions reflect the probable
range of annual electric consumption and peak demand, given the level of

uncertainty.

The Uncertainty Module need not be run every time RED is run. The
parameter file contains "default" values of the parameters that may be used to

conserve computation time.

HOUSING MODULE

The Housing Module calculates the number of households and the stock of
housing by dwelling type in each 1oad center of each forecast year in which the
model is run. Using regional forecasts of households and total population, the
housing stock module first derives a forecast of the number of households
served by electricity in each Toad center. Next, using exogenous statewide
forecasts of household headship rates and the age distribution of Alaska's
population, it estimates the distribution of households by age of head and size
of household for each load center. Finally, it forecasts the demand for four
types of housing stock: single family, mobile homes, duplexes, and multifamily
units.

The supply of housing is calculated in two steps. First, the supply of
each type of housing from the previous period is adjusted for demolition and
compared to the demand. If demand exceeds supply, construction of additional
housing begins immediately. If excess supply of a given type of housing
exists, the model examines the vacancy rate in all types of houses. Each type
is assumed to have a maximum vacancy rate. If this rate is exceeded, demand is
first reallocated from the closest substitute housing type, then from other
types. The end result is a forecast of occupied housing stock for each load
center for each housing type in each forecast year. This forecast is passed to
the Residential Consumption Module.

RESIDENTIAL CONSUMPTION MODULE

The Residential Consumption Module forecasts the annual consumption of
electricity in the residential sector for each load center in each forecast
year. It does not, in general, take into account explicit government
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intervention to promote residential electric energy conservation or self-
sufficiency. Such intervention is covered in the Program-Induced Conservation
Module. The Residential Consumption Module employs an end-use approach that
recognizes nine major end uses of electricity, extra hot water for two of these
appliances, and a "small appliances” category that encompasses a large group of
other end uses. For a given forecast of occupied housing, the Residential
Consumption Module first forecasts the residential appliance stock and the
pdrtion using electricity, stratified by the type of dwelling and vintage of
the appliance. Appliance efficiency standards and average electric consumption
rates are applied to that portion of the stock of each appliance using elec-
tricity. The stock of each electric appliance is then multiplied by its
corresponding consumption rate to derive a preliminary consumption forecast for
the residential sector. Finally, the Residential Consumption Module receives
exogenous forecasts of residential fuel oil, natural gas, and electricity
prices, along with "trial" values of parameters used to compute price elastic-
ities and cross-price elasticities of demand from the Uncertainty Module. It
adjusts the preliminary consumption forecast for both short- and long-run price
effects on appliance use and fuel switching. The adjusted forecast is passed
to the Program-Induced Conservation and Peak Demand Modules.

BUSINESS CONSUMPTION MODULE

The Business Consumption Module forecasts the consumption of electricity
by load center in commercial, small industrial, and government uses for each
forecast year (1980, 1985, 1990, 1995, 2000, 2005, 2010). Direct promotion of
conservation in this sector is covered in the Program~Induced Conservation
Module. Because the end uses of electricity in the commercial, small
industrial and government sectors are more diverse and less known than in the
residential sector, the Business Consumption Module forecasts electrical use on
an aggregate basis rather than by end use.

RED uses a proxy (the stock of commercial, small industrial floor, and
government space) for the stock of electricity-using capital equipment to
forecast the derived demand for electricity. Using an exogenous forecast of
regional employment, the module forecasts the regional stock of floor space.

2.5

=Y



)

e

Next, econometric equations are used to predict the intensity of electricity
use for a given level of floar space in the absence of any relative price
changes. Finally, a price adjustment similar to that in the Residential
Consumption Module is applied to derive a forecast of business electricity
consumption (excluding large industrial demand, which must be exogenously
determined). The Business Consumption Module forecasts are passed to the
Program-Induced Conservation and Peak Demand Modules.

PROGRAM-INDUCED CONSERVATION MODULE

Because of the potential importance of government intervention in the

marketplace to encourage conservation of energy and substitution of other forms

of energy for electricity, the RED model includes a module that permits
explicit treatment of user-installed conservation technologies and government
programs that are designed to reduce the demand for utility-generated electric-
ity. This module was designed for analyzing potential future conservation
programs for the State of Alaska and was not used in the 1983 updated
forecasts. The module structure is designed to incorporate assumptions on the
technical performance, costs, and market penetration of electricity-saving
innovations in each end use, load center, and forecast year. The module
forecasts the aggregate electricity savings by end use, the costs associated
with these savings, and adjusted consumption in the residential and business
sectors.

The Program-Induced Conservation Module performs estimates of payback
period and penetration rate of commercial sector and residential sector
conservation options. In the residential sector, the model user supplies
information to the module on the technical efficiency (electricity savings),
electricity price, and costs of installation. The module then calculates the
internal rate of return on the option to the consumer, as well as the option's
payback period for technologies considered "acceptable" by the user. The
module's payback decision rule Tinks the payback period to a range of market
saturations for the technologies. The savings per installation and market
saturation of each option are used to calculate residential sector electricity
savings and costs. In the business sector, the model user must specify the
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technical potential for new and retrofit energy-saving technologies. The user
must also specify the range of conservation saturation as a percent of total
potential conservation. The Program-Induced Conservation Module then calcu-
lates total electricity savings due to market intervention in new and retrofit
applications and adjusts residential and business consumption for each load
center and forecast year.

MISCELLANEQUS CONSUMPTION MODULE

The Miscellaneous Consumption Module forecasts total miscellaneous
consumption for second {recreation) homes, vacant houses, and street
1ighting., The module uses the forecast of residential consumption (adjusted
for conservation impacts) to predict electricity demand in second homes and
vacant housing units. The sum of residential and business consumption is used
to forecast street lighting requirements. Finally, all three are summed
together to estimate miscellaneous demand.

PEAK DEMAND MODULE

The Peak Demand Module forecasts the annual peak 1oad demand for
electricity. A two-stage approach using load factors is used. The unadjusted
residential and business consumption, miscellaneous consumption, industrial
demand and load center load factors generated by the Uncertainty Module are
first used to forecast preliminary peak demand, Next, displaced consumption
(electricity savings) calculated by the Program-Induced Conservation Module is
multiplied by a peak correction factor supplied by the Uncertainty Module to
allocate a portion of electricity savings from conservation to peak demand
periods. The allocated consumption savings are then multiplied by the load
factor to forecast peak demand savings, and the savings are subtracted from
peak demand to forecast revised peak demand.

The following sections describe each module of the modei in greater
detaiil.
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3.0 THE UNCERTAINTY MODULE

RED's Uncertainty Module allows the forecaster to incorporate uncertainty
in key parameters of the RED Model forecast. In other words, the impact of
uncertain parameter values can be reflected in the forecast values.

RED allows generation of key subsets of the full set of parameters. It is
not practical to allow all parameters to vary on all runs of the model, because
the total number of such parameter values required for a single pass through
the model is greater than 1000. For example, if the user wanted to generate 50
values for every uncertain parameter, over 50,000 values would have to be
produced. While this exercise is within RED's capabilities, the cost is very
high.

MECHANISM

A Monte Carlo routine uses the host computer's pseudo random number
generator to transliate user-supplied information on a parameter, such as its
expected value, its range, and its subjective probability distribution, into
random trial parameter values. By producing simulations using several such
randomly generated values of the parameter, the model will yield electricity
consumption forecasts that incorporate each parameter's uncertainty.

INPUTS AND OUTPUTS

The Uncertainty Module requires three basic inputs:
e the number of values to be generated
® 3 selection of parameters to vary
® the parameter file.
The parameter file contains the default values, ranges, and {if required) the
expected value and variance of each parameter. Table 3.1 provides a summary of
the inputs and outputs of the module.
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TABLE 3.1. Inputs and Qutputs of the RED Uncertainty Module

(a) Inputs
Symbol Variable Input From
N Number of Values User Interface
to be Generated
(see Table 3.2) Parameter's Range, Parameter File

Variance, and
Expected Values

(b) Outputs

Symbo! Variable Qutput To
(See Table 3.2) Random Parameter Other Modules
Values
N Number of Times Model Control Program

Model is to be Run

MODULE STRUCTURE

An overview of information flows within the Uncertainty Module is given in
Figure 3.1. First, the program asks whether the user would 1ike to generate a
parameter. If the answer is no, then the default value {from the parameter
file) for each parameter is assigned. If a random parameter value is to be
generated, then the user is queried as to which parameters will be allowed to
vary.

The next step is to choose the number of values to be generated for each
parameter. This is the number of times the remainder of the model will be run,
each'time with a different generated value for each parameter. Next, an
arbitrary seed for the random number generator is entered.

Next, the computer generates a random number for each value to be pro-
duced. This is accomplished by calling the computer's "pseudo" random number
generator, which generates a random number between G and 1. From the parameter

file, the information on the range of the parameter, or (for parameters with a
normal distribution) the range, expected value, and variance is used to
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values for each parameter are then generated by applying the random numbers to

Table 3.2 provides a list of the parameters that can be generated by the
Where information exists on parameter distributions from
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TABLE 3.2. Parameters Generated by the Uncertainty Modulel?)

Statistical
Symbol Name Distribution

bas; Cass dag Housing Demand Coefficients Normal

SAT Saturation of Residential Appliances Uniform

A; B; A; OSRQ; Residential, Business Parameters for Normal
GSRy Own-, 0il-Cross and Gas-Cross Price

adjustment

BBETA "Floor Space Consumptién Parameter NormaT
CONSAT Saturation of Conservation Technologies Uniform

LF Load Factor Uniform

(a) Values of these parameters (except CONSAT, which varies by case) are found

in Tables 4.9, 5.4 through 5.11, 6.8, 7.5, and 11.2.

econometric results, the distribution of values is assumed to be normally

distributed.

distribution, all values within the range are considered equally likely and the

distribution is assumed uniform.

3.4
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4.0 THE HOUSING MODULE

The consuming unit in the residential sector is the household, each of
which is assumed to occupy one housing unit. The Housing Module provides a
forecast of civilian households and the stock of housing by dwelling type in
each of the Rajlbelt's load centers. The type of dwelling is a major deter-
minant of energy use in residential space heating. Furthermore, the type of
dwelling is correlated with the stock of residential appliances. This module,
therefore, provides essential inputs for the Residential Consumption Module.

MECHANISM

The Housing Module accepts as input an exogenous forecast of the regional
popu1ation and number of households to forecast household size. The total
households forecast is adjusted for military households and is then stratified
by the age of the head of household and the number of household members. The
housing demand equations then use this distribution of households by size and
age of head to predict the initial demand for housing by type of dwelling. The
initial demand for each housing type is compared with the remaining stock, and
adjustments in housing demand and construction occur until housing market
clearance is achieved.

INPUTS AND OQUTPUTS

Table 4.1 presents the data used and generated within this module.
Exogenous forecasts of regional households, population, and the state-wide
distribution of households by age of head are needed as input, while the module
passes information on the occupied and vacant housing stock to the femainder of
RED.

MODULE STRUCTURE

The Housing Module's structure is shown in Figure 4.1. The module begins
each simulation with a user-supplied forecast of households and population for
the 1oad center. The assumed number of households for each load center is
first adjusted for military housing demand and multiplied by a decimal fraction
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TABLE 4.1. Inputs and Qutputs of the RED Housing Module

(a) Inputs
Symbol Variable VYariable Input From
THH Regional Household Forecast Forecast File
HHpt 5 State Households by Age Group Forecast File
b, ¢, d Housing Demand Coefficients Uncertainty Module
(b) OQutputs
Symbaol Variable Variable Output From
HD1y Occupied Housing Stock by Type  Residential Module

to obtain a forecast of households served by utilities. Total househoids are
then stratified by age and sizekof household, and then used to generate an
estimate of demand for each type of housing (TY). Demand is compared to the
initial stock, resulting in new cdnstruction or reallocation of demand as
appropriate. The end result is a set of estimates of occupied and unoccupied
housing units by type. Finally, the housing stock is reinitialized for the
next forecast perijod.

The first step in the Housing Module is to find the number of civilian
households in a given Railbelt Toad center.

where
CHH = total number of civilian households
BHH = military households residing on base (exogenous)
THH = total households {exogenous)

il

i
t

region subscript

forecast period subscript.

On-base military households are subtracted out because they do not signifi-
cantly affect off-base housing. In addition, since the military supplies

4.2

i



=

DEMAND
PARAMETERS
{UNCERTAINTY

MODULE)

INITIAL HOUSING

STOCK TY

A
]

REINITIALIZE
HOUSING
STOCKS

r==-p

= e o= em e =w == = UNOCCUPIED HOUSING |«

REGIONAL
FORECAST

e POPULATION
® HOUSEHOLDS

!

STRATIFY
HOUSEHOLDS BY
AGE OF HEAD
SIZE OF HOUSEHOLD

v

CALCULATE
DEMAND FOR
HOUSING UNITS
BY TYPE TY

IS
DEMAND TY

> STOCK TY
?

e AGE DISTRIBUTION
OF HOUSEHOLD

HEADS

e SIZE DISTRIBUTION
OF HOUSEHOLDS

NEW
CONSTRUCTION
OF TYPETY

IS
VACANCY
RATE > ASSUMED
MAXIMUM

YES

FILL VACANCIES
TY WITH

COMPLEMENTARY |

DEMAND

FORECASTS OF OCCUPIED,

BY TYPE

FIGURE 4.1, RED Housing Module

4.3



electricity to them, on-base households have no impact on the residential

demand for utility-supplied electricity.(?)

Once the total number of civilian households in the l1oad center has been
obtained, they are stratified by the size of the household and the age of the
household head. To obtain the distribution of households by size of household,
the total number of households is muitiplied by the probabilities of four size
categories derived from information provided in the 1980 Census of Popula-
tion. To estimate the distribution of households by the age of head, the 1980
Census ratio between the regijonal and state relative frequencies of age of head
is assumed to remain constant. The user supplies forecasts of the statewide
age distribution of heads of households from a forecasting model or by some
other method. Using the state relative frequency distribution, therefore, and
applying the constant ratios of regional to statewide frequencies, the model
obtains forecasts of the regional distribution of households by age of head.

The joint distribution by size of household and age of head is obtained by
multiplying the two distributions:

X P.._ xR, . (4.2)

where
HH = number of households in an age/size class
THH = total number of households
CHH = total civilian households
A = subscript denoting aggregate state variable
P = regional household size probability (parameter)
R = ratio of the regional to state relative frequency of age of
household head (parameter)
a = age of head subscript
s = household size subscript.

(a) Military purchases of electricity from the utility system are handled as
industrial Toads.
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A,

The demand for a particular type of housing - single family, multifamily,

mobile home, or duplex - is hypothesized to be a function of the size of the

household and the age of the head (which serves as a proxy for household

wealth). Equations projecting demand for three of the types of housing (single

family, multifamily, mobile homes) were estimated by the Institute of Social

and Economic Research (ISER) from Anchorage data collected by the University of

Alaska's Urban Observatory (Goldsmith and Huskey 1980b).
category (duplex) is filled with the remaining households.

~ The demand for a particular type of housing is given by the following

equations:

HOsFit

HDwFi ¢

HDm1 ¢

HOppit

where

HD
SF

Ss1’t

ait
MF =
MH =
pP =

.

CHH;

bas X Pait * bas X Agig * Pag X Agiy

CHH; 4

>

Cos X Pait * C3s X Agit * Cus X Mgit

CHHjp X do * dap X Spqp * dap X Spyp * dag X Sqi¢ *

dos X Agjg + d3g X Agjp + dgg X Mgy

CHH; ¢

housing demand
index for single family

B g s = 1,2,

) Wil 2= 2,30
index for multifamily
index for mobile home

index for duplex

4.5

The remaining

bo * Pa1 X Syit * baz X Szit * Pag X g4t *

Co ¥ Cal X Spjt * Ca2 X Syt * Cag X Sg4qt *

HDsrit - HOMpit - MDmnit

(4.3)

(4.4)

(4.5)
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a-= index denoting the age of houehold head

a=1 <25

a =2 25-29

a=3 30-54

a=4 55+

s = index denoting the size of household

s =1 <2

s =2 3

s =3 4-5

s =4 6+

b, ¢, and d are parameters from the Uncertainty Module. Expected values
and ranges of these parameters are presented in Table 4.9. '

The model then adjusts the housing stock and housing demand so that the
housing market is cleared. Initially, the housing stock is calculated as the
previous period's stock net of demolition:

HSTYit = HStyi(e-1) % (1 = ry) - &)

where
HS
TY
r

housing stock
index denoting the type of housing {SF, MF, MH, and DP)
period-specific removal rate (parameter).

1}

Net demand for each type of dwelling is defined as the demand minus the housing
stock:

NDryit = HDryig = HStyit (4.8)
where
ND = net demand.

If net demand for all types of housing is positive, then enough new construc-
tion immediately occurs to meet the net demand plus an equilibrium amount of
vacancies required to ensure normal functioning of the housing market:
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NCryit = NDpyqg + Vyy X (HSpyj¢ + NDyyj¢) (4.9)

where
NC
Y

new construction
normal vacancy rate (parameter).

The equilibrium vacant housing stock is the "normal” vacancy rate times the
stock of housing.

If the net demand for a particular type of housing is negative, however,
then the vacancy rate for that type of housing has to be calculated:
HD

TYit
MWpysy = 1 - (4.10)
Tt HSryit

where
AV = actual vacancy rate.

If the actual vacancy rate is greater than its assumed maximum, then the excess
supply of that particular type of housing is assumed to drive down the price of
that type of dwelling. Individuals residing in other dwellings could be
induced to move to reduce mortgage or rent payments. An adjustment to the
distribution of housing demands, therefore, is appropriate.

Substitution first occurs, if possible, within groups of housing that are
close substitutes (single-family and mobile homes; duplexes and multifamily).
If not enough excess demand exists from the close substitutes to fill the
depressed market, then substitution occurs from all types. The procedure is as
follows:

i. The number of excess vacancies within a type is calculated by subtracting
the housing demand from one minus the maximum vacancy rate, times the
stock.

2. The number of substitute units available to fill the excess supply is
given by subtracting one minus the normal vacancy rate, times the close
substitute stock from the close substitute demand.
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3. The minimum of 1 or 2 is subtracted from the complementary housing demand

and added to the depressed demand.

4, If excess supply persists (the actual vacancy rate is above its assumed
maximum) , then the above procedure is repeated; only the number of housing
units available is now calculated using maximum vacancy rates and all
types of housing where the actual vacancy rate is less than their assumed
maximum, The available units are then allocated based on normalization
weights of the number available by type.

The final outputs of this module are occupied housing by type (HDTYit) and

unoccupied housing:

VH., = I HS

HD
L

(4.11)

Tyit ~ "UTYit

where
VH = total vacant dwelling units.

PARAMETERS

Military Households

The number of on-base military households, presented in Table 4.2, is
assumed to remain constant over the forecast periods. The level of military
activity in Alaska has stabilized, and 1ittle indicates that a major shift will

occur in the future,

TABLE 4.2. MNumber of Military Households Assumed to Reside
on Base in Railbelt Load Centers

Anchorage Fairbanks
3,212 3,062

Source: Supplied by ISER.
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Household Size and Demographic Trends

A key factor in the residential demand for electricity is the number and
type of residential customers. The number of customers approximately equals
the number of households served by electricity, with the difference being
caused by such factors as vacant housing with electrical service. Thus, it is
important in forecasting the demand for electricity to forecast the number of
households. The number of households in a load center is, in turn, a function
of the size of the population and the rate of household formation. Household
formation depends on the number of persons of househo]d formation age; certain
economic factors that may influence household formation, such as potential
household income, price of housing, interest rates; changing tastes for mar-
riage and housing; and government housing programs.

Table 4.3 shows how the size of households has changed in the United
States and in the Railbelt since 1950. The table indicates that the average
nunber of persons per housing unit has declined dramatically in both the U.S.
and the Railbelt during the period. Since 1970, the size decline has been more

TABLE 4.3. Household Size Western U.S. and Railbelt 1950-1980
(Persons per Occupied Unit) :

United Anchorage- Fairbanks-
States Cook Inlet Tanana Valley
1950 ~3,5(2) 3.4(3) 3.3(a)
1960 3.3 3.4 3.6
1970 3.1 3.4 3.4
1980 2.7 2.9 2.9

(a) Obtained by dividing total resident population by
total households. Includes only urban places of
10,000 persons for Alaska locations.

Sources: U.S. Department of Commerce 1982; Goldsmith and

Huskey 1980b; Harrison 1979; and U.S. Bureau of
the Census 1960.
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rapid in the Railbelt than in the nation as a whole, resulting from increasing
numbers and proportions of young, single adult householders and childless
couples. This trend toward smaller households headed by young adults probably
has a practical 1imit somewhere near the Western Census Region 1980 average
household size of 2.6. However, recent revisions have been made to the Unijver-
sity of Alaska's MAP economic and population model to forecast the number of
households based on the household formation rates implicit in the 1980 census
figures. These imply that the Tower Timit may not be reached. Table 4.4 shows
the MAP forecast size of households in the Railbelt for the years 1980-2010 for
a typical economic scenario. The average size of households is relatively
insensitive to the scenario used, depending almost entirely on the age distri-
bution of population.

Household formation rates are thought to depend on the income of potential
householders, the price of housing, and borrowing costs implied by interest
rates. Unfortunately, Alaska economic data do not include time series on
Railbelt household income or housing prices; therefore, it has not proved
possible to estimate household formation rates based on these variables.

The RED model formerly estimated the number of households in each Railbelt
load center from a MAP model estimate of statewide households and the

TABLE 4.4. Forecast Size of Households, Railbelt lLoad Centers

Year Anchorage-Cook Inlet Fairbanks-Tanana Valley

1980 2.91 3.00
1985 2.73 2.89
1990 2.69 2.85
1995 2.67 2.81
2000 2.64 2.79
2005 2.63 2.76
2010 2.62 2.71

Source: University of Alaska Institute of Social and
Economic Research, case HE.6, FERC 0% Real
Growth in Qi1 Prices
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relationship between the age distribution of the population in each load center
and the age distribution of Alaska's population. The 1983 version now simply
accepts a MAP model forecast of the number of households in each load center.
The number of households served by electric utilities is estimated by multiply-
ing the numbers of households times a constant to reflect the proportion of
households served by e1ectric1ty.(a) The number of households served by
utility-generated electricity is virtually 100% in Anchorage. Rural areas of
the Matanuska-Susitna Borough and Kenai Peninsula Borough have a few residences
not served (mostly seasonal homes), but the Fairbanks North Star Borough and
Delta Junction areas have many year-round dwellings not served by utilities.

Historic and Projected Trends in Demand for Housing

The demand for a particular type of housing--single family, multifamily,
mobile home, or duplex--is hypothesized to be a function of the size of house-
hold and the age of the household head. The economics literature generally
also includes price of housing and household income in the demand for hous=-
ing. However, Alaska economic information does not include time series on
family income and housing prices that could be used to forecast housing demand
by type. Cross-sectional data on household income do exist for'Anthorage in
1977 by type of housing (Ender 1978); however, the Tack of historical time
series on household income prevent the estimation of household income as a
function of economic growth over time in the Railbelt. However, the age of the
head of household serves to some extent as a proxy for household income, with
older household heads generally more wealthy and able to afford larger homes.
Larger households also require more space and larger homes. These factors are
included in the demand equations for individual types of houses contained in
the RED model.

Government Program Effects

ISER performed an analysis of State of Alaska housing programs in 1982
(ISER 1982) with the following findings. Alaska Housing Finance Corporation

{a) Although this calculation is actually performed in the Housing Module, its
description is included in this doucment with the discussion of
residential electricity demand in Section 5.0.
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(AHFC) operates several different housing programs on behalf of the state in
which it acts as a secondary lender to provide mortgage loan money at the
lowest possible interest rates. Between July 1980 and December of 1982, AHFC
had a substantial negative impact on mortgage interest rates in Alaska, ranging
from 2.5 percentage points in July, 1980 to slightly more than 4 percentage
points in December 1981. Average loan volume repurchased by AHFC increased

5 times between 1979 and 1981, and accounted for 85% of all Alaska home loans
from July 1980 to October 1981. Much of the activity was due to the special
Mortgage Loan Purchase program enacted in June 1980. ISER found that the State
of Alaska's low interest housing loan programs caused construction of new homes
statewide to be about one thousand units higher {or one third higher) than it
would have been without the program and caused conversion of about 300 units
from rental to sales units. The other substantial effect was on the quality of
housing purchased. New homes built during 1980-1981 were an average $25,000
more expensive than existing homes. The proportion of multifamily construction
was not clearly affected one way or the other by the loan programs. In 1980
and 1981 new multifamily construction in Anchorage was only 30% of total units
built, whereas it had been 50% or more every year from 1974 through 1979,
However, opposite effects were found in Fairbanks. Loan program impacts were
confounded with the Tevels of rents. These were depressed between 1979 and
1981 and failed to support the construction of new multifamily rental units.

Compared to a situation without large-scale interest subsidies, ISER's
findings suggest that continuation of these lTarge-scale subsidies would result
in the following: 1) more first-time home buyers and more expensive units
being built (though it is not clear that these would necessarily be single-
family detached houses rather than condominiums); and 2) downward pressure on
rents, reducing the incentive for building multifamily rental units. Depending
on people's tastes for single-family detached units versus condominiums and the
builder's cost of providing units of -each type, government programs could cause
single-family construction to increase or decrease as a proportion of the
total. 1In the RED model, government programs are assumed to have no long-term
net effect on housing mix by type.
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Housing Demand by Type of Housing

Table 4.5 compares the demand for types of housing in the Anchorage-Cook
InTet load center with and without the influence of household age and household
size as reflected in the RED model structure. With the influence of household
size and age, relatively more households occupy single-family homes, which have
a lower electric fuel mode split than multifamily housing. By the year 2010,
residential electricity demand is about 3% lower with the effects of size and
age of households on housing mix than without these effects. As revealed by
the table, even fairly large differences in the proportions of households in
the various types of dwellings have Tittle impact on electricity consumption

forecasts.

TABLE 4.5. Impact of Householder Age and Household Size on Housing Mix
and Total Utility Sales, Anchorage-Cook Inlet

1980 1990 2000 2010

Single Family Proportion

of Served Households:
With Age and Size Effects 0.496 0.549 0.549  0.545
Without Age and Size Effects 0.496 0.461 0.461 0.461
Multifamily Proportion of

Served Households:
With Age and Size Effects 0.284 0.245 0.261 0.264
Without Age and Size Effects 0.284 0.383 0.383 0.383
Mobile Home Proportion of

Served Households:
With Age and Size Effects 0.115 0.126 0.127 0.129
Without Age and Size Effects 0.115 0.097 0.097 0.097
Duplex Proportion

of Served Households:
With Age and Size Effects 0.105 0.080 0.063 0.063
Without Age and Size Effects 0.105 0.059 0.059 0.059
Residential GWH Sold by Utilities:
With Age and Size Effects 879.5 1336.1 1599.6 1883.9
Without Age and Size Effects 979 .5 1382.2 1656 .4 1955.0

Source: RED Model Runs, Case HE. 6, FERC 0% Real Price Increase.
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After an initial adjustment, Table 4.5 also shows a slight downward trend
in the proportion of single-family households as the size of households
declines between 1990 and 2010. This is consistent with the falling historical
trend in the proportion of single-family houses in Railbelt communities from
1950-1980, as shown in Table 4.6. Although a short-term reversal of the
historical trend may have been occurring since 1980, especially in Fairbanks,
high vacancy rates and depressed rents probably explain the high proportion of
single-family homes constructed since 1980. In particular, the very high pro-
portion of single-family construction in Fairbanks since 1980 can be attributed
to high vacancy rates in multifamily units between 1977 and 1980. Vacancy
rates for multifamily dwellings in Fairbanks ranged upward from 0.5% in May
1976 to 13.5% in June 1980. The vacancy rates have fallen dramatically since
(to 1.7% by June 1982), and building permits for new multifamily units have
recovered, increasing by over 50% in the North Star Borough from 1981 to 1982
(Community Research Quarterly, Winter 1982).

Tables 4.7 and 4.8 present the parameters used to derive the joint distri-
bution of households by size and age of head. The baseline figures for the

TABLE 4.6. Single-Family Housing as Proportion Year-Round Housing
Stock by Type, Railbelt Load Centers, 1950-1982

Anchorage - Fairbanks =
Cook Inlet Tanana Valley
1950(2) 0.592 0.713
1960 0.628 0.518
1970 0.471 0.389
1980 0.462 0.450
1982(2) 0.472 0.472
Proportion Single-
Family Housing b
Built 1980-82 0.539 0.781(P)

(a) Urban Anchorage and Fairbanks only.
{b) Fairbanks-North Star Borough only.

Source: Table 13.1.
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TABLE 4.7. Probability of Size of Households

in Railbelt Load Centers

Year Size Anchorage Fairbanks

1980(a) < 0.476 0.455
3 0.190 0.210

4-5 0.291 0.287

6+ 0.042 0.048

1985(0) < 489 468
3 .188 .208

4-5 282 278

6+ .042 .048

1990(P) <2 502 481
3 .185 .205

4-5 272 . 268

6+ .041 .047

1995(0) <2 515 494
3 .182 .202

4-5 262 258

6+ .041 .047

2000(P) <« 528 507
3 .180 .200

4-5 253 249

6+ .041 .047

2005(0) < 541 520
3 .178 .198

4-5 244 240

6+ .041 .047

2010(®) < 554 533
3 .175 .195

4-5 234 230

6+ .041 .047

(a) Source: Battelle-Northwest End-Use
Survey.

(b} The Anchorage initial distribution
reaches the Western U.S. regional
average by 2010 {Bureau of the
Census 1977). The Fairbanks dis-
tribution is assumed to have the
same rate of change as Anchorage.
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TABLE 4.8. Regional Frequency of Age of Household Head
Divided by the State-Wide Frequency

Age of Head Anchorage Fairbanks
<25 1.064 1.108
25-30 1.013 1,103
31-54 1.018 0.988
- 55+ 0.867 0.842

Source: 1980 Census of Population
General Population Charac-
teristics: Alaska PC80-1-83.

distribution of size parameters were derived from the Battelle Northwest end-
use survey. Those parameters were adjusted to approximately approach the 1977
Western Regional average household size of 2.6 (Bureau of Census 1977) by the
year 2010 in Anchorage in constant linear increments. Fairbanks uses the same
increments and converges to a household size of about 2.7. The ratio of
regional to statewide frequency of age of head was derived from the 1980 Census
of Population for Railbelt locations. These ratios are assumed to remain
constant over the forecast period.

The housing demand parameters were originally estimated by ISER using a
linear probability model. The expected values in Table 4.9 are the estimated
coefficients reported by ISER. The ranges were calculated as the width of the
95% confidence intervals; the variance was backed out of the reported
F statistics.

Vacancies

Table 4.10 presents the assumed normal and maximum vacancy rates by type
of house. ISER derived the normal vacancy rates by taking the ten-year U.S.
averages of vacancy rates for owner and renter units (Goldsmith and Huskey
1980b). Single-family and mobile homes have the owner rate; multifamily homes
have the renter rate; and duplexes are the average of owner and renter rates.
For the maximum vacancy rates, Anchorage multifamily rates were available. The
relationship between the normal rates for multifamily and all other types was
used to derive the maximum rates.
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TABLE 4.9. Housing Demand Equations: Parameters' Expected Value,
Range, and Variance

Parameter Expected Value Range Variance

© b, 0.461 -- --
by -0.303 0.142  0.001
b,o -0.175 0.152  0.001
b4 0.080 0.230  0.003
bye 0.182 0.205  0.003
by, 0.317 0.182  0.002
bys 0.380 0.226  0.003
¢ 0.383 -- --
Cy1 0.225 0.124  0.001
Caz 0.086 0.133  0.001
Caa -0.090 0.202  0.003
Cos -0.203 0.180  0.002
Caq -0.280 0.159  0.002
Cas -0.352 0.198  0.003
d, 0.097 -- --
da 0.068 0.101  0.001
djp 0.039 0.109  0.001
daa 0.014 0.159  0.002
dye 0.008 0.152  0.001
d3 -0.020 0.130  0.001
dgs -0.016 0.162  0.002

Source: Goldsmith and Huskey 1980b, Table B.6.

Depreciation and Removal

Housing demolition rates {Table 4.11) are a function of the age of the
housing stock and the demand for housing. ISER found that approximately 1% of
the housing stock was removed between 1975 and 1980 in Anchorage and Fairbanks
(Goldsmith and Huskey 1980b). As the existing stock ages, the removal rate is
assumed to grow toward the U.S. average, which has been estimated to be between
2 and 4% per forecast period {5 years).
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TABLE 4.10. Assumed Normal and Maximum Vacancy Rates
by Type of House {Percent)

Type gggg L) Q:E;TBT
Single Family 1.1 3.3
Mobile Home 1.1 3.3
Duplex 3.3 10.0
Multifamily 5.4 16.0

(a) Imputed by ISER from Bureau of
the Census (1980a).

(b) Imputed by ISER from Anchorage
Real Estimate Research Committee
(1979).

TABLE 4.,11. Assumed Five-Year Housing Removal Rates in Railbelt
Region, 1980-2010 (Percent of Housing Stock at
Beginning of Period Removed During Period)

Removal
Years Rate (percent)

1980-1985 ; 1.25
1985-1990 1.50
1990-1995 1.75
1995-2000 2.00
2000-2005 2.25
2005-2010 2.50

Source: Author Assumption.

The professional economics 1iterature has devoted some attention to
depreciation ratés in housing. In an article in the Review of Economics and
Statistics, Leigh (1980) used a perpetual inventory method of calculating the
national stock of efficiency-adjusted residential housing units and checked
these estimates against the Census of Housing for 1950, 1960, and 1970 as well
as other authors' estimates. The various sources sited in Leigh's article show

values for economic depreciation/replacement ranging from 0.4 to 2.35%, with
most estimates grouped around 1.0 to 1.5%. Leigh herself calculates about 1%
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for the period 1950 through 1970. [ISER calculated an approximate five-year 1%
rate of removal for Anchorage and Fairbanks housing units by comparing the
estimated number of units in 1970 and 1979 with cumulative building permits
data. Because the housing stock ages and new houses provide more "services"
than old houses, the rate of economic depreciation for a given area is assumed
to be larger than the rate of physical depreciation. Consequently, housing
units are physically replaced less frequently than 1% per year. The U.S.
average physical depreciation rate was calculated by de Leeuw (1974) at between
2 and 4% per five-year period or 0.4 to 0.8% per'year. It is assumed that as
the Alaska housing stock ages, the very Tow current removal rate of 1.0% per
five years will approach the national Tower bound rate, 2.0% by 2000 and 2.5%
by the year 2010.

Base Year Housing Stock

The base-year housing stock figures displayed in Table 4.12 are the counts
of year-round housing stock from the 1980 Census of Housing for Alaska.

TABLE 4.12. Railbelt Housing Stock by Load Cente{ ?nd
Housing Type, 1980 (number of units)td/

Housing Type Anchorage Fairbanks
Single Family 40,562 10,873
Mobile Homes 10,211 2,175
duplexes 8,949 2,512
Multifamily 27,980 8,607
Total 87,702 24,167

{a) A unit is occupied by one household. Thus,
a 4-plex is considered four housing units.

Source: 1980 Census of Housing, STF3 Data Tape.
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5.0 THE RESIDENTIAL CONSUMPTION MODULE

The Residential Consumption Module provides forecasts of electricity
consumption for the Residential Sector. The forecasts of the residential
sector's needs do not include the impacts of conservation produced by market
intervention by government. The potential for and impacts of such conservation
activities are handled in the Program-Induced Conservation Module (see Chapter
8.0). Furthermore, the module's forecast of residential requirements is the
amount of electricity that needs to be delivered to the residential sector - it

does not include allowances for line losses.

The Residential Consumption Module estimates the amount of electricity
residential consumers use, with explicit consideration of the impacts of
electricity price changes and fuel switching among electricity, gas, and oil.
Impacts of fuel switching to and from other fuels (such as wood) are handled in
the Program-Induced Conservation Module.

MECHANISM

The Residential Consumption Module employs an end-use approach. In an
end~-use analysis, the first step is to identify the major uses of electric-
ity. Future market saturations of the uses are forecasted so that the future
stock of electricity-consuming devices is defined. The next step is to esti-
mate the amount of electricity demanded to meet a future demand for the ser-
vices of the devices. The forecast of average consumption of the appliance
stock, therefore, reflects both the trend in the size of the device and its
utilization rate, as well as projected increases in the efficiency of the
device. Once the stock of major electricity-consuming devices and their
corresponding average annual per-unit consumption of electricity are forecast,
the future consumption of electricity by device type is obtained by multiplying
the number of devices by their predicted annual average consumption of
electricity. Using the same procedure for miscellaneous residential uses and
sunming over all end-uses yields an aggregate forecast of electricity
requirements.
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One major problem of the end-use approach is that the impacts of changes
in fuel prices (both electricity and alternatives) and income on electricity
usage are usually treated directly through the forecaster's judgment. The RED
Residential Consumption Module addresses this problem differently. B8y adjust-
ing the aggregate residential consumption figure with variable price and cross-
price adjustment factors computed in the model from actual consumption data and
prices, RED accounts for price change and fuel-switching impacts in the resi-
dential sector. These adjustments can be interpreted as electricity conserva-.
tion induced by changes in fuel prices.

INPUTS AND QUTPUTS

Table 5.1 presents the inputs and outputs of the moduie. The number of
households by dwelling type is the number of occupied civilian dwelling units
served by electricity predicted in the Housing Module. The price adjustment
parameters, as well as the appliance saturations, are generated in the Uncer-
tainty Module. The output of the module is preliminary residential sales of

electricity.

MODULE STRUCTURE

The Residential Consumption Module identifies the following major uses of

electricity in the residential sector:

1. Water Heating

2. Cooking

3. Refrigeration

4, Freezing

5. Clothes Washing (and additional water heating)
6. Clothes Drying

7. Dishwashing {and additional water heating)

8. Saunas-Jacuzzis

9. Space Heating

In addition, several other uses of electricity by households are captured by a
small appliance category. Small appliances include televisions, radios,
1ighting, head-bolt heaters, kitchen appliances, heating pads, etc. The basic
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TABLE 5.1. Inputs and Qutputs of the RED Residential Module

(a) Inputs
Symbol Variable From
HDTy Electrically Served Households
by Type of Dwelling Housing Stock Module
A’B ’A' >
OSR,GSR Price Adjustment Coefficients Uncertainty Module
SAT Appliance Saturations Uncertainty Module
(b) Outputs
Symbol Variable To
RESCON Residential Electricity Miscellaneous, Peak Demand
Requirements and Conservation Modules

premise of this module is that the household is the primary consumer of elec-
tricity, not the individual. However, the number of individuals in the house-
hold significantly affects the consumption of energy for clothes washing,
clothes drying, and water heating. Therefore, an adjustment is included in the
model for changes in the average household size to recognize the ihpact of such
changes on the usage of these appliances.

For the nine major uses of electricity, the end-use approach is used (see
Figure 5.1). Figure 5.1 shows the calculations that take place in the Residen-
tial Consumption Module. Beginning with a regional estimate of occupied hous-
ing stock by type, the module uses appliance market saturation parameters to
estimate the stock of each of the major appliances recognized by the model.
The module then calculates the initial fuel mode split for multifuel appli-
ances, calculates preliminary electric consumption for each appliance type
(incTuding small appliances), and then sums these estimates together into a

.preliminary consumption estimate for the residential sector. Price forecasts
for gas, 0il, and electricity and "trial"-specific own-price and cross-price
adjustments are used to adjust the preliminary forecast. The adjustments are
described in Section 7.0.
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Results from the Battelle-Northwest (BNW) end-use survey {see Appendix A)
show significant differences in the saturations of these nine end uses by the
type of dwelling in which the household resides. The module, therefore, uses
the number of occupied housing units of each type of dwelling (single family,
multifamily, mobile home, and duplex) as predicted by the Housing Module as one
of the inputs to estimate the stock of appliances.

The Housing Module predicts the number of occupied primary(a) residences
by type in a given region served by electric utilities. By multiplying the
number of occupied housing units by type by an assumed percentage served, the
Housing Module forecasts the number of primary occupied housing units served:

HHStyi¢ = SEjp X HDpyi¢ (5.1)
where

HHS = households served

TY = denotes the type of dwelling

SE = proportion of households served by an electric utility

HD = stock of occupied dwellings from the Housing Module

i = region subscript

t = forecast period (t =1, 2, 3, e, 7).

Once the number of electrically served households by type of dwelling is
known, the applicance stock can be estimated. The saturation rate for an
appliamce is the percentage of households residing in a certain type of dwell-
ing and having the appliance in question. By multiplying the housing-type-
specific saturation rate by the number of households residing in that type of
housing and then summing across housing types, the model forecasts appliance
demand in each future forecast period t:

4

AD.. . = SAT

itk yel x HHS {5.2)

TYitk TYit

{(a) Excluding second or recreation homes.
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4
ADje = L (SATryjpp X HHSys] (5.2)
TY=1
where
AD = appliance demand
SAT = saturation rate (parameter)

k

end-use appliance.

Next, the model calculates the number of future additions to the stock. Assum-
ing demand is fully met, the number of new appliances in period t is found by
calculating the stock of appliances surviving from all previous periods and
subtracting this surviving stock from appliance demand:

t-1
. _ oMy _ 40
NAS = ADLp m£1 NAL e X (1 dtk] ASS ok X (1 dtk) (5.3)
where
NA = number of new appliances
AS;ox = initial stock of appliances (1980)
d?k= vintage specific scrap rate in period t; for vintage m
(parameter) (m =1, 2, 3, .cc, 7).
Equation 5.3 can be rearranged so that the stock equals the demand:
o t m
P 1
ADjpg = ASjg X (1 = dgy] + m£1 M ¥ (1= dgy) (5.3%)

The future appliance stock, therefore, can be stratified by vintage. Next, the
model calculates the initial stock of electricity-consuming appliances by mul-
tiplying the number of appliances in each vintage by the percentage using

electricity:
5.6
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EAD'Itk = FMS'Ik X AD'ltk (5.6)
where
EAS = initial stock of electric appliances
FMS = fuel mode split
ENA = additions to the electric appliance stock
EAD = total electric appliance stock.

The Residential Consumption Module next calculates the average annual
electricity consumption of each major appliance. Different vintages of
appliances use different amounts of electricity, so the average consumption
must reflect the vintage composition of the stock. Furthermore, industry
energy efficiency standards for appliances could change in future years. The
future vintage specific consumption rate can be derived by multiplying the
current (1980) consumption rate by a growth factor and adjusting for any
changes in efficiency standards. By weighting these figures by the proportion
of the stock they represent, the average consumption of each appliance type in

a forecast year is derived:

EAS, (1-d%,) t
k iok x tk m-1) x Z
AC'Ttk = AC.IOk X + Z (Ac_lok X (1+gkj( )
EADitk m=1
m
ENA, . (1-d,, )
x (1-csp) x 1mk tk ) (5.7)
EAD; p

where

ACj¢ = average consumption of appliance k in period t (parameter)

ACiok = average consumption of appliance k in the beginning period
(parameter)
Z = length of forecast periods t and m in years (parameter) set
equal to 5 for this study.
g = growth rate of appliance k consumption {parameter)
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cs = conservation standards target consumption reduction

(parameter).

Finally, the preliminary consumption for each major appliance can be

calculated by multiplying the stock of each appliance by its calculated average

consumption:

where

CONS = preliminary consumption of electricity prior to price

ad justments

AHS = household size adjustment parameter for clothes washing,

clothes drying, water heaters only.

The Residential Module makes no distinction among the various types of
appliances in the small appliance category. The requirements for these units
are simply the product of the number of households in the region, the initial
consumption Tevel, and a growth factor in consumption over time:

CONSjtga = L HHSpysq X [AC

L ACG, ., X t X Z)] (5.9)

iosa * (

where

ACG = growth factor in small appliance consumption

sa

index denoting small appliances.

Total preliminary residential consumption is found by summing across end

uses:

(Vo)

+ CONS; (5.10)

RESPRE; ¢ = é itsa

) CONSTt

1 k

where

RESPRE = total preliminary residential consumption.
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RESPRE;, reflects mainly the physical characteristics of the stock of
electrical appliances and household income. Consumers, however, can respond
dramatically to changes in the prices of electricity and alternative fuels.
The own- and cross-price adjustment factors measure the responsiveness of
consumers to price changes. Specifically, the own-price adjustment factor is
the ratio of the percentage of change in the quantity taken of electricity
during a five-year perjod to the weighted percentage change in price of
electricity relative to the prices of other goods during the period.

Similarly, the demand for electricity is also a function of the prices of
alternative fuels. For example, the cross-price adjustment factor for gas
measures the responsiveness of the quantity of electricity taken with respect
to change in the price of natural gas. In other words, the cross-price adjust-
ment factor predicts the percentage change in the quantity of electricity taken
for a cne-percentage change in thé relative price of an alternative fuel.

If the cross-price effect is positive, then the fuels are said to be
substitutes. As the price of another fuel rises, the quantity taken of elec-
tricity rises. For example, natural gas and electricity are substitutes. If
the price of gas rises enough relative to the price of electricity; then some
natural gas customers will switch to electricity. If the cross-price effect is
negative, the fuels are complements, implying that increases in the price of
the alternate fuel will cause reductions in the amount of the electricity that
is taken.

The RED model distinguishes between short-run and Tong-run responses to
price. In the short run, or the immediate future, consumers cannot alter their
usage as much as over longer periods of time, since their stock of appliances
is fixed. Over a Tonger period of time, they can replace elements of their
stock with devices that use Tess electricity, or perhaps use another fuel
source. Therefore, the speed with which consumers adjust from the short-run to
the long-run is important.

The price effects generated in RED are aged over the forecast period from
their short-run values to their Tong-run values, thus explicitly modeling con-
sumers' changing the pattern of use in the short run and fuel switching in the
long run. The Uncertainty Module generates both the short-run values of the
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price effect for specific trials and the coefficient of the speed of consumer
response. Chapter 7.0 discusses both the economic theory and Titerature under-
lying the estimation of the own-price effect and cross-price effects of gas and
0il on electricity consumption, as well as the manner in which the effects are
calculated.

The actual calculation of the price adjustment of residential consumption

is as follows:

RESCON;¢ = RESPREjy x (1 + OPA;4) x (1 + PPA;y)

x {1 + GPA;¢] (5.11)
where
RESCON = consumption of electricity in the residential sector
OPA = own-price adjustment for electricity
PPA = cross-price adjustment for fuel oil
GPA = cross-price adjustment for natural gas.

RESCON is the predicted electricity consumption in the residential sector
before adjustments for program-induced conservation. This figure is passed to
the Peak Demand and Program-Induced Conservation Modules. Note that RESCON is
a single number. The Residential Consumption Module does not report price-
adjusted consumption of electricity by end use.

PARAMETERS

The percentage of households served by an electric utility (Table 5.2) is
an important parameter. ISER has estimated that only 91% of the occupied
housing in Fairbanks was connected to an electric utility (Goldsmith and Huskey
1980b). Due to the high emphasis the Alaska state legislature and governor
have placed on energy, the extension of electrical service to all who would
1ike service is highly probable. Therefore, electrical services are assumed to
be extended to the entire stock of housing in the Fairbanks Toad center by
1995, The Anchorage-Cook Inlet load center is assumed to be 100% served.

5.10
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TABLE 5.2. Percent of Households Served by
Electric Utilities in Railbelt
Load Centers, 1980-2010

Year Anchorage Fairbanks
1980(2) 100 91
1985(b) 100 93
1990(b) 100 96
1995 (b) 100 100
2000(b) 100 100
2005 (D) 100 100
2010(b) 100 100

(a) Source: Goldsmith and ‘Huskey 1980b,
Table C.13, C.14, D.4, D.5.

(b) The state is assumed to extend
electrical service to all residents
by 1995.

Appliance Saturations

Because historical growth and comparison with the lower forty-eight states
provide only 1imited guidance on both current and future market saturations of
major appliances, somewhat arbitrary maximum penetration rates have been esti-
mated. The estimates were made by comparing recent utility saturation rate
studies by San Diego Gas & Electric (SDG&E) in 1982 and Southern California
Edison (SCE) in 1981 (realizing their limited relevance in estimating Alaska
saturation rates), information from 1980 Census of Housing for Alaska,

information from the Battelle-Northwest end-use survey, and other related
literature. Wide bands of uncertainty should be presumed for all appliances
examined since saturation rate data in the Titerature were not consistent.
Table 5.3 summarizes saturation rates examined.

Market penetration rates for many appliances in Alaska are already outside
the bounds of lower forty-eight state experience and have been increasing over
time, However, many of the major appliances will 1ikely never reach 100%
market saturation for a variety of reasons, such as transient population, the
convenience of substitutes such as laundromats, small housing units with
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inadequate space for some appliances, changing consumer perferences, etc. The
saturation rate estimates assumed in the RED model reflect a compromise between
1) rapid historical growth in appliance stocks in Alaska, 2) approaching
boundaries on market saturation and 3) comparable saturation data from other

sources.

Tables 5.4 through 5.7 show the default value and range for future market
saturations of major appliances that can use one of several fuels in normal
home installation. The table values are the expected percentages of housing
units of a given type that will own the appliance in a given year (having
access to and owning an appliance may result in different saturation rates) and
market area, and the subjective uncertain range that can be used instead of the
default value if the Monte Carlo option is chosen. The table title indicates
the type of housing. The assumptions for each type of appliance are givén

below.
Hot Water

Hot water was available in nearly 99% of singlé—fami]y homes in the
Anchorage market area, according to the Battelle-Northwest end-use survey. It
is assumed that 99% is a maximum for two reasons: the market saturation of hot
water in the Western U.S. was 99% in the 1970 Census (Bureau of Census 1970);
and Alaska can be expected to have rural cabin-like structures with limited
electric service for some time to come. 1In the Fairbanks market area, single-
family saturations are projected to increase to the Anchorage level by 1990.
The end-use survey and 1970 Census both show saturations in the vicinity of 90%
in this area. Increasing urbanization in Fairbanks and better electric service
should increase this percentage.

The other types of structures in the Batte]le—Nofthwest survey showed
market saturations of nearly 100% in all market areas. The exception was
multifamily housing. However, the wording of the gquestion in the survey upon
which this calculation is based may have been interpreted as asking whether the
respondent had a hot water tank in his unit rather than (as was intended)
whether he had hot water available. A 100% market penetration for hot water in
duplexes and multifamily buildings was assumed. Mobile homes were considered
the same as single-family units.
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Clothes.Dryer

The Battelle-Northwest survey and 1970 Census both show Railbelt market
saturations for clothes dryers far above the U.S. average (Bureau of Census
1970). Information available from the 1980 U.S. Statistical Abstract for 1979
shows that about 61.5% of electrically served housing units have an electric or
gas dryer (up from 44.6% in 1970) (Bureau of Census 1980b). In contrast, the
Battelle survey showed market saturations ranging from 61% in Fairbanks multi-

family structures to over 90% in other types of housing. Single-family dryer
saturations ranged from 81% in Fairbanks to 90% in Anchorage. "Because Alaska
already has such high saturations, the forecast is outside the bounds of
historical experience. A reasonable estimate is that no more than 95% of
single-family homes, mobile homes, and duplexes will ever have dryers because
of the availability of laundromats and because of the room taken up by washer-
dryer combinations in small housing units. For multifamily units, penetration
is assumed to be much slower because of the space problem. Since washers and
dryers are now installed in pairs in most new housing, market saturations for
dryers (which are now about 2% below those for washers in most areas) will
approach that for washers as old housing stock is replaced. 1In general, the
Tower the existing saturation, the greater is the uncertainty concerning its
future growth rate.

Cooking Ranges

Several data sources were examined to arrive at market saturation rate
estimates. The Battelle-Northwest end-use survey indicated that between 96 and
100% of all households surveyed had a range available. SDG&E (1982) reported a
96 .2% saturation rate while SCE (1981) ranged from 98.3% for multi-family units
to 99.5% for single-family units. The substitution of hot plates, broiler
ovens (1979 estimated national saturation rate of 26%) and microwave ovens
(1979 estimated national saturation rate of 7.6%) may account for the differ-
ence between 90 and 100%. Therefore, 100% of all housing'units currently are
assumed to have cooking facilities available by 1985. This percentage holds
throughout the period.
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Saunas, Jacuzzis, Etc.

These units are a relatively new phenomenon in private homes, almost all
having been installed since 1970. The Battelle-Northwest end-use survey found
market saturations ranging from 2.5 to 17%, SDG&E (1982) 11 to 39%, and SCE
(1981) 1.3 to 19.4%, all depending upon market area and housing type. Accord-
ing to the survey, 14% of Anchorage single family households reported having
one of these units, comparéd to 10.4 and 11.0%, respectively, for SCE and
SDG&E. Among single-family homes built since 1975 in Anchorage, the saturation
was 21%, while among single-family homes built since 1980 in the SDG&E survey
area, the saturation was 23.8%. To arrive at saturation rate estimates, a
target rate slightly larger than both was assumed for newly constructed single-
family homes in Anchorage to allow for the increasing popularity of saunas-
jacuzzis. Additional allowances were made for the existing stock of housing to
acquire saunas-jacuzzis. The additional allowances changed over time based on
the belief that saturation growth rates would fall as the newness of the item
wore off. This phenomenon may happen with any relatively new technology. Once
it has reached that segment of the population initially desiring to own a sauna
or jacuzzi, additional growth will be slower since a lower maximum. penetration
réte, when compared to other appliances, is assumed. Additional supportive
gvidence for a lower maximum penetration rate is found from California. There,
saturation rates are lower than in Alaska and growth rates are slowing down.
One additional impact on the willingness of those individuals initially not
strongly desiring to own a sauna or jacuzzi may be the relatively high price,
at least when compared to other major appliances. Also, installation costs may
be higher in Alaska since poorer weather would necessitate that the unit be
enclosed, However, the inflation-adjusted cost of saunas and jacuzzis, whirl-
pools, etc. is expected to drop somewhat as it does with any new appliance
type. This could raise future market saturations above current levels. By
weighing these factors, and considering economic growth prospects for the
subregions, the estimated default values were chosen. They are presented in
Tables 5.4 through 5.7.

~ One potential problem exists in Table 5.7. The BRattelle-Northwest end-use
survey created a slight ambiguity in terms of appliance ownership for
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multifamily homes by not asking residents of this type of housing whether they
actually owned or had access to a sauna or jacuzzi. In some apartment

complexes, a central recreation building houses a sauna or jacuzzi that all
residents may use. If every individual in the apartment complex claims they
each have a sauna or jacuzzi when in fact only one exists, the saturation rate
is overstated. This phenomenon is brought out in the SCE (1981) data, where
19.4% of all apartment/condominiun/townhouse occupants claimed a hot tub/-
jacuzzi. However, only 6.7% of thaf total had their own private hot tub/-
jacuzzi. A level of 19.4% gives an incorrect representation of the penetration
rate for saunas and jacuzzis and an overestimate of electricity consumption.

To correct for this problem, default values and ranges in Table 5.7 have been
adjusted downward for slower future growth.

Tables 5.8 through 5.11 indicate default market saturations and ranges of
values for large household appliances that are almost always electric. These
include refrigerators, freezers, dishwashers, and clothes washers. The table
title indicates the housing type, and the table values show an expected market
saturation for each appliance by market area and year. The ranges shown in the
tables reflect the degree of unceftainty attached to the default value. The
wider the range, the greater is this subjective uncertainty. The assumptions
supporting the table values are given below by appliance.

Refrigerators

The Battelle-Northwest end-use survey found that virtually 100% of all
households had a refrigerator. This is in agreement with several other studies
such as SDG&E (1982) at 97.5%, SCE at 96.2 to 96.6%, and the national Residen-
tial Energy Consumption Survey (RECS) at 99.8%. The California Energy Commis-
sfon (CEC) found in 1976 that enough housing units had second refrigerators to
raise total California market saturation to 113-116%. ISER, in their report to
the Alaska State Legislature, assumed that this high percentage would Tikely
not prevail in Alaska because of the cooler climate (Goldsmith & Huskey
1980b). Therefore, a default value of 99% was chosen throughout. In the RED
model, the ISER assumption is modified to permit a range of values from 98 to
100%.
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reezers

The end-use survey found market area-wide saturations of freezers ranging
from about 80% in Fairbanks to over 90% in Anchorage. These figures are 10 to
20% higher than assumed by ISER for 1980 for these areas, about 40% above 1970
Census values for the Railbelt, and 30 to 40% above the U.S. average. In other
words, area-to-area comparisons and historical experience are not very helpful
for predicting future saturations. For single-family homes and mobile homes,
the maximum saturation has been assumed to have been just about reached because
with better shopping facilities and increased urbanization, fewer freezers will
be necessary for long-term food storage from bulk buying.

For duplexes and multifamily units, the percent of saturation should
remain significantly lower. The tenants in such units tend to be more
transient and are probably less involved in Alaskan hunting, fishing, and
gardening pursuits than most Alaskans. Consequently, they would have less
demand for freezers. Second, rental units tend to be smaller. Consequently,
renters might tend to substitute rented commercial cold-storage locker space
for a freezer to conserve scarce living space in duplexes and multifamily
units. The'range of uncertainty is shown to be quite broad, sincé-market
penetration has been rapid in the Tast 10 years, but the maximum appears to
have been reached in some cases.

Dishwashers

The Battelle-Northwest end-use survey found market saturations for dish-
washers well above the existing U.S. average. 1In the U.S. as a whole, the 1979
saturation was about 41% of homes served by electricity (Bureau of Census
1980b), but this percentage ranged from 50% in Fairbanks to 75% in Anchorage
survey homes. Saturations have increased by about 50 percentage points in both
Railbelt Toad centers since 1970, again outside the range of historical experi-
ence. (Using this experience, ISER (Goldsmith and Huskey 1980b) projected 1978
market saturations of 50% in Anchorage and 36% in Fairbanks.} The rate of
increase in market saturation was very rapid in the 1970s, but further
increases in saturation in Anchorage in particular may be limited since a high
proportion of some types of housing units already have dishwashers. A maximum
saturation of 90% was assumed for all homes. The annual rates of saturation
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growth for the 1970s were then projected for each region: 9% per year for
Anchorage, and 8% per year for Fairbanks. Except for Fairbanks multifamily,
where historical growth rates are assumed, 90% maximum saturatijon is assumed to
occur in 1990, The grdwth rate was then assumed to fall to zero. A wide range
of uncertainty is assumed for dishwasher saturations because of the tenuous

nature of the required assumptions.

Clothes Washers

The Battelle-Northwest end-use survey found that area-wide clothes washer
saturations ranged from about 84% in Fairbanks to 89% in Anchorage. These
figures are well above the 73% reported for the U.S. in 1979 in the 1980
Statistical Abstract {Bureau of Census 1980b). It also represents about 10 to
15 percentage points growth since the 1970 Census. The rate of saturation
increase did not slow down appreciably in the 1970s compared to the 1960s;
consequently, market saturation may not have yet approached its maximum. For
forecasting, the maximum penetration is assumed to be 35%. Different types of
housing reach this maximum at different rates. In particular, since single-
family homes are already 85 to 90% saturated, they reach 95% slowly, achieving
this level by the year 2000. Some markets are closer to being completely
saturated. Even at low rates of growth they reach 95% somewhat earlier. In no
case is clothes-washer saturation allowed to be below that for clothes
driers. The Battelle-Northwest survey generally found that washer saturation’
was one to two percentage points higher than that for dryers. Where this was
not the case (e.g., duplexes in Fairbanks) the difference appears to have
occurred because of the small number of households in the category. - The market
saturations for washers and driers gradually converge, since they are now
usually installed in pairs. Multifamily saturation of washers and driers grows
the slowest, reaching 95% by 2010 in Fairbanks. .

Fuel Mode Splits

The fuel-mode splits presented in Table 5.12 were also derived from the
Battelle-Northwest end-use survey and 1980 Census of Housing with the exception
noted below. These parameters are assumed to remain fixed over the forecast
period, as the cross-price elasticity adjustment handles fuel switching.
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Discussions were held with several Anchorage area home builders, the staff
of Anchorage Municipal Power and Light, ISER, and two real estate management
firms in Anchorage concerning incremental fuel mode splits for new housing
stock. The consensus was that very few units are being constructed in the
Ancho}age area in 1983 with either electric heat or electric hot water where
gas is available because electric thermal units are considered to have
unattractively high operating costs. This is believed to be a phenomenon
caused by past electricity price increases and is therefore not accommodated by
the RED price adjustment coefficients after 1980. Accordingly, the 1983
version of the model judgmentally imposes reduced incremental electric fuel
mode splits in space heating and water heating for new housing units built in
the Anchorage-Cook Inlet 1oad center since 1980. The fuel mode splits are kept
above zero to ref]éct construction in portions of the Anchorage-Cook Inlet load
center not served by gas. Where incremental fuel mode splits are shown, elec-
tricity use rates for both the new and old stock are shown in Table 5.12.
Post-1985 use rates for all appliances appear in Table 5.13.

Comparison of Census and Battelle Northwest end-use survey results for the
percentage of water heaters using electricity in Fairbanks in 1980 revealed
Tower values in the Census., The assumption was made that the Census results
were more accurate and additional time went into a further analysis of the
Battelle Northwest end-use survey. As a result of this and a study of the
methodology employed in the Census, original end-use survey fuel mode split
values have been scaled downward by a correction factor of 0.6 for hot water.
After the correction factor, the figures now reported in Table 5.12 are
believed to be accurate.

Consumption of Electricity per Unit

The average kilowatt hour consumption figures are primarily based on
values summarized from other studies presented in Henson (1982) and also SDG&F
(1982). Below is a brief discussion of each parameter. Studies reviewed are
shown in Table 5.14. |
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Space Heat

For space heating in the existing housing stock, the average annual
consumption figures derived by ISER are used (Goldsmith and Huskey 1980b).
These figures were derived based on heating degree days, floor space, and
average consumption of all electric homes within the Railbelt region and were
adjusted downward by 10% to allow for additional conservation in the building
stock since ISER's study.

Water Heaters

The average Consumption for water heaters is based on the California
Energy Commission's (CEC's) estimates and several engineering studies sum-
marized in Henson (1982). The figure separates out consumption for clothes
washers and dishwashers and has been adjusted upward by 15% to account for the
colder-water inlet temperature in Alaska. Anchorage values were also adjusted
downward for some heating of municipal water supplies (see Tillman 1983).

Clothes Dryers

For clathes dryers, average consumption is the figure reported by the
Midwest Research Institute (MRI). ISER (MRI 1979) picked a lower estimate
based on household size, but the colder climate in Alaska should also rajse the
estimated use of dryers. This is reflected in high saturation values for this
appliance.

Cooking-Ranges

This category is broadly interpreted as production of heat for cooking
purposes. The figure reported was derived by averaging the values from several
reports.

Saunas-Jacuzzis

The authors informally contacted several suppliers of saunas, jacuzzis and
hot tubs and were told that the consumption of these devices ranged from
100-3000 kWh annually. Hunt and Jurewitz found 1300 kWh annual consumption for
new additions to the stock. However, SDG&F (1982) reported annual average con-
sumption at approximately 2700 kWh. A conservative consumption fiqure of
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1600 kWh annually was chosen to reflect the presence of bathtub whirlpools and
other small units as well as larger units.

Refrigerators

An average value from SDG&E (1982) was used, allowing for a 75% saturation
of frost-free units in the Railbelt, as revealed by the Battelle-Northwest

residential survey.
Freezers

This figure showed little variation among Merchandising Week, MRI, and
ISER. The MRI figure was chosen.

Dishwashers

The value assumed for dishwashers is the mean of several engineering
studies cited in Henson (1982) and SDG&E (1982). Additional water heating
associated with dishwashing has been separated out.

Dishwasher and Clothes Washer Water

These values are from the CEC, adjusted upward to account for colder water

inlet temperatures in Alaska.

Miscellaneous Appliances

For miscellaneous appliances, estimates of consumption were originally
prepared by ISER by subtracting estimated large appliance electricity consump-
tion for 1978 from total 1978 consumption/residential customer {Goldsmith and
Huskey 1980b). Lighting was inferred from national statistics and increased to
1000 kWh/year/customer. The remainder was charged to small appliances.
Research for the RED Model checked ISER's work by assuming: 1) televisions
(rated at 400 kWh/year) are included in small appliances; and 2) the ISER
estimate of 480 kWh/year/customer for headbolt heaters is replaced with load
center-specific estimates derived from load-center specific utilization data
produced by the Battelle-Northwest end-use survey and National Oceanic and
Atmospheric Administration (NOAA) data on normal minimum temperatures (NOAA
1979); and 3) 1000 kWh/year lighting. The revised estimates for block heaters
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are as follows: Anchorage, 459 kWh/year/customer; Fairbanks, 1127 kWh/year/-
customer., Because the results were broadly consistent with ISER's figures,
ISER's totals were used (Goldsmith and Huskey 1980b).

Electrical Capacity Growth

Table 5.15 presents average annual kWh consumption for new appliances in
1985. Revised numbers are presented reflecting the authors' belief that

- improved efficiency ratings for appliances coming onto the market will largely

offset future increases in energy use brought about by increases in appliance
size. This is not merely a phenomenon of Alaska fuel prices; rather, it
reflects national energy market trends. Alaskans have little choice concerning
the purchase of more efficient appliance technologies since the available
appliance mix is dictated by national markets.

Little information is available on changes in appliance efficiencies in
the absence of price effects in the Alaska market. However, the appliance
manufacturers associations and the U.S. Department of Energy (DOE) have
developed estimates of appliance efficiency for several types of new appliances
(see King et al. 1982)}. The major source for the efficiency ratings on new
appliances was a DOE survey of appliance manufacturers (Form CS-179) that asked
actual energy efficiency information on current models of appliances for 1972
and 1978. In addition, manufacturers were asked to make projections of new
appliance efficiency for 1980. The Association of Home Appliance Manufacturers
has since revised some of the estimated efficiencies of the 1980 (sometimes
1981) models and has found that estimated efficiencies have improved more than
was anticipated at the time of the CS-179 survey. In fact, refrigerators
freezers, dishwashers, and clothes washers have improved enough in average
efficiency to offset the effects of product size increases and new energy-using
features (such as the frost-free option on refrigerators), leading to a sig-
nificant net reduction in average kilowatt-hours used in the new mode1s.(a)
Table 5.15 summarizes the findings of the CS-179 survey and appliance
manufacturers.

(a) Personal Communication, Jim McMahon, Energy Analysis Program, Lawrence
Berkeley Laboratory, May 24, 1983.

5.33




TABLE 5.15. Electric New Appliance Efficiency Improvements 1972-1980
(percent impact on energy use, 1972 base)

CS-l79,Findings(a) Appliance Manufacturerst?)
Appliance 1972-1978 1972-1980 1972-1980
1. Water Heat
Efficiency -1.1 -1.9 . NA
Size Increase NA NA NA
Qther Features NA NA NA
Net Energy Use NA : NA NA
2. Ranges
Efficiency -15.7 -20,1 NA
Size Increase NA NA NA
Other Features NA NA NA
Net Energy Use NA NA : NA
3. Clothes Dryers
Efficiency . -0.0 -4,2 -3.1
Size Increase NA NA 0.4
Other Features NA NA 0.4
Net Energy Use NA NA =-2.7
4, Refrigerators
Efficiency -20.5 -34.3 -45.6
Size Increase NA NA 8.0
Other Features NA NA 11.6
Net Energy Use MA NA -26.0
5. Freezers
Efficiency -24,7 -32.8 -48.0 \
Size Increase NA NA -10.0(¢)
Other Features NA NA 18,5
Net Energy Use NA NA =-39.5
6. Dishwashers
Efficiency NA NA -45,0(d)
Size Increase NA NA } ia O(d)
Other Features NA NA '
Net Energy Use NA NA -31.0(d)
7. {lothes Washers
Efficiency NA NA -51.6¢4)
Size Increase NA NA "s]ight"(d)
Other Features - NA NA 12.1¢9)
Net Energy Use NA NA -39.5(d)

NA = Not Available

(a) Source: King et al. 1982,

{b) Source: McMahon 1983.

(c) Net decrease in average size. More compact models sold.
(d) 1972-1981.
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Even in the absence of further changes in Railbelt energy prices, residen-
tial consumers in the region are expected to have access to increasingly effi-
cient models of major appliances. In the recent past, efficiency improvements
have more than offset increases in the size of these appliances. For the
future, consumers are assumed to adopt more efficient available models to just
offset increases in size of new models for the years after 1985, Two excep-
tions are allowed. Table 5.15 shows that water heaters have not improved
significantly in efficiency. Once properly installed (and then only if in an
unheated space), the 1imits of efficiency improvements will have been reached
on existing designs. From there on, further improvements are possible from
redesign of water-using appliances, tankless point-of-use water heating, and
significant behavioral changes of household residents, but these are unlikely
without further price increases in the Railbelt. Thus, as household incomes
rise, it is assumed that hot water usage increases and efficiency improvements
do not offset these increases in the absence of price changes. A similar
factor is assumed to be at work in space heating, Rising household incomes are
assumed to increase the average size of the housing stock and comfort demands
at a faster rate than efficiency improvements can reduce demand in the absence

of energy price changes.

Prior to 1985, a mix of influences is expected to be operating on energy
use. Uater heaters and space heating systems are assumed to increase in size
with 1ittle or no offsetting conservation effects in the absence of fuel price
increases. Clothes dryers are assumed to have about the same energy use as in
1980, with small increases in size offset by small improvements in effi-
ciency. New ranges are assumed to increase in size and in energy-using fea-
tures over the existing stock to surpass the existing upper bound usage in
Scanlon and Hoffard (1981) single-family homes. Refrigerators have gained
radically in energy efficiency historically and are assumed to continue to do
so between 1980 and 1985, offsetting size and energy-use increases. 1980
refrigerator energy usage rates already reflect a large proportion of frost-
free units. (Battelle-Northwest survey results show about 75 to 80% frost-free
units in the Anchorage load center, 65 to 70% frost-free in Fairbanks.) Thus,
1ittle increase in energy use can be expected from penetration of frost-free
units. Although nationally freezers have become more efficient, additional

5.35



penetration of frost-free models in the Railbelt is assumed before 1985, lead-
ing to a small increase in average energy use. Clothes washers and dishwashers
are assumed to continue their recent historic trend toward greater efficiency
and conservation of hot water before 1985, After that, water use increases
while efficiency improvements just offset increased capacity and use. Sauna
and jacuzzi 1985 energy use reflects additional market penetration of slightly
Targer units than comprise the 1980 stock.

Appliance Survival

Table 5.16 presents the percentage of appliances remaining in each five-
year period after their purchase. These figures were derived by I[SER based on
Hausman's work (1979) with implicit discount rates for room air conditioners.
Hausman found that the stock of a particular vintage of air conditioners was
fairly well approximated by a Weibull distribution. By substituting differing
lifetimes (EPRI 1979) for alternative appliances, ISER used his results to
derive the figures in Table 5.16. For saunas and jacuzzis, RED assumes the
appliance Tifetime was comparable to refrigerators. |

Household Size Adjustments

Clothes washers, clothes dryers, and water heaters are used more inten-
sively by large families. Relying on a 1979 Midwest Research Institute study
of metered appliances and family size (Midwest Research Institute 1979), ISER
researchers calculated an adjustment factor for usage of electricity in clothes
washers, clothes washer water, clothes dryers, and water heaters (Goldsmith and
Huskey 1980b). As household size declines, so does energy use in these appli-
ances, other things equal. Table 5.17 shows the equations used. ISER annual-
ized the equations (which were based on daily use), normalized them to an
average household size of three persons, and calculated a ratio to adjust
calculated electricity consumption for average household size.

Price Elasticities

The final parameters used in the Residential Module are the parameters
used to compute the price effects described briefly in the module structure
section of this chapter. Because of the complexity of the algebra involved,

5.36

oY

L)
i



g

fn

a-

TABLE 5.16. Percent of Appliances Remaining in Service Years After

Purchase, Railbelt Region

01d Appliances

Space Heat (Al1)
Water Heaters
Clothes Dryers
Ranges-Cooking
Saunas-Jacuzzis
Refrigerators
Freezers
Dishwashers
Clothes Washers

New Appliances
Space Heat (Al1)
Water Heaters
Clothes Dryers

Ranges-Cooking
Saunas-Jacuzzis
Refrigerators
Freezers
Dishwashers
Clothes Washers

Source:

5 10 15
0.90 0.80 0.6
0.6 0.3 0.1
0.8 0.6 0.3
0.6 0.3 0.1
0.8 0.6 0.3
0.8 0.6 0.3
0.9 0.8 0.6
0.6 0.3 0.1
0.6 0.3 0.1
0.89 0.73 0.56
0.75 0.35 0.1
1.00 0.75 0.35
0.75 0.35 0.1
1.00 0.75 0.35
1.00 0.75 0.35
1.00 1.00 0.75
0.75 0.35 0.1
0.75 0.35 0.1

which is author assumption.
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20 25 30
0.3 0.1 0.0
0.0 0.0 0.0
0.1 0.0 0.0
0.0 0.0 0.0
0.1 0.0 0.0
0.1 0.0 0.0
0.3 0.1 0.0
0.0 0.0 0.0
0.0 0.0 0.0
0.42 0.3 0.1
0.0 0.0 0.0
0.1 0.0 0.0
0.0 0.0 0.0
0.1 0.0 - 0.0
0.1 0.0 0.0
0.35 0.1 0.0
0.0 0.0 0.0
0.0 0.0 0.0

ISER {(Goldsmith and Huskey 1980b) except for saunas-jacuzzis,




TABLE 5.17. Equations to Determine Adjustments to Electricity
Consumption Resulting from Changes in Average
Household Size ’

Appliance Equation
Clothes Washer anst@) = 1 x ann(b)
Clothes Washer Water AHS = 0.25 + 0.75 AHH
Clothes Dryer AHS = 0.25 + 0.75 AHH
Water Heater AHS = (.51 + 0.49 AHH
(a) AHS = Adjustment factor.

(b) AHH = Average household size (Based on 3.0).

the discussion of this topic has been given its own chapter (Chapter 7.0),

where the parameters are reported. The values for the parameters came from
Mount, Chapman, and Tyrell (1973).
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6.0 THE BUSINESS CONSUMPTION MODULE

The Business Module forecasts the requirements for electricity in the
commercial, light industrial, and government sector of the Railbelt economy.
The figures predicted here do not consider the impacts of explicit program-
induced conservation. Program-induced conservation is handled in the Program-
Induced Conservation Module. Heavy industrial use is forecasted exogenously,
as described in Section 10.0.

MECHANISM

The structure of the forecasting mechanism in the Business Consumption
Module is dictated by the availability of data that can be used to produce
forecasts. Unlike many Lower 48 utility service areas, the Railbelt has a very
weak data base for estimating and forecasting commercial, light industrial, and
government electricity consumption. No information exists for consumption of
electricity by end use in this sector, so RED produces an aggregate forecast of
business electricity Consumption. The Business Consumption Module uses a

forecast of total emp1oyment for each load center to forecast business

(commercial, 1ight industrial, and government) floor space. The module then
uses this forecast of the stock of floor space (a proxy for the stock of
capital equipment) to predict an initial level of business electricity
consumption. This initial prediction is then adjusted for price impacts to
yield a price-adjusted forecast of business electricity consumption.

INPUTS AND OUTPUTS

Table 6.1 presents the inputs and outputs of the Business Consumption
Module. Load-center-specific forecasts of total employment are exogenous to
RED. Currently these come from forecasts of the ISER Man in the Arctic Program
(MAP) model. The elasticity of use per square foot of building space and price
adjustment parameters are assigned in the Uncertainty Module. The output of
the Business Consumption Module is the price-adjusted forecast of electricity
requirements of the business sector before the impacts of program-induced
conservation are considered.
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TABLE 6.1. Inputs and Qutputs of the Business Consumption Module
a) Inputs
Symbol Name From
TEMP Total Regional Employment Forecast File (exogenous)
BBETA Electricity Consumption Floor Uncertainty Module
Space Elasticity (parameter)
A,B,A,O0SR,GSR  Price Adjustment Coefficients Uncertainty module
(parameter)
b) Outputs
Symbol Name To
BUSCON Price-Adjusted Business Miscellaneous, Peak Demand

MODULE STRUCTURE

Figure 6.1 presents a flow chart of the module.

Consumption

and Conservation Modules

The first step is to use

employment forecasts to construct estimates for the regional stock of floor

space by five-year forecast period.

The predicted floor space stock is then

fed into an electricity consumption equation that is econometrically derived to

yield a preliminary forecast of business requirements, which is then adjusted

for price impacts.

After investigating several alternative methods for forecasting business
floor space, Battelle-Northwest researchers decided to use a very simple
formulation of the floor space forecasting equation in the 1983 version of
RED. The floor space per employee in Anchorage and Fairbanks is assumed to
increase at a constant rate to levels about 10% and 15%, respectively, above

today's levels by the year 2010.

This takes into account both the evidence of

historic increase in floor space per employee in Railbelt load centers and the
historic Tower levels of floor space per employee in Alaska compared with the

nation as a whole.

The assumption is still quite conservative, since Alaska's

commercial floor space per employee is far below the national average. The

forecasting equation is shown as equation 6.1.
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The controlling data series for the commercial forecast is an annual
estimate of commercial floor space, which is derived for the period 1974 to
1981. The beginning point is an estimate of commercial floor space in the two
Tocations developed by ISER (Table 6.2 and Table 6.3) that shows the 1978 stock
of energy-using commercial floor space in Anchorage to be about 42.3 million
square feet (from which 860 thousand square feet of manufacturing floor space
were subtracted to yield 41.4 million) and in Fairbanks about 10.8 million
square feet. This estimate was adjusted backwards and forwards for the period
1974 to 1981 using a predicted construction series (Equation 6.4) to produce a
stock series for the two lTocations.

Once the forecast of the stock of floor space is found, the module then
predicts the annual business electricity requirements before price adjustments,
based on a regression equation:

PRECON, . = exp[BETA, + BBETA, x 1n(5TOC|<1.t]] (6.2)
where
PRECON = nonpricé adjusted business consumption
BETA = parameter equal to regression equation intercept
BBETA = percentage change in business consumption for a one percent
change in stdck (floor space elasticity).
exp,ln = exponentiation, logarithmic operators

t = index for the forecast year (1980, 1985, ..., 2010).

Finally, price adjustments are made with the price adjustment mechanism
identical to that in the Residential Consumpticn Module.

BUSCON;j4 = PRECON;, x (1 + OPATt) x (1 + PPAit) x (1 + GPATt) (6.3)
where
BUSCON = price-adjusted business requirements (MWh)
OPA = own-price adjustment factor
PPA = cross-price adjustment factor for fuel oil
GPA = cross-price adjustment factor for natural gas.
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TABLE 6.2, Calculation of 1978 Anchorage Commercial-~Industrial Floor Space

10372
AMATS Survey {Anchorage Bowl, 1975) 42,067
Minus Non-energy Using (parking lots,
cemeteries, etc.) 18,918
Energy Using Floor Space 23,149
20 Percent Adjustment for Underreporting 4,630
27,779
Sectors not Included in ?ugvey:
1. Girdwood/Indjan‘? 53
2. Eagle River/C?u?iak(b) 300
3. Hotels/Motels‘® | 1,000
4, Assorted Cultural Bui1dings(d) 500
29,632
Ttem: (@)
Retail Trade 6,148
Warehousing 3,722
Education 3,528
Wholesale Trade ; 3,131
Transport-Communication-
Public Utilitites 2,663
Government 1,405
Manufacturing 706
Other 7,331
Growth Between 1975-1978(f) (about 25 %) 7,400
1978 Estimated Commercial-Industrial Floor Space(G) 37,000
General 25,120
Education 5,000
Warehousing 4,520
Hotels 1,500
Manufacturing 860
1978 Non-Manufacturing Floor Space, Anchorage 36,140

Source: Adapted from Goldsmith and Huskey (1980b).
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TABLE 6.2. (contd)

Twenty-five businesses in 1975 acording to telephone book. Assume 2,500
square feet/business.

Based on the ratio of the housing stock in 1978 between Eagle River/Chugiak
and Anchorage.

Assumes 2,000 rooms at 500 square feet/room. Based on Jackson and Johnson
1978, p. 40.

Forty-six establishments identified in 1975 telephone book. Average size
assumed to be 10,000 square feet.

Detail does not add to total in original. Total was assumed correct.

This is based upon two indicators. The first is the growth in employment
between 1974-75 and 1978, Civilian employment was as follows: 1974 -
58,700, 1975 - 69,650, and 1978 - 76,900. Employment growth was 31% in the
period 1974 to 1978 and 10% in the period 1975 to 1978. (State of Alaska,
Department of Labor, Alaska Labor Force Estimates by Industry and Area,
various issues.) The second is the growth in the appraised value of
buildings over the period 1975 to 1978. After adjusting for inflation, the
increase was 48%. Based on the assumption that the rapid employment
increase in 1975 resulted in undersupply of floor space in that year, we
assume a 25% growth in floor space between the summer of 1975 and 1978.
Independent estimates of floor space in 1978 in the educational category
and the hotel/motel category were available from the Anchorage School
District and Anchorage Chamber of Commerce, respectively. The remaining
growth was allocated proportionately among the other categories.

TABLE 6.3.k 1978 Commercial-Industrial Floor Space Estimates

MiTlion
Square Feet

Greater Anchorage Area 41.4
Anchorage 36.1
Kenai-Cook Inlet 3.2
Matanuska-Susitna 1.5
Seward 0.6
Greater Fairbanks Area 10.8
Fairbanks 10.4
Southeast Fairbanks 0.4

Source: Adapted from Goldsmith and Huskey (1980b).
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The price-adjusted business requirements are then passed to the Program-

Induced Conservation and Peak Demand Modules.

PARAMETERS

As described in the subsection on MECHANISM, the data base available in
the Railbelt for forecasting business electricity consumption is very weak.
Among the principal problems in forecasting for this sector are the following:

e No information on electricity consumption by end use exists for this
sector in the Railbelt.

® Many of the Railbelt's large commercial users of electricity

(considered industrial users in many electricity demand forecasting
- models) are primarily commercial users. In addition, many

government offices are in rented commercial space. This makes it
jmpossible to use employment by industry to forecast electricity
consumption separately for commercial, industrial, and government
end-use sectors since the Standard Industrial Classification (SIC)
codes in which employment is typically reported do not at all
correspond to the traditional end-use sectors of electricity-demand
models.

® While an estimate exists for the stock of business floor space in
the Railbelt in 1978 and can be used to estimate the intensity of
commercial electricity use, the only comprehensive data base on
commercial (including industrial and government) building
construction available to estimate changes in stock is subject to
tight copyright controls. It was necessary, therefore, to estimate
historic construction to derive historic series of the stock of
business floor space.

These problems made it reasonably clear that forecasts by end use or even
end-use sector were impossible. However, it was unclear whether stock or
employment was a better predictor of business electricity consumption.

The approach used to resolve the issue consisted of three steps. First,
the historical relationships of electricity consumption per employee and per
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square foot of commercial floor space were examined to determine the most
appropriate relationship on which to base the forecasts. Second, equations
developed for related work were applied to the two locations and examined as to
the plausibility of their forecasts. Finally, a Tess sophisticated forecasting
methodology was devised due to data Timitations. This methodology took maximum
advantage of the existing Railbelt data base.

The historical relationships of electricity consumption per square foot
and per employee in the commercial sector were examined to determine whether
one or the other of the two relationships was more appropriate as a basis for
consumption forecasting electrical energy consumption. This examination,
reported in the subsection on consumption below, concluded that floor space was
theoretically superior and a slightly more stable predictor of electricity

consumption,

Floor Space Stock Equations

Several different methods were used in an attempt to forecast commercial
building stock in the Railbelt. These methods included adapting forecast
equations from related work performed by Battelle-Northwest in the- Pacific
Northwest and the nation as a whole. It was not possible to directly estimate
building stock equations for the Railbelt due to copyright restrictions on the
use of the data used to estimate the Pacific Northwest and national equations.

The forecast method used a relatively unsophisticated approach to develop
floor space forecasts. Commercial sector energy consumption and building stock
figures for Anchorage and Fairbanks were compared to similar estimates in the
Lower 48. These comparisons then formed the basis for the method used for
forecasting floor space.

Data on "actual" floor space in the commercial sector are scarce; this
1imited the comparison to one year (1979 for .S. figures; 1978 for
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Alaska).(a) Some Lower 48 multistate regional estimates, but no independent
state-wide estimates, were available. Table 6.4 summarizes the results of
these comparisons to Railbelt estimates for a variety of sources.

An average 531 square feef per employee existed in commercial buildings in
the U.S. in 1979 (using Energy Information Administration data on square foot-
age and total U.S. employment, less mining and manufacturing employment).
Broken out by region, the figures ranged from 364 to 751. The highest space-
per-employee ratio occurs in the North Central region, and the smallest is in
the West. Comparable figures for 1978 in the Railbelt fall at the lower end of
that range. For comparison, the table shows estimates from a survey performed
by the Bonneville Power Administration (BPA) by commercial building type:
trade employees use 891 ft2; services employees use 1194 ft2; and office
employees use 305 ft2. Figures for the distribution of commercial square
footage by building type in the U.S. do not exist, but if the square footage
estimates in Table 6.4 are accurate, they may indicate a relatively higher
proportion of offices in the Railbelt on average than in the U.S.

Estimates for the Railbelt from historical data (1978) and the RED model
{1980) fall below the U.S. national average for square footage per employee.
The estimates are reasonable, however, and the differences largely reflect
differences in the precise definition of employees (U.S. Department of Commerce
or State of Alaska definition) in the available data used in the denominator.

The reasonableness of the square-footage-per-employee figure in the
Railbelt can also be evaluated by examining comparable figures for kWh/employee
and kwh/ft2 in Table 6.4, The 1979 national average energy use shown is 7303
kWh per employee. Regional averages range from 4468 kWh in the West to 9997 in
the North Central region. With California's moderate temperatures (low heating

(a) F. W. Dodge, a division of McGraw-Hill, Inc,, markets local historical
estimates of residential and nonresidential construction by building type,
from which estimates of historical building stock may be generated.
However, copyright restrictions on these data prevented their direct use
in RED model development unless they were purchased for use in the
project. Tests of the data base in other projects persuaded us that the
expense of purchasing the F. W. Dodge data set for use in RED Model
development was not justified.

6.9




TABLE 6.4. Comparisons of Square Feet, Employment, and Energy Use
in Commercial Buildings: Alaska and YU.S. Averages

£t2/EmpTloyee kWh/ Emp1 oyee KWh/ F2
EIA(a’b)
U.S. (1979) 531 7,303 13.75
NE 562 7.310 13.02
NC 751 3,997 13.31
S 476 7.358 15.45
W 364 4,468 12.27
A]aska(1978)(c)
Anchorage 375 7,851 20.9
Fairbanks 336 7,550 22.5
Climate Zone(a’g)
<2000 cootd) 7000+ Hople) 10.21
<2000 CDD 5.5-7000 HDD 13.02
<2000 CDD 4-5,500 HDD 11.16
<2000 CDD <4000 HDD 15.15
>2000 CDD <4000 HDD 16.80
paaE (1981)(f) 22

(range 5-65)

Power Council (1983)(9) |
Warehouse 16

Office 36
Hospital 45
8PA (1980) (M
Trade 891 Retail/Wholesale 18.16
Services 1,194 Office 7.75
Of fice 305 Warehouse 5.34
Health 24 .31

RED Alaska (1980) (1)

Anchorage 429 8,407 19.57
Fairbanks 360 7,496 20.80
EIA 1983.

U.S. Bureau of the Census 1980b,

Goldsmith and Huskey 1980b.

CDD = cooling degree days

HDD = heating degree days

Pacific Gas and Electric Co. 1981.

Northwest Power Planning Council 1983.

Bonneville Power Assocation 1982,

RED Model Run Case HE.6--FERC 0% Real Increase in Qil Prices (Employment
Alaska Department of Labor basis from MAP model).

N T T T g s e, B
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and low cooling load) in the West, and the large heating Toad in the North
Central, these figures are reasonable. Alaska's figures of 7851 and 7550 kWh
per employee are slightly higher than the national average, which follows,
given Alaska's hours of winter daylight and temperatures. No independent
utility survey-based estimate could be found.

The RED model (1980) predicts 8,407 and 7,496 kWh per business sector
employee in Anchorage and Fairbanks, respectively. The definition of employees
differs between the two estimates for the Railbelt, but a figure 10 to 15%
higher than the NC region for an area such as the Railbelt that has Tlarge
heating, Tighting (due to shortened days), and a reasonable cooling load is not

unacceptable.

The national average kilowatt-hour use per square foot in commercial
bujldings shown in the table is 13.75 kwh/ftz. The regional averages vary from
12.27 kWh/ft® in the West up to 15.45 kWh/ftZ in the South. Alaska's figures
are almost double the Western regional average. This reflects the relatively
high consumption per employee and low square footage per employee. First
assumptions might attribute this to the relatively high heating load, but a
comparison of regions by climate zone [that is, by heating-degree (HDD) and
cooling-degree-days (CDD)] does not support this hypothesis. Moving from the
coldest to the warmest climate, kwh/ft2 figures basically increase. Assuming
Alaska belongs to the coldest climate classification, Railbelt averages might
be expected to fall at the bottom end of the range. Also, the Railbelt commer-
cial building stock is pﬁedominant]y heated with gas or oil, which ought to put
the Railbelt at the bottom of the range, not the top.

An alternate explanation would examine the mix of commercial building
types within the regions. In all cases, warehouses are the least energy
intensive, while restaurants, grocery stores, and health facilities are
relatively energy intensive. Estimates by Pacific Gas and Electric (PG&E)
(1981) ranged from 5 to 65 kWh/ftZ, with an average of 22. A report prepared
for the Pacific Northwest Power Planning Council (1983) showed existing
commercial stock consumption at 16 kWh/ft2 in warehouses, 36 kwh/ft2 in
offices, and 45 kWh/ft2 in hospitals. BPA estimates (1982) show consumption in
warehcuses around 5.5 kwh/ftz, offices at around 8, retail facilities around
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18.25, and health facilities at 24.5 kwh/ftz. As shown in Table 6.3, non-
energy using commercial space has been eliminated to the extent possible in the
Railbelt figures. These figures suggest (as in the ftz/emp10yee case) that the
Alaska mix of commercial buildings may lean relatively more heavily toward more
energy-intensive space like offices, restaurants, and hospitals. In addition,
the Alaska consumption data include some industrial sector consumption and
therefore inflate the estimates of kwh/ftz.

Lack of data in the area of square feet of stock of commercial buildings
severely Timited the depth of these comparisons. The comparisons that were
performed are only as good as the data from which they were derived, which
varied considerably in quality. However, figures for square foot, energy, and
employee ratios estimated from available data suggest that estimates from the
RED model are fairly reasonabie, especially considering the level of
sophistication of the model and the quality of available data.

Given the problems reported below with a satisfactory statistical rela-
tionship for predicting floor space, a rather simplified approach to fore-
casting commercial floor space was used. This approach is that square footage
per employee will grow from its current low level to reach current Lower 48
values by the end of the forecast period, 2010. Although this is not a very
satisfying alternative, professional judgment suggests this to be more appro-
priate than the other options. It recognizes a direct relationship between
floor space and employment and permits fairly easy use of sensitivity analysis.

This simplified formulation is derived by assuming that floor space per
employee grows by 10% in Anchorage by the year 2010 and by 15% in Fairbanks.
This is a conservative assumption since best estimates put Anchorage growth in
stock per employee at about 11% for the 1970s, and Fairbanks' growth at 46%.
The year 2010 stock-per-employee estimates (U.S. Department of Commerce
definition of employment) would then be 412 square feet and 386 square feet per
employee in Anchorage and Fairbanks, respectively. This brackets the 1979 U.S.
western regional average. These growth rates are then applied to the 1980
estimates of Railbelt load center fioor space per employee (Alaska Department
of Labor empioyment definition). This provides commercial floorspace forecast
equations for the two cities as follows:
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Anchorage 429.5(1.0033)k x Employment
Fairbanks 360.4(1.0046)K x Employment

where k is the forecast period in years. The only change necessary for
forecasting was to convert the annual growth rates into five-year forecasts.
The coefficients are shown in Table 6.5.

TABLE 6.5. Business Floor Space Forecasting
Equation Parameters

Load Center Parameter Values
ai by

Anchorage 429.5 1.0033

Fairbanks 360.4 1.0046

Other Methods Tried

In previous versicns of the RED model, the parameters used to forecast the
annual change in floor space stock were extracted from work at Battelle-
Northwest for BPA. Staloff and Adams developed a theoretical and empirical
formulation of a stock-flow model for the demand and supply of floor
space.(a) Using three-stage least squares multiple regression, they estimated
their system of equations using pooled cross-section/time-series data for the
years 1971-1977 for the 48 contiquous states and tested the equation on Alaska
data, among other regions.

In their formulation, the percentage change in the stock of floor space is
a function of the changes in the following: the annual change of the nominal
interest rate, the annual percentage changes of the Gross National Product
(GNP) deflator, the annual percentage change in regional income, and the annual
percentage change in regional population, as well as some cross-product terms:

A/Stockn/ = B.AAT + 32 A/GNPDEFR‘/ + B3A/P0Pm/

1

* By A/INCiE/ + 285 Arz/GNPDEFl/ + (6.4)

(a) Sstaloff, S. J. and R. C. Adams. 1981 (Draft).
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256 ArE/POPu/ + 257 Ar‘/INCm/ + (6.4)
contd
288/GNPDEFE//INCiZ/ + 259/P0P12//IN012/

where

Stock = floor space stock
81-Bg = parameters
A = symbol for the first difference (annual change)
GNPDEF = gross national product price deflator
POP = population
INC = income
i = index for the region
% = index for the year
// = symbol for the annual percentage change
r = nominal interest.

"~ The Anchorage Consumer Price Index (CPI) was used as a proxy for the GNP
price deflators. It is assumed (as historically revealed) that the nominal
interest rate was approximately three percentage points above the measure of
inflation. A proxy for regional income was derived by multiplying regional
employment by the statewide average wage rate. Parameter values are shown for
equation 6.4 in Table 6.6. -

TABLE 6.6. Original RED Floor Space Equation Parameters

Parameter Coefficient Standard Error T-Statistic

B -0.1291 0.00345 -3.75
8o 1.2753 0.2566 -4,97
B3 0.3553 0.0302 11.76
Bg -0.113 0.0037 -3.04
fg 0.1929 0.0355 5.43
Bs -0.0947 0.0078 -12.09
B7 -0.0078 0.0008 -9.92
Bg -0.0116 0.0253 -0.46
Bg -0.0412 0.0061 -6.68
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Table 6.7 shows how well the stock-flow floor space relationship performed
in Anchorage and Fairbanks historically. Although the stock-flow equation
performs fairly well on backcast and could be used to predict stock of commer-
cial space for the historical period, in forecasts of future years it predicted
virtually no growth in square footage per employee in Fairbanks and vigorous
growth in building stock per employee in Anchorage. Since Fairbanks' actual
commercial stock per employee grew faster between 1974 and 1981 than Anchor-
age's stock per employee, this forecast result appeared incorrect. For fore-
casting purposes, the equation was replaced with a simpler formulation that
trended square footage per employee from existing levels in the Railbelt to
near the current western average.

TABLE 6.7. Predicted Versus Actual Stock of Commercia1-ng§t
Industrial-Government Floor Space, 1975-1981,
(million square feet)

Forecast Error Forecast Error
Anchorage as Percent of Fairbanks as Percent of
Year Predicted Actual (%) Predicted Actual (%)
1975 31.2 ~7.2 6.6 -3.8
1976 33.8 -9.3 7.2 -18.1
1977 37.0 ~-6.9 7.8 -23.0
1978 40.5 -2.4 8.2 -24.1
1979 42.3 ~1.1 9.4 -16.0
1980 43.8 -0.7 9.9 -13.3

1981 44.7 -0.4 10.4 -9.2

(a) Because of the double lag structure of equation 6.1, only 1975-1981
can be compared.

Source: Unpublished test results of Staloff and Adams (1981 Draft).

Several other equations estimated for related national commercial
buildings work at Battelle-Northwest were also applied to the Railbelt to
determine their ability to forecast floor space. The equations used were
estimated using pooled Lower 48 Standard Metropolitan Statistical Area (SMSA)
and non-SMSA level data. The magnitude of the units of the independent
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variables (primarily the population, employment, and construction activity
variables) was within an order of magnitude of those in Alaska. However, the
magnitude of population, employment, and construction activity in the Railbelt
is still small compared to those in the U.S. data used to estimate the equa-
tions. This may partly explain why building stock equations estimated with
Lower 48 data do not perform well when applied to Alaska.

Annual additions to commercial floor space were estimated with several
linear, logrithmic, and difference forms as a function of the following:
e lagged commercial building stock additions
o AAA bond rate in two forms--current and first differences
e population, both lagged and first difference
e employment, both Tagged and first difference
e income, both lTagged and first difference.

The equations "fit" the data on which they were estimated reasonably well,
with R-square values generally above 0.9 and significant t-values on all
coefficients. However, the equations did not perform well when applied to the
two Alaska Tocations. All of the equations, in fact, produced negative levels
of construction in forecasts. As mentioned above, this may be partly due to
the magnitude of the units of the independent variables in relation to those
used to estimate the equations. More importantly, the special behavior of the
Alaskan economy may not be adequately described by equations estimated using
data from the Lower 48 states.

Business Electricity Usage Parameters

These parameters were estimated with regression analysis. Using predicted
historical floor space shown in Table 6.7(3) and using historical commercial-
light industrial-government electricity consumption, the following regression

equations were estimated:

(a)Copyright restrictions precluded the combining of "actual" data--that is,
estimated construction based on FW Dodge construction data and 1978 building
stock estimate produced by ISER. Predictions of historical floor space were
done with equation 6.4.

6.16

[-ciad



il

(=

where
CON = historical business sector consumption {Muh)
BETA = intercept
BBETA = regression coefficient
STOCK = predicted stock of floor space, hundreds of square feet

e = stochastic error term,

Table 6.8 presents the results of the regression ana1ysis.(a) The
parameters BBETA are allowed to vary within a normal distribution, truncated at
the 95% confidence intervals in Anchorage and 90% in Fairbanks..

TABLE 6.8. Business Consumption Equation Results

Anchorage Fairbanks

BETA -4,7963 -0,9611
standard error 0.6280 3.6314
t-statistic -7.6368 -0.2647

BBETA 1.4288 1.1703
standard error 0.0491 0.3293
t-statistic 29,1159 3.5538

GAMMA 0.1629
standard error - 0.0535
t-statistic -- 3.0444

THETA -0.0028
standard error -- - 0.0024
t-statistic - -1.1547
R 2 0.9906 0.9121

The estimating equation (equation 6.5) was modified with dunmy variables
for Fairbanks to capture and remove the effects of a rising trend in Fairbanks
electricity prices after 1974 and the effects of the pipeline boom on consump-
tion from 1975 to 1977. The regression equation estimated for Fairbanks is as
follows:

{a) Regression intercept was adjusted to calibrate consumption in the business
sector to its actual 1980 value for forecasting purposes.
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1n(CON,) = BETA + BBETA x 1n(STOCKy) + GAMMA x V
+ THETA x DT + € (6.6)

with CON¢, BETA, BBETA, and e defined as above and where
' D = Dummy variable (1974 through 1981 = 1)
V = Dummy variable (1975 through 1977 = 1)
T = Time index for T =1, ..., 9. (1973 through 1981)
GAMMA, THETA

regression coefficients.
The dummy variables were held at zero in forecasting.

The historical electricity consumption data were obtained from FERC Form
12s for the Railbelt utilities (supplied by ISER) and from Alaska Power
Administration. These data 1ump together commercial and industrial sales by
size of demand and there is no reliable way to disaggregate these two types of
consumers. This is felt to be a significant shortcoming of the data series.
Commercial and industrial loads should be separated because the typical
characteristics of industrial demand for electricity are different from the
demands of commercial and government users. Part of past Railbelt industrial
load identified by subtracting commercial consumption for users over 50 KVa
from the Homer Electric Association (HEA) service area load and assuming this
1oad was mainly industrial.(2) Historical loads are shown in Section 13.0.

Historical electrical consumption per square foot of estimated commercial
floor space and per employee, and estimated floor space per employee are
displayed in Table 6.9. The consumption per estimated square foot in Anchorage
shows a 2.0% annual increase for the period, while Fairbanks shows an annual
decrease of 3.1%. The actual cause of this decrease in Fairbanks is unknown,
but may be due to declines in space heating, or to priced-induced conservation,
or to growth in warehouses as a proportion of commercial stock. The floor
space is low at the beginning of the period on a per-employee basis relative to
Anchorage (as well as other known estimates) but then increases at a faster

(a) The major industrial users in HEA's service area include Union 011,
Phillips Petroleum, Chevron U.S.A., Tesoro-Alaskan Petroleum Corp., and
Collier Chemical. Other large commercial (non-industrial) users are
included in HEA's over-50 KVa figures, but could not be separated.
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TABLE 6.9. Electricity Consumption Per Employee and Square Foot and
——' Square Footage Per Employee for Greater Anchorage and
Fairbanks, 1974-1981

kwh/ft2 kWh/Employee ftZ/Employee
Year  Anchorage  Fairbanks  Anchorage  Fairbanks  Anchorage Fairbanks
1973 19.9 27.7 6612 6631 332.6 217.8
1974 19.5 26.8 6414 5399 329.8 201.1
1975 21.1 31.7 6341 5368 300.0 169.1
1976 22.8 30.5 7044 5641 309.1 185.2
1977 22.9 30.8 7445 6922 325.5 224.1
1978 21.9 29.6 7847 7550 359.1 255.1
1979 20.8 23.5 7663 6858 369.2 292.4
1980 22.9 21.7 8644 6913 377 .6 318.3
1981  23.3 21.5 nala) NA NA NA

(a) Not applicable.

rate. Once the floor space per employee estimates for Fairbanks reach similar
levels to those in Anchorage, the kwh/ft2 figures for Fairbanks appear to
stabilize.

The energy consumption per employee figures show increases over time of
3.4% and 0.5% annually for Anchorage and Fairbanks, reSpective1y.(a) These two
series show some instability with slight decreases in 1975 and 1979. The
growth rates are too high, too unstable, and too disparate for long-term appli-
cation, reflecting a period of extreme growth within the state. With more
disaggregated data, employment may prove to be a suitable argument for
jndustrial electricity consumption. However, with a rather limited Railbelt
industrial sector, forecasts of industrial demand are better handled on a
scenario building basis; i.e., identify industry expansion plans case by case.

Several regression equations were estimated in an attempt to develop a
theoretically satisfying relationship to predict electricity consumption

(a) No data are available on consumption of electricity by SIC industry
code. Multiple regression techniques proved unsuccessful in determining
the separate effects of each subsector's employment on commercial demand,
due to high colinearity among explanatory variables.
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separately in the commercial, 1light industrial, and government sectors. All
failed most normal statistical tests. The aggregate nature of the electricity
consumption data and employment data, the rather high trend exhibited for per-
employee consumption, and the 1Timited data series prevented statistical
estimates of consumption on a per-employee basis. MNo further attempt was made
to estimate a statistical relationship between electricity consumption and
employment.

Business Price Adjustment Parameters

The parameters used in the price adjustment mechanism are an important
part of the business electricity forecasting mechanism. As in the Residential
Consumption Module, the parameter default values and ranges were picked from
Mount, Chapman, and Tyrell (1973). Chapter 7.0 discusses these parameters and

their use in the price adjustment mechanism.
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7.0 PRICE ELASTICITY

This section describes the price adjustment mechanism employed in the RED
model. In both the Residential and Business Modules, this mechanism modifies
preliminary estimates of electricity consumption generated elsewhere in the
model. Changes in consumption are made to account for changes over time in
electricity, natural gas, and oil prices. The changes in electrical consump-
tion computed by the price adjustment mechanism can be considered price-induced
conservation of e1ectr1city.(a) Qutputs from the price adjustment mechanism
are the final RED electricity consumption estimates for each sector, region,

and time period.

The remainder of this section is divided into four parts. A brief general
introduction to the RED price adjustment mechanism is given in the next sub-
section. This is followed by a survey of economic literature on electricity
demand. In the third part, the structure and parameters selected for the RED
price adjustment mechanism are discussed., Implementation of the selected
structure and parameters is described in the final subsection.

THE RED PRICE ADJUSTMENT MECHANISM

The RED price adjustment mechanism is motivated by economic theory, which
hypothesizes the following: consumption of any commodity is determined both by
"scale" variables such as population, income, and employment, as well by the
prices of the particular commodity, its substitutes, and its complements.
Elsewhere in the RED model, preliminary estimates of electricity consumption
are generated, with consideration only of "scale" variables. The price adjust-
ment mechanism described in this section completes the analysis of consumption

determinants suggested by economic theory.

The mechanism works in the following manner. Preliminary, non-price
adjusted estimates of electricity consumption by region, sector, and time

(a) Of course, with falling electricity prices or increases in gas and oil
prices, the price adjustments could result in increased electricity
consumption or “negative conservation" of electricity. The price
adjustments include fuel switching.
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period are introduced into the model. These preliminary estimates were
generated under the assumption that 1980 price levels are maintained through
the year 2010.

The price adjustment mechanism accounts for the fact that prices in any
forecast periocd K are not necessarily the same as prices in 1980, even in real
(inflation-adjusted) terms. If real electricity prices increase (decrease) in
any region and sector between 1980 and period K, economic theory suggests that
electricity consumption in that region and sector would decrease (increase)
relative to its non-price-adjusted preliminary estimate. Conversely, if real
natural gas or oil prices increase (decrease) in any region and sector between
1980 and period K, electricity consumption in that region and sector would
increase {decrease) relative to its non-price-adjusted preliminary estimate
because natural gas and oil are substitutes for electricity. Thus, the RED
price adjustment mechanism scales preliminary estimates of electricity
consumption upward or downward based on changes in real electricity, natural
gas, and oil prices.

The amount by which preliminary period K consumption is scaled upward or
downward depends on three general factors: 1) the percentage change in real
electricity, natural gas, and oil between forecast period K-1 and forecast
period K, as well as price changes occurring prior to period K-1; 2) the short-
run elasticities of electricity demand with respect to the three prices; and
3) the speed with which final consumers of electricity move toward their long-
run equilibrium consumption Tevels when these prices change, which is
represented by a "lagged adjustment coefficient", or alternatively, the long-
run demand elasticity. Short-run elasticities of demand are defined as the
percentage change in consumption in year t caused by a one percent increase in
price in year t. Own-price elasticities refer to changes in electricity
consumption caused by changes in electricity prices; cross-price elasticities
refer to changes in electricity consumption associated with changes in either
natural gas or oil prices. Short-run elasticities represent the instantaneous
adjustment that consumers make when prices change. Of course, in the case of
electricity, a significant period of time may pass before consumers have fully
responded to a price change in year t: time is required to change old habits,
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to replace old appliances with more energy-efficient ones, to weatherize
residences or commercial/industrial buildings, and to switch to other energy
sources. The Tagged adjustment coefficient represents the rate at which
consumers move toward their final equilibrium consumption level; the higher
this coefficient, the more current consumption depends on past consumption, and
thus the slower consumers respond to current price changes. In fact, simple
algebra can show that the long-run demand elasticity (either own- or cross-
price), which is defined as the percentage change in electricity consumption in
year t + « caused by a one percent change in price in year t, can be defined in
terms of the lagged adjustment coefficient and the éhort run elasticity. The
formula for the long-run elasticity ELR is given by

ELR = 222 (7.1)
where ESR is the short-run elasticity and A is the lagged adjustment
coefficient.

Alternatively, a set of long-run price elasticities can be entered into
the mechanism. These elasticities describe the change in consumption caused by

- a price change once the consumer has reached a point of equilibrium with that

price change.

LITERATURE SURVEY

Since the "energy crises" of the early 1970s, an extensive economic/
econometric literature on the demand for energy, and electricity in particular,
has been generated. A survey of this literature was performed with two primary
objectives: first, to identify possible structures of the RED price adjustment
mechanism; second, given the structure, to identify potential parameter values
for the mechanism. These objectives center around the concepts of elasticity
and adjustment coefficients. In performing the survey, the objectives led to
the following questions.

o Should the RED Residential and Business Sectors be combined or
modeled separately?
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& Should the own-price elasticity be a constant or a function that
depends on the price level?

® Should both natural gas and oil cross-price elasticities be included
in the mechanism and should these elasticities be constant or vary
by the price levels of the two fuels?

& Should the relationship between short-run and long-run price elas-
ticities (both own- and cross-) be modeled explicitly by including
lagged adjustment coefficient in the mechanism, or should the two
types of elasticities be included in the mechanism separately?

o Once the structure is selected, what are the most appropriate values
for the parameters of the mechanism?

A1l of the studies surveyed were econometric in nature, in which electri-
city demand functions were estimated using statistical techniques. A variety
of data bases was used in these studies, and the fuctional forms, independent
variables, and estimation techniques employed varied substantially as well.
A11 but a few of the studies modeled residential, commercial, and industrial
electricity demand separately; in many studies, only one of these sectors was
considered. Many of the studies estimate price elasticities that do not vary
according to price levels; this is accomplished by regressing the natural
Togarithm of consumption on the natural logarithms of the prices and other
independent variables. The coefficients of the price terms can then be
interpreted as elasticities. Non-constant elasticities were estimated in a few
studies, using a variety of functional forms. One method of estimating
variable price elasticities is to regress the natural logarithm of quantity on
the natural logarithms of the prices, the natural logarithms of the other
independent variables, and the reciprocals of the prices:

log Q =a + b log P +++ ¢ 1/P +++ (7.2)
where "1og" denotes natural logarithm, Q is consumption of electricity and P
its price, a,b,c are parameters to be estimated, and "+++" denotes the other

price and independent variables in the equation. In this specification, the
own-price elasticity is equal to b - ¢/p, which depends on P.
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Several studies include only natural gas as a substitute for electricity,
a smaller number include only o0il, and some studies include both. The substi-
tute commodities included in an equation depend on the intentions of the
researcher and the type of data used: neither 0il nor natural gas prices
typically vary much in cross-sectional samples, so their effects on electricity
consumption are difficult to discern when using this type of data.

- Finally, the type of elasticity estimated (short-run, Tong-run, both)
varies across the studies survey. In studies using time-series data, thé
coefficients on prices and the other independent variables are typically inter-
preted as short-run elasticities. An exception to this occurs when 1lagged
consumption is included as an independent variable in the estimation equation;
then, the coefficients in the prices represent short-run elasticities, and the
long-run elasticity is given by equation 7.1 with A the coefficient on lagged
consumption. In equations estimated using cross-sectional samples, the
coefficients are typically interpreted as long-run elasticities. Pooled time-
series -- cross-section samples pose a bit more of a problem; the estimated
coefficients contain both long-run and short-run effects. However, when lagged
consumption is included as an explanatory variable, the price coefficients
again represent short-run elasticities and Tong-run elasticities are again
given by equation 7.1.

Table 7.1 summarizes the econometric studies of residential electricity
demand surveyed. For each study, the type of elasticity estimated {constant,
variable), the time period for which it is relevant (short-run, long-run,
both), and the type of data used (cross-section, time-series, pooled cross-
section -- time-series) are presented. Also shown are the substitutes' prices
and non-price factors considered in each study. The own- and cross-price
elasticities estimated in each study are presented in Table 7.2. For those
studies in which lagged consumption was included in the equation, its coef-
ficient, the lagged adjustment coefficient, is also presented.

Estimates of the short-run own-price elasticity vary considerably. In
absolute values, the minimum estimate is 0.101, while the maximum is 0.3. Many
of these differences can be attributed to the data used in the estimation;
estimates based on national data would be expected to differ from estimates for
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jndividual states, and estimates for more recent periods would be expected to
differ from older estimates. The functional forms used and the set of indepen-
dent variables considered also appear to play a role. However, in neither case
does a clear relationship appear.

The long-run own-price elasticities display even greater variation,
largely because two methods of estimating these elasticities exist: 1) using a

_ cross-sectional sample, or 2) using a time-series or a pooled sample and

including a lagged endogenous variable. For the studies surveyed, the second
approach generally leads to larger (in absolute values) estimates of the long-
run own-price elasticity.

As expected, in studies in which both long- and short-run elasticities are
estimated, the long-run elasticity is larger in magnitude than the short-run
elasticity. The relationship reflects the fact that consumers can manage only
a limited response to price changes in the short run, when their housing and
appliance stocks are fixed, but respond more fully over time when these stocks
can be varied.

Estimates of the Tagged adjustment coefficient do not vary as-much as the
other parameters; most estimates are about .85. 0il and natural gas price
elasticities vary much less than the other parameters of 1ntere$t, but quite a
Tot relative to their magnitudes and are considerably smaller than the own-
price elasticities.

Most of the 1iterature surveyed considered commercial and industrial elec-
tricity demand separately. Industrial demand elasticities are typically larger
than those in the commercial sector because of the large amounts of electricity
used for purposes in which oil, natural gas, and coal serve as very good subs-
titutes., In the commercial sector, most electricity consumption is for light-
ing and cooling, uses in which fuel-switching is not as easy.

The RED Business sector is a combination of industrial and commercial
sectors. Most business concerns in the Railbelt, however, are commercial or
light industrial. Therefore, the industrial electricity demand elasticities
were deemed inappropriate to the Railbelt, and only the commercial electricity
demand literature was surveyed.
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Only two studies that deal explicitly with the commercial sector were
found. These two studies are summarized in Tables 7.3 and 7.4, which parallel
Tables 7.1 and 7.2. Even among these two studies the estimated price elasti-
cities vary considerably; the two short-run own-price elasticities are -.03 and
-.29. The cross-price elasticities again vary considerably less, and are much

smaller in magnitude than the own-price elasticities.

For both the residential and commercial sectors, the hypothesis that own-
price elasticities are constant was statistically tested and rejected by Mount,
Chapman, and Tyrrell (1973) (MCT). In that study, own-price elasticities were
found to increase in magnitude as the level of electricity prices increased.
Thus, the absolute value of the own-price elasticity of electricity demand is
higher in regions with high electricity prices than in areas with lower elec-
tricity prices and increases (decreases) over time as the real electricity
price increases (decreases) over time. In both sectors, oil and natural gas
were each found to significantly affect electricity consumption, and long=run
elasticities were found to be larger than short-run elasticities. However, the
parameter estimates do vary according to sector; Mount, Chapman, and Tyrrell,
who estimated models for both sectors, found significantly greater price
responsiveness in the short run and long run in the commercial (Business)
sector, with approximately equal lagged adjustment coefficients.

SELECTION OF RED PRICE ADJUSTMENT MECHANISM STRUCTURE AND PARAMETERS

On the basis of the literature surveyed in the previous section and consi-
deration of the non-price modules of the RED model, the RED price adjustment

mechanism was specified in the following manner.

Sector Division

Separate price adjustment mechanisms are used for the two end-use sectors.
In the only study surveyed in which both sectors were considered, MCT found
that the electricity demand elasticities for the two sectors were considerably
different. Thus, specifying a single mechanism to be applied to both sectors
would Tead to biased estimates of the price adjustments in each sector. How-
ever, each of the two mechanisms has the same structure; only the parameters
and the price changes considered differ.
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TABLE 7.4, Commercial Survey Parameter Estimates

Sort-Rin  Long-Run Lagged Gas 0il
Own Price  Owm Price  Adjustment Cross-price Cross-price
Author Flasticity FElasticity Goefficient {A) Elasticity Flasticity
Bierlein, et. al. (1981)  -0.03 -0.37 0.9167 0.045, 0.48L -0,095, -1.09L
Munt, et. al. (1973) -0.29 -1.36 08724 0.015, 0.08 -

Variable Elasticity

The own-price elasticity in each sector is not constant, but varies with
the level of the real electricity price. In the only study surveyed in which
variable elasticities were estimated, MCT rejected the hypothesis that own-
price elasticities were constant. Furthermore, a considerable amount of
variation was found in the estimated own-price elasticities during the litera-
ture survey., This variation could be caused in part by variations in the
estimating samples' price levels.

These factors would be unimportant if the Tevel of electricity prices in
the Railbelt region were fairly similar to the mean level of prices used in
estimating the constant elasticity equations, if the levels of electricity
prices within the Railbelt were uniform, and if real electricity prices in the
Railbelt were not expected to change during the forecast period. In such a
case, the estimate from a constant-elasticity model might provide a reasonable
approximation to the true elasticity in the Railbelt. Even if the true
elasticity were variable, when evaluated at the mean level of prices, it would
be similar to a constant elasticity estimated with the same data. Unfortu-
nately, none of these conditions hold; the average level of Railbelt electri-
city prices in 1980 was significantly below U.S. average electricity price;
within the Railbelt, the level of Anchorage electricity prices was less than
half the Tevel of Fairbanks prices in 1980; and in several of the RED price
scenarios, electricity prices increase rapidly enocugh that by the year 2000
they are 50 to 100% higher in real terms than they were in 1980,

Adjustment Over Time

Long-term price elasticities are not entered explicitly into the mecha-
nism; instead, short-run elasticities and a lagged adjustment coefficient are

7.12
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employed. Thus, long-term elasticities appear explicitly in the mechanism via
the relationship given above. This choice was made for three reasons. First,
the explicit short-run elasticities are consistent with the implicit long-run
elasticities; that is, the elasticity estimates can be taken from the same
study, estimated with a lagged adjustment coefficient. If the long-run
elasticity were entered explicitly, it could not be taken from the same study
as the short-run elasticity because it is impossible to obtain both elasti-
cities from one equation except via the lagged adjustment coefficient. Second,
since the ‘lTagged adjustment coefficient did not vary much across the studies,
whereas the 1ong;run elasticities did, choosing a value for A was more
straightforward. Third, and most importantly, by including the lagged adjust-
ment coefficient the impact of price changes in year t on consumption in year t
+1, t +2, eee, T + 10 can be assessed directly; because t + 1, ... t + 10 is
neither the short-run nor the long-run, with only the two sets of elasticities
and no lagged adjustment coefficient these impacts cannot be directly measured,
but only crudely guessed. This is particularly important in RED because it
forecasts electricity consumption at five-year intervals; price changes in the
first-year of the five-year period obviously have neither a long-run nor short-
run impact on consumption in the fifth year of the period, but an intermediate
impact.

Cross Price Elasticities

Short- and long-run natural gas and ojl cross-price elasticities are
included in the mechanism. In several of the studies surveyed, one ar the
other fuel was found to be a substitute for electricity, although due to data
limitations they were only considered simultaneously in a handful of studies.
Thus, the effect of 0il and gas price changes on electricity consumption,
although small in relation to the effect of electricity prices, cannot be
ignored. It is important to include these prices in the RED price adjustement
mechanism for the following reasons. Much of the own-price elasticity of
electricity demand can be attributed to "fuel switching." As real electricity
prices increase, some households and businesses will, the mechanism predicts,
"switch" from electricity to natural gas or oil for heating and other energy
uses. However, if real oil and gas prices are also increasing, the extent of
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this fuel switching will be diminished. The cross-price elasticities are
employed in RED to account for this. One would think that the amount by which
this fuel switching is diminished because of rising gas and oil prices would be
a function of the level of 0il and gas prices; in other words, that these
cross-price elasticities are not constant with respect to their corresponding
prices. Unfortunately, none of the studies surveyed employed variable cross-
price elasticity models; thus, the cross-price elasticities in each of the two
price mechanisms are constant.

Parameter Estimates

The parameter estimates for each of the two price adjustment mechanisms
were taken from the study by Mount, Chapman, Tyrrell (1973). 0il cross-price
elasticities, which were not estimated in the MCT study, were based on profes-
sional judgment and values taken from the literature survey. The parameter
values used in RED are presented in Table 7.5. The MCT parameter values were
used in RED for two reasons. First, their models were most consistent with the
structure selected for the RED price adjustment mechanisms; there are separate
equations for the residential and business sectors, variable own-price elasti-
cities are employed, lagged adjustment coefficients are estimated,.and a cross-
price elasticity {gas) is included. Second, the elasticities estimated by MCT,
when evaluated at 1980 Anchorage and Fairbanks prices {in real 1970 dollars, as
in MCT), appear reasonable. In the residential sector, calculated short-run
elasticities were -.1462 in Anchorage and -.1507 in Fairbanks; calculated

TABLE 7.5. Parameter Values in RED Price Adjustment Mechanism

Residential Business
Short-Run Elasticities Sector Sector
Own-Price -.1552 + .3304/p(®) -.2925 + 2.4014/p(3)
Natural Gas 0225 .0082
0i1 .01 .01
Lagged Adjustment 8837 8724

(a) Measured in mills per KWH, 1970 dollars.
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lTong-run elasticities were -1.2571 and -1.296, respectively. The short-run
elasticities are slightly below the average of the estimates presented in
Table 7.2; since average prices are rather low in the Railbelt, this result is
satisfactory. The long-run elasticities are slightly above the average of the
studies surveyed, since the MCT lagged adjustment coefficient is at the high
end of the range of those surveyed. This is satisfactory for the Railbelt
because electricity comprises a large share of consumers' budgets due to the
climate and winter hours of darkness and because in the past residents of the
area have been conservation-minded. The business sector short—run’own-price
elasticities evaluated at 1980 prices are -.2270 in Anchorage and -.2600 in
Fairbanks, and the respective Tong-run elasticities are -1.7788 and -2.0378.
The short-run estimates are a 1ittle below the average MCT calculated, due to
below-zverage Railbelt prices, and the lTong-run elasticities are at the high
end of the range found in the survey.

DERIVATION OF RED PRICE-ADJUSTMENT MECHANISM EQUATIONS

The final outputs from the RED price adjustment mechanism are price-
adjusted consumption of electricity for each sector, region, and time period,
denoted RESCON;, and BUSCON;,. Each of these is equal to preliminary estimates
of consumption, denoted RESPRE;y and PRECON;y, multiplied by a series of price
adjustment factors:

RESCON-‘K = RESPREiK « (1 + OPA'IKZ) « (1 + PPA'iKl) + (1 + GPA1K2) (7.3)
BUSCON.‘-K = PRECON."K « (1 + OPAH(E) « (1 + PPA'iKZ) - (1 + GPATKZ) (7 .4)

where

i = region index
K = time period index
4 = sector index (=1 residential, = 2 business)
OPA = own-price adjustment factor
PPA = 011 (petroleum)-price adjustment factor
GPA = gas-price adjustment factor and denotes multiplication.
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Thus, final consumption in a sector is equal to preliminary, non-price
adjusted consumption scaled upward or downward depending on the signs and mag-
nitudes of the three corresponding adjustment factors. These factors combine
information on price changes in periods K, K-1,., own- and cross-price elasti-
cities in periods K, K-1, ..., and lagged adjustment coefficients in the fol-
lowing manner. First, denoting electricity, oil, and natural gas prices by
PEjke s POiKzs and PGikg » (define the five-year percentage change in prices):

PCPEky = (PEikg = PEj ko1,0)/PEj k-1, (7.5)
. PCPO'iKE. = (P01K£ - PO.‘ ,K-l,l)/POi ,K-l,g. (706)
PCPGiyy = (PGigg - PGy x.1,¢) /PG ko190, (7.7)

Then calculate the average annual percentage change in price during the

five-year period:

PCPEA; kg = (1 + PCPE;y, )¥*.2 - 1 - (7.8)
PCPOA;k, = (1 + PCPO4q)**.2 - 1 (7.9)
PCPGA;k, = (1 + PCPG4y,)**.2 = 1 (7.10)

where "**" denotes exponentiation. Thus, during each of the years between K-1
and K, prices increase an average of 100 - PCPEA; kg » and 100 - PCPOAiKz, and
100 « PCPGA;¢, percent.

The impact of a change in the price of electricity in tne first year of
the five-year period on consumption in the fifth year of the period can be
analyzed in steps. First, the impact of the price change on consumption in the
first year (denoted t) is given by

%AQ-itz = ESR-itz hd %Ap.itz (7-11)
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where %A denotes percentage change, Qt is consumption in year t, sector g,
region i, Pjyy 1s the price, and ESR;¢y s the short-run own-price of
electricity. Equation 7.9 states that consumption in year t falls (increases)
in percentage terms by an amount equal to the price increase (decrease) scaled
by the own-price elasticity (which is negative). The effect of the price
change in year t on consumption in year t + 1 is the sum of two components.
First, Tagged consumption has fallen by %AQitz’ so this period's consumption
falls by A%AQ;j¢g. Second, the price change which occurred in year t persists
(the price did not go back to its year t-1 level) so consumption in year t + 1
falls by ESRi’t+1’2 * #APjtg. Thus, the change in year t + 1 consumption of
electricity caused by a price change in year t is given by

BQi a1, T ARG gy *ESRy £41 g 0 BPiy (7.12)

(A ESR'ItZ + ESR1 ,t+1,2) * %APTUL (7.13)

Similarly, the change in year t + 2 consumption is equal to the sum of two
components:

W0, 42,0 T AR t41,p *ESRy t4py ¢ WPy (7.14)

(AZESR; gy + AESRy yh1-g * ESR; tap ) + #APIt2 (7.15)

This process can be carried out to year t + 4, the final year of the
five-year period:

4 3

%AQT,t+4,2 = Py, * {x ESR.yy + 2 ESRi,t+1,2 (7.16)
+ 22 ESR + A ESR
i,t+2,0 i,t+3.8
*ESR; t44,9)
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which gives the percentage change in year t + 4 consumption resulting from the
price change %APj4p in year t. Similar price changes occur in year
t+1 (%Api,t+1,2)’ t+2 (%APi’t+2’2), t+3 (%APi’t+3’2), and

t +4 (%APi t+d 2), with equal percentage price changes assumed during each of

the five years. That is:

YAP.. = %AP, = %AP = %4P = %AP (7.17)

ite i,t+l,0 = PCPEA;

i, t+2,2 i, t+3,2 i,t+4,2 k&

The impact of these individual price changes on consumption. in year t + 4
can be derived in a manner similar to that used to obtain equatibn 7.16. The
sum of the impacts of the five annual price changes is given by equation 7.18:

4
%Aqi,t+4,l = PCPEA, * (X ESRi4y (7.18)

3 2
#27 ESRy yyg o+ BT ESRy o

FOLESR) pa3,p * O ESRi,t+4,2>

Equation 7.18 accounts for price changes which occur between period K-1
and K; price changes which occurred before K-1 also influence consumption in
period K, just as price changes in period t affect consumption in, for example,
period t + 9:

) 9 8
Qi trgq T WPy p g (W ESRiyy +ATESRy 44y (7.19)
b A5 ESR +2% ES
.o it 0 i,t+5,0
L NESRy g Y ESRY g )

The combined total impact of the five annual price changes in t, t+l, t+2,
t+3, t+4, on consumption in period t+9 (period K+1) is given by

7.18
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%AQ ‘15%AQ1 (7.20)

i,t+9,2 ,t+4,%

4 3
+ PCPEAikz (A ESRi,t+5,z + 2X ESRi,t+6,2

2

+ 3x" ESR + 4x ESR;

i,t+7,2 i,t+8,8

* 5ESR1,t+9,i)

Extending this analysis forward, combining terms, and rearranging, one
obtains the percentage change in any five-year period K as a function of
average annual price changes between K-1 and K, K-2 and K-1, etc:

3
K
+ 21 PCPEAimg
3

. (}4 ESRy k1,0 ¥ 22 ESRy ko

Wy = A BAQ g, (7.21)

N ESR, + 4% ESR.

K3,L iKé,L

*5 ESRi,KS,;)

Where the subscripts K1,,,K5 denote, respectively, the first year in the period
between K-1 and K, the second year in the period between K-1 and K, etc., The
summation over past price changes takes into account that these price changes
persist: that once prices have increased, the increase and its effects are
permanent, until and unless future price decreases offset them.

Equation 7.17 defines OPA; | , as the percentage adjustment to electricity
’ I’
consumption which must be made because of real electricity price changes.
Restated,
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OPA.. = A2 QPA.

iKe i,K-1,2

3 2 ESR
+ A ESR1’K2,2 + X

+ A ESRi + ESR,

,K4,2 i,K5,¢

X
+ ( Il PCPEAiml) | At ESR; 41 g

1,K3,2

(7.22)

Similarly, price adjustment factors for oil and natural gas price changes can

be derived, with one simplification - the oil and gas cross-price elasticities

are constant. Thus,

-
PPAI. =2 PPAy k1,0
K
+ 21 PCPOAimz . OSR2
et el nl a4 s
GPA. . = A° GPA
ike iK-1,2

[ x
+k ] POPEA 4me) . asR

m=1 2

4 3

« AT+ 2 +3)L2

+ 4\ +5)

(7.23)

(7.24)

where OSR, is the short-run oil cross-price elasticity in sector & and GSR, is

the short-run gas cross-price elasticity in sector %.
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Al1 that remains is to attach values to ESRi’stl. In the MCT study,
short-run elasticities are defined by

E.p = a = b/P. (7.25)

SR
Implementation of this requires calculating the average elasticity for a given
year KJj, so that

ESR = A, - .5 B£/P

i,k3,0 " M (7.26)

i,Kj-1,8
- 05 Bl/Pi,Kj,Z

where Pi,Kj-l,l is the price at the end of the year before Kj, and Pi,Kj,l is
the price at the end of year Kj.

7.21



HS
SHU
NU

Yi

Pi
MT
LT
mpe
fce

ddh
ddc

HT

GLOSSARY OF SYMBOLS

income per household

average family size

single detached housing units (fraction of total)
nonurban housing units (fraction of total)

mean December temperature

mean July temperature

income per capita (67 dollars)

population density

energy price index relative to CPI (dollars per Btu)
average temperature of warmest three months of year (°F)
average temperature of coldest three months of year (°F)
marginal price of electricity

fixed charge for electricity

total personal income

heating degree days

cooling degree days

number of residential customers

marginal price of electricity

per capita personal income

average July temperature

heating degree days

population per square mile

percent rural population

percent of housing units in single-unit structures
number of housing units per capita

average real price of residential electricity, in cents per kwh
average real income per capita, in thousands of dollars
index of real wholesale prices of selected electric appliances
percentage of population 1iving in rural areas
percentage of housing units in multiunit structures
average size of households

time

stock of occupied housing units
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average size of housing units

the fraction of households with a particular type of equipment
thermal performance of housing units

average annual energy use for the type of equipment

usage factor

lagged personal consumption expenditure for electricity per capita
in 1958 dollars.

total personal consumption expenditure per capita in 1958 dollars
implicit deflator for electricity/implicit deflator for PCE (1958=100)
value of retail sales

average deflated price per KWH of electricity

= lagged per capita fuel consumption

income per capita

population

price of electricity (mills per KWwH)
Tagged demand in millions of KWH.
long run
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8.0 THE PROGRAM-INDUCED CONSERVATION MODULE

The purpose of the Program-Induced Conservation Module is to account for
the electricity savings that can be obtained with a given set of consumer-
installed conservation technologies and government policies, together with the
associated costs of these savings. The peak demand or capacity savings of the
technologies set are calculated in the Peak Demand Module.

The module forecasts only those portions of conservation that are not
market- or price-induced. The module was developed as part of Battelle-
Northwest's Alaska Railbelt Electric Power A]ternatives Study in 1981 and was
designed as a tool to enable the State of Alaska to analyze the impact of
potential large-scale conservation programs. The future of such programs in
Alaska is in doubt {Tillman 1983) and the data on the savings and costs of
existing programs are uncertain. The Program-Induced Conservation Module was
not used in the 1983 updated forecasts, but a description of the module is
given below.

MECHANISM

The fuel price adjustments in the Residential Consumption and Business
Consumption Modules account for market-induced technology-related conservation
impacts, as well as reductions in appliances use and changes in the way in
which they are used. The Program-Induced Conservation Module analyzes
government attempts to intervene in the marketplace to induce conservation via
loan programs, grants, or other policy actions. The module accounts for the
effects of this program-induced conservation on demands for electric energy and
generating capacity.

RED separates conserved energy into two parts: energy saved from the
actions of residential consumers and energy saved from reduced energy use in
the business and government sectors. Figure 8.1 provides a flow chart of the
process employed.

A separate, interactive program developed with RED (CONSER) is called by
RED to prepare a conservation data file. This file contains information on the
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FIGURE 8.1. RED Program-Induced Conservation Module
costs, energy savings, and the level of market acceptance of various consumer-

installed conservation options. For the residential sector, CONSER queries the
user for the technical parameters of each option (up to ten options may be
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included). Based on a user-supplied forecast’of electricity prices and the
costs associated with each option, CONSER calculates the internal rate of
return on each technology. The user compares this rate to a bank passbook
savings rate as a very loose minimum test of acceptability. If the user
decides, based on this comparison, that the option should be included in the
analysis, CONSER calculates the payback period for each option. CONSER then
writes the default values and range of values for the option's market -
saturation rate to an output data file. The user is then queried for the
market saturation of electricity in the use that the conservation option
offsets {e.g., electric water heating). This market saturation is also written
to the output data file.

Government residential conservation programs primarily reduce the
effective purchase price of conservation aptions to the cansumer. Therefore,
CONSER next requests the user's estimate of consumer purchase and installation
costs for each option with and without government subsidization. The
saturation of each technology with and without subsidization is calculated and
is written to the output data file. |

For the business sector, CONSER requests the potential proporfion of
predicted electricity use that might be saved through conservation, the
estimated proportion of these potential conservation savings that are realized,
and the costs per kWh for conservation savings in existing and new buildings.
These values are also written to the output data file, which now becomes an
input data file for the Conservation Module.

RED uses the residential conservation information in the CONSER data file
to account for the impacts of the conservation technologies under
consideration. First, the amounts of conservation occurring in the residential
sector with and without government subsidization are calculated by multiplying
together the electric use saturation rate, the conservation saturation rate,
and the number of households. Next, the level of program-induced conservation
is calculated by subtracting the nonsubsidized conservation savings from the
subsidized figure. Finally, this figure is subtracted from the price-adjusted
residential requirements to derive the utilities' total residential sales.
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The business conservation calculation separately addresses the sales to
new and existing uses, and two potential pools of electricity savings are
calculated. For simplicity, existing uses are defined as the previous forecast
periods' electricity requirements, whereas new uses are defined as the
difference between the previous period's requirements and the current period's
requirements. The two potential pools of savings are the sales to new uses and
retrofits times user-supplied potential savings rates (for new uses and
retrofits). The predicted level of savings in each case is found by
multiplying the potential pools of savings times user-supplied conservation
saturations with and without government intervention. Finally, the total
program-induced savings are derived by subtracting the savings without
government intervention from sales with government intervention for both new
and existing uses. Total price adjusted requirements, minus program-induced
business conservation, equals utilities' total sales to business.

The economic costs of the residential conservation technology package are
found by multiplying together the government subsidized conservation saturation
rate, the electric saturation rate, the number of households, and the cost to
consumers per installation without government intervention for each
conservation option, and summing over options. For the economic costs of
business conservation, the total megawatt hours saved by government-subsidized
conservation is muitiplied by the cost per megawatt hour saved.

Finally, the Conservation Module helps calculate the effect of
conservation on peak demand. Unfortunately, not all conservation technologies
can be given credit for displacing the demand for peak generating capacity.
Therefore, CONSER queries the user for a peak correction factor, a variable
that takes on a value between zero and one if the option receives credit for
producing some portion of its energy savings during the peak demand period;
otherwise the value is zero. These peak correction factors for each option are
aggregated in RED. First, they are weighted by the proportion of total
program-induced electricity savings each option represents during a given
forecast period. Next, the weighted correction factors are summed together.
The resulting aggregated peak correction factor is sent to the peak demand
model to calculate the peak savings of the set of conservation technologies.
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INPUTS AND QUTPUTS

The inputs and outputs of the Program-Induced Conservation Module are
summarized in Table 8.1. The potential market for the conservation option is
defined by the total number of households served (HHS) and the saturation of
the electrical devices (ESAT) whose use of electricity can be displaced by
investment in a particular conservation option. ESAT equals the total market
saturation of the appliance times the fuel mode split. The total number of
households served is calculated in the housing module, while ESAT is
interactively entered by the user. RCSAT,.the penetration of the potential
market by the conservation technology, is determined within the CONSER
parameter routine. The technical energy savings and the costs of residential
conservation devices (both installation and maintenance) are interactively
specified within CONSER by the user.

The business segments of CONSER also query the user for the potential and
actual saturations of electricity conservation in the business sector and the
costs per megawatt hour saved for business investments in conservation.

Finally, the correction factors are decimal fractions that are
interactively supplied by the user to CONSER and that reflect the extent to
which conservation options receive credit for peak savings.

The outputs of the Program-Induced Conservation Module are the final
electricity sales to the business and residential sectors, and the electricity
savings of the conservation technology set considered in a given run of the RED
model.

MODULE STRUCTURE

The price adjustment mechanisms used in the Business and Residential
Consumption Modules employ price elasticities derived from studies that did not
distinguish among the impacts of conservation technologies and other effects of
energy price changes. Since conservation of electricity is argued to be
induced either by energy price changes or by market intervention designed to
encourage conservation, the treatment of conservation in RED was cautiously
developed to eliminate the possibility of double counting energy savings and
costs.

8.5



TABLE 8.1. Inputs and Qutputs of the Conservation Module
al Inputs
Svmbatl Name From
HHS Total households served Residential Module
TECH Technical energy savings CONSER, Interactive Input
COST! Installation and purchase cost CONSER, Interactive Input
of the residential conservation
device
COSTO Operation and maintenance costs CONSER, Interactive Input
of the residential conservation
device
RCSAT Residential saturation of the CONSER, Interactive Input
device [with and without govern- -
ment intervention)
ESAT Residential electric use CONSER, Interactive Input
saturation
PRES Expected residential electri- CONSER, Interactive Input
city price
RESCON Price-~adjusted residential Residential Medule
consumption
CF Peak correction factor CONSER, Interactive Input
PPES Potential preportion of elec- CONSER, Interactive Input
tricity saved im business in
new and retrofit uses
BCSAT Business conservation saturation CONSER, Interactive Input--
rate (with and without govern- Uncertainty Module
ment intervention)
cosT Cost per megawatt hour saved CONSER, Interactive Input
in business
BUSCON Business price-adjusted Business Module
consumption
5! Qutouts
Symbol Name To
TCONSAY Total electricity saved Report
{business pius residential)
TCONCOST Total cost of conservation Report
{obusiness plus residential)
ADRESCON Adjusted residential consumption Miscellaneous and Peak
Demand Modules
AQBUSTON Adjusted business consumption Miscellaneous and Peak
Demand Modules
ACF Aggregate peak correction factor Peak Demand Mode!
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In RED's formulation, the Program-Induced Conservation Module serves
primarily as an accounting mechanism that tracks the impacts of a given set of
technology options in the residential sector and the aggregate level of
conservation in the business sector. However, since government policies and
programs could have a significant, direct impact upon the level of conservation
adopted, and since the incremental impacts of these actions are not
incorperated in the price adjustment process of the Residential and Business
Consumption Modules, the Program-Induced Conservation Module explicitly
calculates these jmpacts and accordingly adjusts the forecasted sales to
consumers.

Scenario Preparation (CONSER Program)

The calculations of the Conservation Module require scenarios of the
saturation of conservation options, the expected electricity savings, and their
associated costs. To reduce the amount of data entry in scenario preparation
and to facilitate the use of a broad set of conservation technologies and
government policy options, a separate program (CONSER) queries the user for
information necessary to calculate the saturations, savings, and costs. These
parameters are-then written to a data file where they can be accessed by the
remainder of the Conservation Module. Two steps are required: 1) determining
if an option will achieve market acceptance; and 2) calculating market
saturations for options gaining acceptance.

The first step is to determine whether a specific conservation option will
achieve market acceptance. For the residential sector, the way RED identifies
acceptable options is to compare them with other investments available to the
consumer. Conservation is an investment with a financial yield that can be
calculated and compared with other investment options. By comparing the
internal rate-of-return (IRR) of a conservation option with the market rate of
interest, one can determine whether conservation options' return is sufficient
to encourage market acceptance.

The market rate of interest to which RED compares the internal rate-of-
return is the standard commercial bank passbook interest rate. Passbook
accounts have several characteristics:

1. They are virtually risk free.
2. They are extremely liquid.
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3. They have trivial requirements as to the size of the initial deposit.
4, They are readily available to everyone.

Investments in conservation technologies, however, are characterized by
the following:
1. risky
2. difficult to ligquidate
3. (sometimes) require a large initial payment.

These factors would cause most homeowner-investors to require a higher rate of
return on conservation than those on passbook accounts to invest in

conservation. Therefore, a conservation option can pass the internal rate market
interest test even though it might not be adopted. Such a comparison insures that
eQeny option that could achieve market acceptance is included in the portfolio of
conservation technologies to be considered.

The IRR is calculated with the following formula:

ES c

iak
(1 + P ik

ik _

)2 0 (8.1)

2=0

where

T = lifetime of the device (maximum of 30 years)

p = internal rate-of-return

2 = subscript for the year. Takes on values 1 to 30
ES = value of electricity saved

C = total cost of the option in the year

i = subscript for the load center

k = subscript for the option

The value of electricity savings is based on the energy prices the consumer
expects. It is calculated by querying the user for price forecasts and the
electricity savings (in kWh) for each option and multiplying:

ES.

itk (8.2)

= PRESiz X TECHik
where
PRESi

TECH; = annual kWh savings in region i per installation of device k.

dollars per kWh in load center i
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The cost (Csiq)) is the 1980 dollar installation and purchase cost in the year
the device is purchased and the annual maintenance and operating 1980 dollar

costs in all remaining periods.

Recognizing that initial cost is a major barrier to conservation, the
Congress has provided incentives for individuals to install energy-conserving
equipment. Furthermore, the State of Alaska has also instituted several
programs aimed to promote installation of conservation equipment. Because the
main impact of these programs is to reduce the initial cost of conservation,
CONSER uses the subsidized installation and purchase costs of the device to
forecast whether a device will achieve additional market acceptance over an

unsubsidized case.

As previously stated, CONSER requests the expected electricity price
forecast for each year, the operating and maintenance costs, the kWh savings
and the government subsidized purchase and installation costs of the device for
each region. CONSER calculates the internal rate of return of the option,
prints this information, and asks the user if the option is to be used. If it
is, then the unsubsidized costs of purchasing and installing the option are
also requested. ' |

If the scenario to be considered does not include government intervention,
the installation and purchase costs entered for the subsidized and unsubsidized
cases should be the same (and equal to the unsubsidized costs).

The next step of scenario preparation is to determine the market
saturation rate of each conservation option. RED employs a payback decision
rule to determine the default value and the range of the conservation
saturation rate. Since the expected value of electricity savings probably is
not constant across time, the payback period is calculated by dividing the
installation and purchase costs by the cumulative net value of electricity
savings {value of energy savings minus operating and maintenance costs),
starting with the first year and continuing until the ratio is less than one.
The number of years required to drive the ratio to less than one is the payback
period.

The payback period is calculated for both the subsidized and nonsubsi-
dized cases. Since the subsidized case usually will have lower installation
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and purchase costs, the payback periods for the subsidized case will usually be
lower and the conservation saturation rates will usually be higher.

CONSER also requests the name of the conservation option, a forecast of
the market saturation rates for electric devices from which the option
displaces consumption, and the peak correction factor for each conservation
option. The saturation of electric devices is used within the Conservation
Module to define the potential market of the conservation option, whereas the
peak correction factor indicates the extent to which the option displaces
electricity consumption at the peak. This information, as well as the costs
and saturation of the conservation option (for the unsubsidized and subsidized
cases), is written to a data file for later access by the remainder of the
Program-Induced Conservation Module.

Funding constraints in the Railbelt Alternatives Study prohibited the
development of detailed cost and performance data for business conservation
applications. CONSER, therefore, requires the user to provide the following
for both new and retrofit uses: the potential proportion of electricity that
conservation technology can displace and an estimate of the proportion of those
potential savings actually realized for subsidized and unsubsidized cases.
CONSER also requests the cost per megawatt hour saved for both cases and the
peak correction factor for new and retrofit uses.

This business sector information is also written to CONSER's output data
file. By running CONSER with several different technology packages and
government policy packages, conservation scenario files can be easily
constructed for later analysis within RED.

Residential Conservation

Using the information from the data file that CONSER creates, the
calculation of electricity saved by the set of technologies is
straightforward. By multiplying the electric device saturation and the
incremental number of households served, the total number of potential
applications of the conservation device is found. The incremental number of
households served in the first forecast period {(1980) is zero, since the
current consumption rates already include the current level of conservation.
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By next multiplying the potential number of uses by the savings per
installation and the saturation of the conservation option, the amount of

electricity saved is derived:

CONSAV;¢yj = RCSATjyj x TECH;, X

(ESATitk X HHS;¢ - ESATi(t-l)k X HHSi(t-l) (8.3)
where
CONSAV = electricity saved (kWh)
RCSAT = conservation saturation rate
TECH = electricity savings per installation (kWh)
ESAT = electric device saturation rates
HHS = total households served

t = denotes the forecast period (1,2,3,...,7)
j = denotes subsidized {j=1) or nonsubsidized (j=o).

The total electricity displaced through the residential conservation set
considered is found by summing across the options {subscript k):

K
RC(JNSAVitl = kil CONSAVitkl (8.4)
where
RCONSAV = residential electricity conserved (kwh)

K

total number of residential options considered.

Since the price adjustment mechanism does not account for government-
induced conservation, the model next adjusts residential sales by the
incremental conservation attributable to government programs:

ADRESCON;, = RESCON;; - (RCONSAV;y; - RCONSAVj¢,) (8.5)

where
ADRESCON
RESCON

final electricity requirements of residential consumers

price-adjusted residential consumption.
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The electrical device saturation and the incremental number of households
défine the number of potential applications. The cost of purchasing and
installing the option is calculated by multiplying the potential number of new
uses by COSTI (the installation and purchase costs per option). Next, by
multiplying COSTO {annual operations and maintenance costs per option) by the
cumulation of previous forecast periods' potential uses, the operating and
maintenance costs are found. Finally, by summing all these components, the
total annual costs associated with conservation savings in a given forecast
period can be found. During any forecast year, the annual costs are equal to
one year's total installation costs, plus operating costs associated with all
previous additions to stock:

CONCOSTitkj = COSTlikj X RCSATitkj X (ESATitk X HHS1.t -
t
ESATi(t-l)k X HHSl(t-l))//% + CDSTOik X i=1RCSATikj X
where
CONCQOST = the option's total annual cost
COSTI = unit cost in 1980 dollars for purchasing and installing the
conservation option
COSTO = unit cost in 1980 dollars of operating and maintaining the

conservation option
h = forecast period subscript. Can take on values 1 to t.

By summing over the options, the total costs of the residential conservation
set is found.

K

RCONCOS"i'it:| = T CONCOST,

: (8.7)
k=1 1tkJ

where
RCONCOST = present value of the total costs of the set of
residential conservation options.
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The total costs of conservation are the unsubsidized total costs
(RCONCOST;+,), consumers pay the subsidized costs (RCONSAV;4q), and government

pays the difference (RCONCOST;4, - RCONCOSTitl)-

Business Conservation

For business conservation impacts, funding constraints prohibited
collection of detailed cost and performance data. Fortunately, a limited
nunber of studies have estimated the potential energy savings and associated
costs for aggregate conservation investments in new and existing buildings.

RED separates the conservation impacts for the business sector into two
parts: those arising from retrofitting existing bUildings, and those arising
from incorporating conservation technologies in new construction. As in the
residential segment of the Program-Induced Conservation Module, the potential
pool of electricity that can be displaced must be identified for both new
construction and retrofits. This "pool" is determined by the state of
conservation technology and is supplied to the conservation module from the
CONSER output file.. The actual amount of conservation that occurs depends upon
the price of electricity and competing fuels and upon the cost and'performance
characteristics of the options availabie. This is also supplied by CONSER.

In RED, the potential pool of displaced electricity for businesses is
derived hy first separating business sales into sales to existing structures
and sales to new structures. For simplicity, the change from the previous
periods' business requirements as calculated by the Business Consumption Module
is assumed to be the sales to new buildings:

SALNB;¢ = BUSCON;¢ = BUSCONi(t_l) (8.8)
where
SALNB = sales to new buildings
BUSCON = business consumption prior to conservation adjustments.

Therefore, the sales to existing buildings are the sales in the previous
period:
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SALEX{y = BUSCON;(4.1) (8.9)

where
SALEX = sales to existing buildings.

To find the potential pool of electricity use displaced through retrofits and
incorporation of conservation options in new buildings, the Program-Induced
Conservation Module multiplies the disaggregated sales figures times the
potential percentage of electricity saved in new and retrofit buildings:

POTNB; ¢+ =75ALNBit X PPES;¢n (8.10a)
POTEX;¢ = SALEX;4 x PRES;.p (8.10b)
where
POTNB = potential amount of displaced electricity in new buildings
PPES = proportion of electricity that technically can be displaced via
retrofit or incorporation of conservation options in new
buildings. .
POTEX = potential amount of displaced electricity in existing buildings

E = subscript for existing buildings
N = subscript for new buildings.

These figures, however, only provide the technically feasible amount of
electricity that could be displaced. Market forces determine what level of the
potential electricity savings will be achieved.

In the residential segment of the Program-Induced Conservation Module, RED
used an internal rate-of-return test and a payback period decision rule to
determine first, whether an option would achieve market acceptance, and second,
what level of acceptance it would achieve. As mentioned above, the information
available for business conservation does not permit such an analysis.
Therefore, the model user is required to assume a level of potential market
saturation. The saturation rates {one for retrofits, one for new buildings)
must reflect the prices of fuels (including electricity), the costs of the
package of options employed, and the electricity savings expected for
subsidized and nonsubsidized cases.
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The saturation rates are obtained from the data file CONSER creates. The
displaced electricity can be found by multiplying the total saturation rates by
the total potential pool of electricity savings:

BCONSAVith = BCSAT ¢y X PDTNBjtj (8.11a)
BCONSAVitEj = BCSAT;¢p X POTEXitj (8.11b)
where ‘
BCONSAV = electricity savings

BCSAT = saturation rate for conservation options in business.

As in the residential sector, the business requirements must be adjusted
for the incremental impact of government programs:

ADBUSCON; ¢ = BUSCON;¢ =~ (BCONSAVyyy - BCONSAV;yyo) (8.12)
- (BCONSAV; gy = BCONSAV e ()

where
ADBUSCON = adjusted business consumption.

The total cost of the conservation set in a given future forecast year is
given by multiplying the 1980 dollar cost per megawatt-hour saved by the
conservation savings in each use:

BCONCOSTitJ - (BCONSAVitEj X COSTiEj + BCONSAVitNl) (8.13)
where

BCONCOST
COST

business conservation costs, future forecast year

1980 dollar costs per megawatt hour saved.

The total costs of the conservation in a future forecast year to "society" is
the nonsubsidized costs {BCONCOST;t,), whereas the value of the subsidy in that
year is (BCONCOSTitO - BCONCOSTitl), and businesses bear only the subsidized

costs (BCONCOSTitl).
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Peak Correction Factors

The last item to be calculated is the aggregate peak correction factor for
the incremental impact of government conservation programs on peak demand.
This factor is calculated by weighting each option's peak correction factor by
the option's proportion of incremental conservation:

K - (CONSAV - CONSAV x CF

itko)

itkl k
ACF. = I L (8.14)
it 0 (RCONSAVTt1 - RCGNSAVitO) + (BC(JNS/-\Vit1 - BCONSAV1t6T
. (BCONSAVitEl - BCONSAVitEo) X CFE + (BCONSAVitN1 - BCONSAVitNo) X CFN
w (RCONSAVitl - RCONSAVitO) + (BCONS/—\Vit1 - BCONSAVitO)
where
ACF = aggregate peak correction factor
CF = option-specific peak correction factor, equal to the proportion
of the electrical demand of displaced appliances that can be
displaced at the peak demand period of the year (e.g., January).
PARAMETERS

One of the requirements of the Alaska state program whereby homeowners
request state money to install conservation measures is that the payback period
for the measure be less than seven years. Therefore, if a conservation
option's payback period is assumed to be greater than seven years, the options
market penetratibn will be very limited, effectively zero. However, if the
option pays for itself within the first year, then the option would penetrate
the entire potential market immediately. The relationship between payback
period and penetration rate for payback periods between zerc and seven years is
assumed to be Tinear. A range of 15% on these values is arbitrarily assumed.
Tab]e 8.2 presents these market penetration parameters.
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TABLE 8.2. Payback Periods and Assumed Market Saturation
Rates for Residential Conservation Options

As sumed
Range

(%)

Payback As sumed

Period Saturation

(years) ' ( %)
0 100.0
1 87.5
2 75.0
3 62.5
4 50.0
5 37.5
6 25.0
7 12.5
8 0

80-95

67 .5-82.5
55-70

42 5-57.5
30-45
17.5-32.5
5-20

0-5

Source: Author Assumption
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9.0 THE MISCELLANEOQUS MODULE

MECHANISM

The Miscellaneous Module uses outputs from several other modules to
forecast electricity used but not accounted for in the other modules, namely,
street lighting, second homes, and vacant housing.

INPUTS AND OUTPUTS

This module uses the forecasts of electrical requirements of the residen-
tial and business sectors and the vacant housing stock. The only output is
miscellaneous requirements. Table 9.1 provides a summary of the inputs and
outputs of this module.

TABLE 9.1. Inputs and Qutputs of the Miscellaneous Module

a) Inputs
Symbol Name From
ADBUSCON Adjusted Business Requirements Program-Induced

Conservation Module

ADRESCON Adjusted Residential Requirements Program—Induced
Conservation Module

VACHG Vacant Housing Housing Module

b) Outputs
Symbol Name To
MISCON Miscellaneous Requirements Peak Demand Module

MODULE STRUCTURE

Figure 9.1 provides a flowchart of this module. For street lighting, the
requirements are assumed to be a constant proportion of conservation-adjusted
business and residential requirements:

SRit = s1 x (ADBUSCON;; + ADRESCON; ) (9.1)
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FIGURE 9,1, RED Miscellaneous Module

where .
SR = street lighting requirements
ADBUSCON = business requirements after adjustment for the incremental
conservation investments
ADRESCON = final electricity requirements of residential consumers

i = subscript for load center
t = forecast period (1,2,3...,7)
s1 = street Tighting parameter.

For second-home consumption, RED calculates the number of second homes as
a fixed proportion of the total number of households. A fixed consumption
factor is then applied:

SHRj = sh x CHH;j. x shkWh (9.2)
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where

SHR = second home requirements
CHH = total number of civilian households
sh = proportion of total households having a second home
shkWh = consumption factor.

Finally, the use of electricity by vacant housing is a fixed consumption
factor times the number of vacant houses:

VHR;4 = vh x VACHG; 4 (9.3)
where
VHR = vacant housing requirements
YACHG = number of vacant houses

vh assuned consumption per vacant dwelling unit.

Total miscellaneous requirements are found'by sunming the three components
above:

MISCON;y = SRip + SHRjy + VHRiy (9.4)

where
MISCON = miscellaneous electricity consumption.

PARAMETERS

Table 9.2 gives the parameter values used for the Miscellaneous Module.
These parameters are all based on the authors' assumption because no other
source of information is available. Tillman (1983) found that Anchorage
Municipal Power and Light has a conservation program in place to convert city
street lights from mercury vapor lamps to high-pressure sodium lamps, resulting
in some savings of electric energy. This is considered to be a one-shot
success whose total impact grows proportionately to street lighting demand.
Even since this program was instituted, miscellanecus demand has continued
to grow. It is assumed that the effects of additional requirements for
street 1ighting will partially offset the effect of conservation, and that
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TABLE 9.2. Parameters for the Miscellaneous Module

Symbo1l Name Value
51 Street 1ighting(?) 0.01
sh Proportion of households having a second home(b) 0.025
shkWh Per.unit second-home consunption(b) 500 kWh
Vh Consumption in vacant housing(¢) 300 kWh

(a) 1980 ratio of street lighting to business plus residential sales.

(b} 0. Scott Goldsmith, ISER, personal communication.

{c) Author assumption. Reflects reduced level of use of all
appliances.

this component of miscellaneous demand will continue to be about proportional
to residential and business use in the future.
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10.0 LARGE INDUSTRIAL DEMAND

Large industrial demand for electricity in the RED model is not provided
by the model itself; rather, the model provides for a data file called EXTRA
DAT, which is read by the program each time a forecast is made. The model user
supplies a "most 1ikely" default value forecast of electricity energy and
demand at system peak to the EXTRA DAT file for each load center he wishes to
include in the model run. If he wishes to develop a Monte Carlo forecast, he
must also supply forecasts for higher and lower probability conditions. These
exogenous estimates can be assembied from any source; however, they should be
consistent with the economic scenario used in any given model forecast. This
was done for the 1983 update.

The EXTRA DAT data set has other uses. Although military demand for
electricity in the Railbelt historically has been self-supplied, the model user
could test the effect of military demand on utility sales or total Railbelt
demand by adding military annual energy and peak to the exogenous forecast for
each Toad center. Self-supplied industrial energy can be handled in a similar
fashion. Finally, EXTRA DAT can be used to account for cogeneration of
electricity and for utility load management. The model user only needs to
estimate the effect of such projects for 1980, 1985, 1990, etc. on annual
energy sales and load at the time of year when the electrical system peak load
occurs. He then subtracts these estimates from his estimates of Targe indus-
trial (plus military) annual energy and demand at system peak and enters the

difference in EXTRA DAT for each forecast period and load center. This data

file will accept negative numbers showing net conservation. Other types of
conservation or demand that cannot be analyzed in detail in other sectors of
the model can also be handled here. Examples might inciude agricultural and
transportation demand for electricity or the impacts of district heating
systems on electrical consumption.

MECHANISM, STRUCTURE, INPUTS AND OUTPUTS

The user supplies data for the file EXTRA DAT for each load center and
forecast period on net total industrial, military, agricultural, transportation
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_annual energy demand at system peak {net of cogeneration effects) for each load
center for cumulative probabi]ities'of 0.75, 0.5 (default value), and 0.25 that
demand will be greater than or equal to the value specified. The model then
adds these estimates to the appropriate reports in the forecast results.

Inputs and outputs are identical. Outputs are supplied to the Peak Module (to
calculate system peak demand) and to the report writing routines.

PARAMETERS

There are no parameters in the RED model large industrial demand

calculations.
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11.0 THE PEAK DEMAND MODULE

Up to this point, only the method to forecast the total amount of electri-
city demanded in a year has been considered. However, for capacity planning,
the maximum amount of electricity demanded (or peak demand) is probably more
important. Peak demand defines the highest rate of Consumption.of electric
energy during the year. As identified in RED, it does not include losses of
energy in transmission.

MECHANI SM

Unlike the Lower 48, where utilities frequently have done extensive cus-
tomer time-of-day metering and other analyses to estimate peak demand by
customer type and end use, the Railbelt utilities have virtually no information
on peak demand by type of customer and end use. Conseguently, the RED model
does not forecast peak demand by end use; instead the Peak Demand Module uses
regional load factors to forecast peak demand. The load factor is the average
demand for capacity throughout the year divided by the peak demand for capacity
in the year. RED first calculates the peak demand without the peak savings of
program-induced conservation. Next, the peak savings of the incremental pro-
gram-induced conservation are calculated, taking into account the mix of con-
servation technologies being considered. Finally, by netting out the peak
savings, RED calculates the peak demand the system must meet.

INPUTS AND QUTPUTS

Table 11.1 provides a summary of the inputs and outputs of the Peak Demand

Module. The load factors (LF) are generated by the Uncertainty Module, whereas

the aggregate peak correction factor (ACF) comes from the Conservation

Module. The business, residential, and miscellaneous requirements (BUSCON,
RESCON, and MISCON) come from the Business, Residential, and Miscellaneous
Modules, whereas the conservation-adjusted requirements (ADRESCON and ADBUSCON)
come from the Conservation Module. The outputs of this module are 1) the peak
demand in each regional load center at the point of sale to final users, and

2) the incremental peak savings of subsidjzed conservation.
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TABLE 11.1. - Inputs and Outputs of the Peak Demand Module

a) Inputs
Symbol Name From
LF Regional Joad factor Uncertainty Module
RESCON Residential requirements prior to Residential
adjustment for subsidized conservation Consumption Module
BUSCON Business requirements prior to adjustment  Business
for subsidized conservation Consumption Module
ADRESCON  Residential requirements adjusted for Conservation Module
subsidized conservation
ADBUSCON  Business requirements adjusted for sub- Conservation Module
sidized conservation '
ACF Aggregate peak correction factor Conservation Module
b) Outputs
Symbo1l Name TO
FPD Peak demand Report
PS Incremental peak savings Report

MODULE STRUCTURE

Figure 11.1 provides a flow chart of this module. First, the peak demand
without subsidized conservation is calculated. This is done by dividing the
total electricity requirements in each region by the product of the load factor
times the number of hours in the year. Next, the same operation is performed
using energy requirements adjusted for the energy savings resulting from sub-
sidized conservation investments. This yields the preliminary peak savings.
RED then adjusts the peak savings by multiplying the aggregate peak correction
factor times the peak savings. The corrected peak savings are then subtracted
from the peak demand calculated in the first step to derive the regional peak
demand at the point of sale.

The first step is to calculate the total electricity requirements without
subsidized conservation by adding the residential, business, and miscellaneous

requirements:
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FIGURE 11.1. RED Peak Demand Module
TOTREQB;y = BUSCONj + RESCONj, + MISCON;y (11.1)
where
TOTREQB = total electricity requirements before conservation adjustment
(MWn)
BUSCON = business requirements before conservation adjustment (MWh)
RESCON = residential requirements before conservation adjustment (MWh)
MISCON = miscellaneous requirements (Mwh)

i = index for the load center
t = index for forecast period {(t = 1,2,...,7).

Next, the Peak Demand Module calculates the peak demand without accounting
for the incremental conservation due to subsidized investments in conservation
by applying the load factor:
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TOTREQB1.t
POpit = TFx 8780 (11.2)
where
PD = peak demand (MW)
LF = load factor
8760 = number of hours in a year
p = index denoting preliminary.

To calculate the peak savings due to subsidized conservation investments,
RED first must find the incremental number of megawatt hours saved:

TOTREQS; = BUSCON;, - ADBUSCON;, + RESCON;, - ADRESCON:, (11.3)

where

TOTREQS = incremental megawatt hours saved by subsidized conservation
investments

ADBUSCON = business requirements after adjustment for the 1ncrementa1
impact of subsidized conservation

ADRESCON = residential requirements after adjustment for the incremental

impact of subsidized conservation.

Next, peak savings are found by multiplying the incremental electricity
saved by the aggregate peak correction factor and applying the load factor:

TOTREQSit
PS1.t = ACFit X TF =% 5 (11.4)
it
where
PS = peak savings {MW)
ACF = aggregate peak correction factor.

Finally, by subtracting the peak savings from the preliminary peak demand,
the final peak demand for each region is derived:

FPD,, = PD .. - PS (11.5)

it pit it
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where

FPD = index denoting final peak demand.

PARAMETERS

The only parameters in the Peak Demand Module are the system load factors
assumed for the Anchorage and Fairbanks load centers. These load factors are
shown in Table 11.2.

TABLE 11.2. Assumed Load Factors for Rajlbelt Load Centers

Load Factor (%)

Load Center ‘ Default Range
Anchorage 55.73 49.2-63.4
Fairbanks 50.00 41 .6-59.1

In the RED model, peak electricity demands are estimated as a function of
the seasonal load factors (average energy demands/peak energy demahds) for the
major load centers in the Railbelt. Thus, identification of appropriate load
factors is crucial in determining the need for peak generating capacity for a
given amount of forecasted electrical energy demand.

Forecasting future load factors and thus, peak electrical energy demands,
is a difficult process because of the interaction among many factors that
determine the relationship between peak and average electrical demands. The
analysis conducted in support of the parameter estimates in Table 11.2 quanti-
tatively and qualitatively evaluated annual load factors for the Anchorage and
Fairbanks load centers. The impacts of the diversity between the two load
centers in the timing of the occurrence of peak loads is also briefly discussed
below.

Simple trend-1ine fitting and more complex ARIMA time series modeling were
used in an attempt to develop guantitative forecasts for future Toad factors
for the Anchorage and Fairbanks Toad centers. A qualitative analysis was also
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conducted of the impacts of conservation programs, changes in customer mix, and
other variables as they may affect future load factors for the two load
centers.

The central conclusion arising from the analysis is that no scientifically
defensible basis for projecting that future 1oad factors for the Anchorage and
Fairbanks areas will either increase or decrease could be developed within the
resources of the study.(a) Thus, average load factors for the period 1970-1981
of 0.56 for Anchorage and 0.50 for Fairbanks were used as default values in
developing peak demand estimates. Historic minimum and maximum values of the
load factors of individual utilities in each load center were examined. The
lowest and highest of these in each load center were used as the minimum and
maximum load factor values for the load center,

Quantitative Analysis of Trends in Load Factors in the Railbelt

Trend analysis is not a preferred approach to forecasting future electri-
cal Toad factors and peak loads in the Railbelt. Ideally, the methodology for
forecasting future load factors over a long-range planning horizon (in RED,

30 years is the planning horizon) should incorporate information on structural
variables that determine the l1oad factor. Examples of such structural vari-
ables are the forecasted demands of different customer classes (i.e., residen-
tial, commercial, and industrial) and the forecasted patterns and saturation
rates of appliances. |

Developing a structural econometric model of load factors and/or peak
loads is a complex task. In addition, while Anchorage Municipal Light and
Power has conducted very limited metering of residential sector customers, in
general there is no data base in Alaska that associates patterns of residential
electrical use with appliance stock and socioeconomic characteristics. Even
less data are available on the commercial sector. Thus, the data necessary for
building a structural time-of-use model are not available for the Railbelt

(a) This is consistent with Anchorage Municipal Light and Power findings of no
trend in load factor (personal communication, Max Foster, AMLP economist,
to Mike King, June 11, 1981).
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area. Thus, in this study, quantitative analysis of Anchorage and Fairbanks
Toad factors was limited to trend analysis.

Simple Trend Analysis

Table 11.3 presents estimates of the annual load factors for areas
approximating the Anchorage and Fairbanks service areas and the month in which
the peak load occurred in the period 1970-1981. The load factors presented in
Table 11.3 were estimated by the following equation:

REG
PMW*8.76
where
REG = regional energy generation for Anchorage or Fairbanks areas in
gigawatt hours
PMW = Targest monthly peak regional energy demand for Anchorage or

Fairbanks areas in megawatts.

TABLE 11.3. Computed Load Factors and Month of Pe?k Load Occurkence
for Anchorage and Fairbanks 1970-1981(a)

Anchorage Fairbanks

Year Load Factor Peak Load Month  Load Factor Peak Load Month
1970 0.524 December 0.445 December
1971 0.575 January 0.443 December
1972 0.562 December 0.486 January
1973 0.585 January 0.505 January
1974 0.589 December 0.4486 December
1975 0.495 December 0.474 December
1976 0.583 December 0.555 January
1977 1.548 December 0.466 December
1978 0.576 December 0.553 January
1979 0.593 December 0.574 January
1980 0.541 December 0.488 December
1981 0.559 December 0.511 December

(a) Computed from data presented in DOE/APAdmin (1982).
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A1l data for estimating the Toad factors were obtained from tables
developed by the Alaska Power Administration (APAdmin) (DOE-APAdmin 1982)., The
area designated as the "Southcentral® region in the APAdmin statistics is
assumed to be representative of the Anchorage service area in the Railbelt and
the area designated as the “Yukon" is assumed to be representative of the Fair-
banks area.

The information presented in Table 11.3 clearly shows that the period when
Railbelt peak Toads occur (and thus, when annual lToad factors are determined)
is in the winter, coinciding with the timing of coldest winter weather and
maximum hours of darkness. It is desirable for forecasting purposes to stan-
dardize for weather-related impacts on the load factor. Including weather-
related impacts in the trend analysis could lead to erroneous conclusions if a
nonrepresentative mix of weather patterns occurred over the period of the time
series data. In addition, weather is such a random variable that it is almost
impossible to forecast.

Assuming that a strong correlation between non-weather-related load fac-
tors and time could be identified, future non-weather-related load factors
might be reasonably forecast using the coefficient in the time trend
equation. To correct the load factors for weather-related influences, the
annual load factors for each year presented in Table 11.3 were multiplied by
the number of heating degree days in each corresponding year. The resulting
adjusted load factors for Anchorage and Fairbanks were then regressed against a
time variable using the following simple equation:

Y = a + bx

where

Y
X

load factor multipiied by heating degree days

i

t ime.

The explanatory power of time in explaining changes in the adjusted 1oad
factor was low for both Anchorage and Fairbanks. The R2 values for the regres-
sions were 0.39 for Anchorage and 0.02 for Fairbanks, respectively. Both the t
and F values for time in the Anchorage equation were significant at 95% levels
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of confidence. The time coefficient was negative, indicating that Anchorage's
weather-adjusted load factor was declining over time. For reasons that will be
discussed later, it does not appear that forecasting a declining load factor in
either Anchorage or Fairbanks is realistic. 1In any case, the level of explana-
tory power provided by the time trend equations was too low to base any fore-
casts of future load factors upon the results.

Trend Analysis Using an ARIMA Model

A more complex method of using time series data to forecast future load
factors in an ARIMA model (Autoregressive Integrated Moving Average) was also
attempted. The first step in this process was to calculate load factors by
month for the period 1970-1981. These monthly load factors were calculated in
a manner similar to that used in calculating the peak load factors presented in
Table 11.3. Calculating load factors for each month in the 12-year period pro-
vided a data base of 144 observations, which was more than sufficient for dev-
eloping an ARIMA model.

The next step was to attempt to identify the correct specification of the
ARIMA model in terms of the lag operators to be used and the degree of differ-
encing to be employed. The objective in identifying the model is to obtain a
stationary historical time series that will consistently represent the para-
meters underlying the trends in the time series.

The appropriate Tag operators for the model were specified to be 1 and

12, That is, the load factor in a particular month should be correlated with
the Toad factor in the previous month and the load factor in the previous
year. Computation of autocorrelation coefficients for the data using lag
operators of one and 12 and various levels of differencing revealed that using
first differences on both lag operators produced a stationary time series with
small random residuals in a relatively short time for both Anchorage and Fair-
banks.

Thus, the ARIMA model for load factors was identified as the following:

(1-418) (1-BL2) ¥y = (1-81B) (1-85B) a;
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a; = random error term ("white noise")
B = Tlag operator
¢7 = sequential autoregressive parameter for the first difference
on the load factor of the previous month
8 = sequential moving average parameter for the first difference
on the load factor of the previous month
810 = seasonal moving average parameter for the first difference on
the load factor of the previous year
Yy = load factor in a particular month.

This model specification is similar to the one developed by Uri (Uri 1976) for
forecasting peak loads using an ARIMA time series model.

The model was applied to the monthly load factor data and relatively low
residual sum of squares (i.e., unexplained variation in the data) were
obtained. The coefficients of the ARIMA model were then input into an ARIMA
forecasting routine that uses the most recent historical data and the coeffi-
cients to generate forecasts for specified forecasting periods.

The forecasts generated by the ARIMA forecasting model predicted that the
load factor for Anchorage over the next 30 years would increase from 0.56 to
0.66, whereas the load factor for Fairbanks would decrease from 0.51 to 0.42.
However, project resources were insufficient to permit validation and refine-
ment of the ARIMA coefficients and the resulting forecasts. In addition,
qualitative analysis of the factors influencing Toad factors does not support
the conclusion that Fairbanks load factors are likely to decline over time.(a)

Qualitative Analysis Of Load Factors

Although peak load forecasting has received a substantial amount of
research attention, the relationship between peak loads and average energy

(a) Whether the load factor is computed on a monthly basis, as in Table 11.3,
or on an annual basis, as in Table 13.2 it appears that Fairbanks' Toad
factor is increasing slightly. 1In any event, 0.42 appears unrealistically
low. Note also that simple trend analysis showed opposite results.
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demands has not received the same degree of attention. Locating research
literature on the relationship between peak loads and average loads and on the
factors that influence this relationship proved to be a difficult task. In
addition, it is questionable how applicable the results of studies from other
areas are to the Railbelt because of the unique characteristics of the area and
the fact that load factors tend to be unique to each utility system.

The following discussion represents an attempt to synthesize available
information into a useful form for evaluating potential changes in Anchorage
and Fafrbanks load factors. Much of the discussion is somewhat subjective, and
empirical results on these topics are unavailable. Consequently, there was not
a strong enough basis for concluding that load factors will change substan-
tially from present levels in the major load centers of the Railbelt.

Impacts of Changes in the Customer Load Mix on the Load Factor

The customer mix, which can be measured by the proportion of total power
demands comprised by the residential, commercial and industrial sectors, is a
crucial factor in determining the load factor of an electrical service area.

The analysis of power demands by customer is important. If it could be
demonstrated that the demands of particular customer classes are the primary
cause of Railbelt system peak demands and that changes in the current mix of
customer demands are likely to occur in the future, future changes in the Rail-
belt system load factor could be evaluated.

In general, residential power demands have the greatest degree of vari-
ation both by time of day and by season of the year. Commercial power demands
demonstrate slightly less variation over time. Industrial power demands are
the most constant type of power demand over time.

A typical Lower 48 load pattern for residential, commercial, and indus~
trial customers on a peak day is shown by a daily load profile in the Pacific
Northwest in Fiqure 11.2. Note the substantial amount of varijation in residen-
tial power demands by time of day relative to other sectors. The pattern of
demand illustrated in Figure 11.2 is typical for most utilities,
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since sectoral load patterns in most utility service areas will reveal substan-
tially greater variation in residential loads over time than for other sectors.

Data on load patterns by type of customer in Alaska were not available.
However, a limited amount of data .on total utility system loads was avail-
able. An analysis of these data shows that highest power demands in Alaska
occur in the late afternoon and early evening. This is illustrated by the data
presented in Table 11.4 for two peak days during the winter of 1981-1982.

TABLE 11.4, Time Period of Peak Dem n?s in
Anchorage and Fairbanks

Time Period of Peak Demand
Service Area December 29, 1981  January 2, 1982
Anchorage(b) 4 pam. 5 p.m.
Fairbanks(c) 4 p.m. 5 p.m.

{a) Source: Memorandum from Myles C. Yerkes of the
Alaska Power Authority to the Committee on Load
Forecasts and Generation, Alaska Systems Coordi-
nating Council.

(b) Includes Anchorage Municipal Power and Light and
Chugach Electric Association.

(c) Includes Fairbanks Municipal and Golden Valley
Electric Association.

The late afternoon timing of the occurrence of peak demand in the Railbelt
generally indicates that both residential and commercial demands are likely to
be impartant in determining the occurrence of peak demand. Thus, it does not
appear that the load factor of the Alaska power system would be particularly
sensitive to changes in the relative mix of residential and commercial power.

The percentages of total Railbelt forecasted power consumption comprised
by individual sectors for various future time periods are presented in Table
11.5. The information presented in this table demonstrates that in the case
examined there is no clear trend in the share relationship between commercial
and residential demand. Thus, even if Railbelt residential and commercial use
had different load patterns, it is not clear that this would result in any
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TABLE 11.5. Percentages of Total Forecasted Railbelt
Electrical Consumption ComErjsed by
Individual Customer Sector‘d

Anchorage Fairbanks
Year Residential Commercial Residential Commercial
1980 52.8 47.2 44.8 55.0
1990 49.1 51.9 49,2 50.8
2000 47.9 52.1 51.8 48.2
2010 46.1 53.9 51.4 43 .6

(a) Sectors add to 100% (excludes miscellaneous and
industrial demand).
Source: RED Model Run, Case HE6--FERC 0% Real
Growth in Price of 0il.

clear trend in system load factor. Industrial demand could change the load
factor, but industrial demand is handled separately in RED {(see Section 10.0).

Impacts of Conservation on the Load Factor

Future conservation efforts in the Railbelt have the potential to improve
the annual system load factor by reducing winter electrical demands by a
greater amount than average electrical demands. The residential energy conser-
vation measures that are most likely to be included in Alaska's Tong-term
energy conservation program are presented in Table 11.6.

TABLE 11.6. Conservation Measures Most Likely to be
Implementfg)in the Residential Sector

of Alaska
Measure ' Level
Ceiling Insulation R-38
Wall Insulation R-11
Glass Storm Window Installation
Weatherstripping Doors and windows
Water Heater Improvement Blankets and Wraps

(a) Source: 1983 Alaska Long-Term Energy Plan
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The measdres listed in Table 11.6 are generally related to the overall
goal of improving thermal energy efficiency in the residential sector. Thus,
one would expect that the implementation of most of these conservation measures
would result in greater energy demand reductions in the winter than the average

demand reduction for the entire year.

However, it should be noted that electricity is used for space heating in
only a small percentage of the Rai]be]t;s residences and businesses. Thus, the
impact of improvements in thermal efficiency on the total electrical power
system load factor may not be 1arge.(a)

Electrical demands for lighting are probably the major causal factor in
creating the large disparity between peak and average electrical demands in
Alaska. Currently, according to the 1983 Alaska's Long-Term Energy Plan,
1ighting is not targeted as an area for future conservation efforts in
Alaska. Without a sustained conservation effort in 1ighting, it appears
unlikely that conservation will result in a significant change in the annual
load factor in the Railbelt.

In summary, it appears that future conservation efforts in the Railbelt
will result in positive, but very small, improvements in the power system load
factors. A successful program to increase lighting energy efficiency could
significantly increase the positive impacts of conservation upon the system
load factor.

Load Center Diversity

The diversity in the timing of peak electrical demands is important in
determining how changes in demand will affect the system load factor. The
impacts of demand diversity between Fairbanks and Anchorage will be particu-
larly important after the two load centers are intertied in 1984,

(a) Note also {(from Section 5.0) that the incremental electric fuel mode split
in space and water heat for the Anchorage service area is very low. This
means that over time the measures shown in Table 11.6 will grow less and
less effective in saving electricity, other things being equal.
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Data on demand diversity among customer classes in Alaska were not avail-
able. A limited amount of data on demand diversity among untilities was avail-
able. These data, collected by the Alaska Systems Coordinating Council (Yerkes

1982), reveals that the diversity among utilities in the timing of peak demands
is not great. The ratio of the highést peak demand for the Alaska power system
as a whole (the coincident peak) to sum of the peaks for the individual utili-
ties (the noncoincident peak) was 0.98 for selected peak days in December, 1981
and January, 1982.

This high coincidence factor, which equates to a low level of diversity
among the various utilities in the timing of peak demands, impliies that future
shifts in the mix of demand among the various load centers will have Tittle
impact on overall peak demand. A primary cause of peak power demands that
occurs in Alaska is high-pressure Arctic weather systems that generally tend to
increase the demand for electric power in almost all areas of Alaska. Thus,
diversity in demand among utilities has 1ittle impact on total system peak
demand, although more research would be necessary to reach the same conclusion
for the various customer classes.
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12.0 MODEL VALIDATION

The purpose of a model validation is to assess the accuracy and plausi-
bility of the model's forecasts. In engineering or physical systems, this can
be accomplished via controlled experiments, where a system can be character-
ized, simufated, and compared to experimental results.

Unfortunately, demand forecasting models attempt to describe the inter-
actions of physical systems, individuals, and the environment. It is impos-
sible, therefore, to conduct the type of validation that typically accompanies
physical science models.

Validation of integrated economic/engineering models typically consists of
two tests: the ability of the model "come ciose” to historical figures when
the actual inputs are used, and the "reasonableness" of the forecasts. This
section applies both of these tests to the RED model.

ASSESSMENT OF RED'S ACCURACY

In order to assess the accuracy of a simulation model, the usual procedure
is to substitute historical values for the inputs or "drivers" of the model,
produce a backcast, and compare the predicted and actual values. Unfortun-
ately, the period for which this type of exercise can be produced is relatively
brief.

End-use forcasting models are very data intensive, and RED is no excep-
tion. Much of the data necessary to run the model (including fuel mode split
and appliance saturations) required a primary survey of the population. His-
torical data for these critical parameters is incomplete; therefore, the
accuracy tests which can be performed on the model are limited.

A partial validation of RED's accuracy, therefore, was performed by taking
the Tinearly interpolated forecast values from the case.

The linearly interpolated forecasts were then compared with the actual
consumption levels in 1982. Table 12.1 presents a cross tabulation of these
values.
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TABLE 12,1, Comparison of Actual Base Case, and Backcast Electricity
Consumption (GWh) 1982

Anchorage-Cook Inlet Fairbanks-Tanana Valley
Base(b) Base (D)
Actual Case Backcast Actual Case Backcast
Residential 1,146 1,060 1,097 178 205 208
Business(a) 1,072 1,118 1,170 269 243 254
Other 23 25 23 5 7 6
Total 2,241 2,203 2,290 452 455 - 468
% Difference from Actual -- -1.7% 2.2% 0.6% 3.5%

{a) Including Industrial Demand.
(b) Sherman Clark No Supply Disruption. This value is a linear interpolation
between the 1980 and 1985 forecast values.

Even though RED is designed to be a long-run model, it produces an inter-
polated forecast with an error of only 0.6% in Fairbanks, and an error of only
-1.7% in Anchorage when compared to actual data in the most recent year avail-
able.

The model was also run using best estimates of 1982 economic drivers and
fuel prices shown in Table 12.2. These results are shown in Table 12.1 as the
Backcast case. The results are also very close to the actual values in most
cases for the individual sectors; the forecast of total consumption was within
3.5% of the actual value in both load centers. Given that the model is a long
run model, that forecasts of actual households and employment and to be used in
place of unknown actual data, and that the 1980 fuel mode splits, appliance
saturations, and use rates had to be used in place of 1982 values (which are
not available) the backcast performance for 1982 is very good.

The remaining discrepencies in the forecasts for the individual sectors
appear to be related to the quality of the input data. In general, however,
there are insufficient data available to determine whether the "actual" eco-
nomic data are correct until about two to three years after the fact. Alaska
"actual" data periodically undergo substantial revision. Therefore, the per-
formance of individual sectors for a short-term forecast of this type should
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TABLE 12.2. 1982 Values of Input Variables

Anchorage Fairbanks-
Cook-Inlet Tanana Valley
Households (@) 83,677 22,922
Empl oyment(2) 120,533 33,500
Electricity Prices ($/kwh)(b)
Residential 0.45 © 100
Business 0.42 095
Natural Gas Prices' ($/mcf)(b)
Residential 1.84 12.53(¢)
Business 1,61 11.08
Fuel 0il Prices ($/ga]]on)(b)
Residential 1.19 1.21
Business 1.12 1.17

(a) Forecasts by MAP model for Sherman Clark NSD case. Consis-
tent estimates of households and total employ- ’
ment are not available for 1982 from official sources.

{b) A1l prices are in nominal dollars.

(c) Propane price.

considered less important than the forecasts' long-term plausibility.The next
subsection covers the subject of long-term plausibility of the forecasts.

REASONABLENESS OF THE FORECASTS

In order to test the reasonableness of RED's Tong-term forecasts, we com-
pared the base case used in the 1983 update with three comparable long-term
forecasts. The three forecasts were: forecasts by Pacific Northwest Power
Planning Council (PNPPC) and Bonneville Power Administration for the Pacific
Northwest, an area with large electric space heat loads and rising prices; and
a forecast by Wisconsin Electric Power Company (WEPCO) for Wisconsin and Upper
Michigan, an area with relatively stable electric prices and low electric space
heat penetration. The intent was to compare forecasts from areas similar to
the Railbelt Region. The Pacific Northwest forecasts were selected because of
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the Tow electritity prices the region shares with the Anchorage Toad center,
while the Wisconsin area closely corresponds to the climate and fuel mode split
exhibited in the Railbelt.

The Pacific Northwest Power Planning Council created by an act of Congress
to coordinate and direct acquisition of generation resources in the Pacific
Northwest, prepared a twenty-year forecast of electricity demand in the North-
west. PNPPC modelled four alternate load growth scenarios {low, medium Tow,
medium high, and high) for the purposes of generation planning. We chose the
medium high scenario for comparison because it corresponds more closely to the
economic conditions expected to occur in the Railbelt.

The Bonneville Power Administration (BPA) is the marketer of all federal
power in the Pacific Northwest. BPA, due to its adversarial relationship with
the PNPPC, recently completed construction of their own forecasting tools. We
chose to examine BPA's medium scenario as it represents their assessment of the
most probable situation.

The Wisconsin Electric Power Company markets power to Milwaukee-Kenosha-
Racine Standard Metropolitan Statistical Area, plus selected counties in cen-
tral and northern Wisconsin and upper Michigan. Unlike the two Pacific North-
west organizations, WEPCO markets to a service area with relatively Tittle
electric space heating. As in the southern Railbelt, the primary fuel source
is natural gas, with electricity supplying only 4 to 5 percent of total energy
used. Consequently, there are fewer the opportunities for savings of electric
energy in conservation of building heat than exist in the Pacific Northwest.

In contrast to the Pacific Northwest, where annual residential electric
consumption in 1980 averaged 17,260 kWh per household, and 11,000 to 13,000 in
the Railbelt WEPCO customers averaged 7,240. The fact that the electric load
in the WEPCO area is mostiy not related to the thermal shell of the building is
reflected in the much higher growth rates of electricity consumption than in
the Pacific Northwest or the Railbelt. This increasing power forecast is also
caused by the assumption by WEPCO that electricity rates would rise at only 0.3
percent per year in real terms through the end of the century, much less than
in the Pacific Northwest or the Railbelt. In WEPCO's service area, it was
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assumed electricity would capture a high (40-65 percent) share of new
residential units due to its projected cost advantage over oil and gas.

Table 12.3 presents a decomposition of two commonly used metrics for the
BPA, PNPPC, WEPCO and RED forecasts: the annual growth rate in use per
employee and use per household. The RED forecasts both exhibit higher growth
rates than either of the Pacific Northwest forecasts, but lower than the rates
in the WEPCO forecast.

TABLE 12.3. Comparison of Recent Forecasts, 1980-2000

Average Percent Average Percent
Growth Rate, Growth Rate
Use Per Household Use Per Employee
Pacific Northwest Power Council - .64 14
Bonneville Power Administration -.64 -.31
Wisconsin Electric Power Company(a) 1.41 3.97
RED
Anchorage -.36 1.04

Fairbanks 0.98 - 0,93

(a) For Wisconsin Electric Power Company, the residential forecast is use
per customer.

This is the expected relationship of the forecasts. The BPA and PNPPC
forecasts assume vigorous conservation programs and rising electricity prices
in a region characterized by high market penetration of electric space heat and
water heat in both the residential and commercial sector. Furthermore, because
Pacific Northwest electricity prices have been lTow historically, there are many
opportunities available for cheaply saving large amounts of electricity. In
contrast, the Railbelt and WEPCO regions do not have as many inexpensive
opportunities to save large amounts of power, since most thermal requirements
are being met with natural gas. Furthermore, the rate of increase in
electricity prices is expected to remain low in the WEPCO region, reducing
incentives to conserve. The RED forecasts occupy a middie ground, both in
terms of base year consumption and in terms of the rate of increase in
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consumption. With moderate rates of electricity price increases and fewer
inexpensive conservation opportunities, RED shows lower rates of conservation
than the Pacific Northwest. In comparison with the WEPCO area, the Railbelt is
expected to have a declining electric share in space heat and water heat, so
the rate of increase in use per customer would be less. In addition, since
Railbelt customers on the average use more electricity than WEPCO customers and
are facing higher projected rates of electricity price increases, the
forecasted rate of increase in the rate of electricity consumption should be
lower. Based on this comparison, the results of the RED forecast, therefore,
seem to be in line with what other forecasters are predicting.

12.6

]



A

13,0 MISCELLANEOUS TABLES

Abbreviations Used

APA
AP&T
AP Admin
CEA
GVEA
GWH
HEA
kWh
KVa
MEA
MW
MWH
FMUS
SES
SQ FT

Alaska Power Authority

Alaska Power and Telephone (TOK)
Alaska Power Administration
Chugach Electric Association
Golden Valley Electric Association
Gigawatt Hour

Homer Electric Association
Kilowatt Hour

Kilovolt

Matanuska Electric Association
Megawatt
Megawatt Hour

Fairbanks Municipal Utility System
Seward Electric System

Square Foot
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TABLE 13.1. MNumber of Year-Round Housing Units by Type,
Railbelt Load Centers, Selected Years

Single Mobile
Family Duplex Multifamily Home Total

Anchorage-Cook Inlet Load Center:

(Urban)1950(Aa) 3,325 964 1,128 202 5,619
1960(b) 19.195 1,552 8033 1,783 30,563
1970(c) 21,935  3.981 14.259 6.403 46,578
1980( d) 407562  8.949 27980 10,211 87.702
1982te 47.610 9,899 31,893 11,379 100,781

Fairbanks-Tanana Valley Load Center:

(Urban) 1950(§) 1,295 166 352 2 1,815
1960(P) 6.527 671 4,547 853  12.598
1970(¢) 5.335 1,068 6.072 1,254  13.729
1980 d) 10,873  2.512 8607 2175  24.167
1982'e 12,218 2.551 8,927 2,193 25.889

Railbelt:

1950(3) 4,620 1,130 1,480 204 7,434
1960(P) 25.722  2.223 12.580 2,636  43.161
1970(c) 27.270 5,049 20,331 7.657 60,307
1980{d) 51.435 11.461 36 .587 12,386 111.869
1982'e 59.828 12,450 - 40.820 13,572 126.670

(A) Excludes Kenai-Caok Inlet Census Division, Seward Census Division,
Matanuska-Susitna Census Division.

{a) U.S. Department of Commerce Census of Housing 1950; Alaska, General
Characteristics, Table 14, These are all dwelling units.

(b) U.S. Department of Commerce Census of Housing 1960: Alaska, Table 28.
These are all housing units.

(c) U.S. Department of Commerce Census of Housing 1970: Alaska, Table 62.
These are all year-round housing units.

(d) U.S. Department of Commerce Census of Housing, 1980: STF3 data tapes.

. A1l year-round housing-units.

(e) 1980 Census, plus estimated 1980-1982 construction from Mr. Al Robinson,
economist, U.S. Department of Housing and Urban Development, Anchorage.
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TABLE 13.2.

1965
1966
1967
1968
1969
1870
1971
1972
1973
1974
1975
1976
1977
1978

1979

1980
1981
1982

Anchorage-Cook Inlet

Fairbanks-Tanana Valley

Railbelt Area Utility Total Energy and System Peak Demand

Annual Peak Load Annual Peak Load
Energy {GWh) Demand (MW) Factor Energy (GWh) Demand (MW) Factor
369 82.1 0.51 98 24,6 0.45
415 93.2 0.51 108* 26.7 0.46
461 100.8 0.52 NA NA NA
519 118.0 0.50 141* 42.7 0.38
587 124.4 0.54 170* 45.6 0.43
684 152.5 0.51 213 57.1 0.43
797 ©166.5 0.55 251* 70.6 0.41
906 135.4 0.53 262 71.2 0.42
1,010 211.5 0.55 290 71.5 0.46
1,086 225.9 0.55 322 89.0 0.41
1,270 311.7 0.47 413 108.8 0.43
1,463 311.0 0.56 423 101.0 0.48
1,603 375.4 0.49 447 117.5 0.43
1,747 382.8 0.52 432 95.8 0.51
1,821 409.6 0.51 418 100.7 0.47
1,940 444 4 0.50 402 95.4 0.48
2,005 444,7 0.51 422 93.1 0.52
2,254 471.7 0.55 452 94 4 0.55
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TABLE 13.3. Anchorage-Cook Inlet Load Center Utility Sales and
Sales Per Customer, 1965-1981

Residential Commercial-Industrial-Government

Sales Sales Per Sales Sales Per

(GWH)  Customers Customer {kWh) (GWH)  Customers Customer (kWh)
1965 174 27,016 6,425 189 3,994 47,235
1966 .194 28,028 6,937 215 4,147 51,909
1967 208 30,028 6,941 241 4,363 55,206
1968 233 34,443 6,766 277 4,804 57,715
1969 262 37,653 6,971 316 5,125 61,656
1970 309 41,151 7,517 363 5,784 62,713
1971 369 43,486 8,487 415 6,006 69,057
1972 419 47,707 8,788 473 6,420 73,704
1973 457 49,433 9,239 539 6,693 80,557
1974 494 54,606 9,044 577 7,232 79,791
1975 592 58,326 10,147 659 7,750 85,073
1976 675 62,413 10,817 769 8,789 87,598
1977 739 71,275 10,375 846 9,860 85,753
1978 841 76,999 10,928 884 10,219 186,542
1979 845 76,494 11,047 878 10,368 84,684
1980 936(2) 77,743 12,040 1,002{3) 10,629 94,270
1981 916¢®) 80,089 11,437 1,030(P) 11,021 93,458
Annual Growth
Rate 1965-81

10.9% 7.0% 3.7% 11.2% 6.5% 4.4%

{a) 1979 data used for SES.
(b) Based on 1980 MEA, 1979 SES data.
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TABLE 13.4. Fairbanks-Tanana Valley Load Center Utility Sales
and Sales per Customer, 1965-1981

Residential Commercial-Industrial-Government
Sales ‘ Sales Per Sales Sales Per
(GWH) Customers Customer (kWh) (GWh) Customers Customer ({kWh)
1965 39 8183 4,804 55.198 1,318 41,880
1966 47 8170 5,712 59.376 1,467 40,474
1967 NA NA . NA NA  NA NA
1968 61 9,344 : - 65,569 77.906 1,469 53,033
1969 77 10,023 ' 7,672 91.212 1,579 57,766
1970 91 10,756 8,418 118,560 1,388 62,797
1971 106 11,184 9,515 . 133.056 1,929 68,977
1972 121 11,487 10,529 135.873 2,002 67,869
1973 133 11,825 11,233 150.823 2,054 73,429
1974 154 13,261 11,600 161.615 2,242 72,085
1975 190 13,877 13,719 210.759 2,342 89,991
1976 194 15,419 12,561 219.175 2,530 86,630
1977 198 17,197 11,500 240,463 2,834 84,849
1978 178 17,524 . 10,153 242 668 2,854 ) 85,027
1979 169 18,070 9,344 219.335 2,795(2) 78,474
1980 160 18,054 8,890 214 .263 2,737 78,283
1981 159 19,379 8,219 224.354 2,942 76,259
Annual Growth
Rate 1965-81

9.2% 5.5 3.4 9.2% 5.1 3.8

(a) Includes 1979 estimated 70 customers for AP&T.
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TABLE 13.5.

1973
1974
1975
1976
1977

1978 -

1979
1980
1981

1973
1974
1975
1976
1977
1978
1979
1980
1981

Adjustment for Industrial Load Anchorage-Cook Inlet, 1973-1981

Total Achorage Homer Electric MW Anchorage Anchorage
Comm-Ind-Govt MWH Demand Industrial Load(3) "Commercial® Sq Ft.(b)

540,476 56,130 484,346
579,068 58,298 520,770 29,660,900
661,192 62,806 598,386 33,471,800
771,054 72,063 698,991 37,049,800
846,939 83,989 762,950 39,618,900
896,072 82,984 813,088 41,440,000
9n4,851 87,955 816,896 42,733,800
988,957 99,103 889,854 44,042,700

1,030,753 130,318 900,435 44,817,400

MWH Use/Sq Ft. kWh/SQ FT % From Previous Yr

0.0179 17.9 -

0.0176 17.6 -1.7

0.0179 17.9 1.7

0.0189 18.9 5.6

0.0193 19.3 2.1

0.0196 19.6 1.6

0.0191 19.1 -2.6

0.0202 20.2 5.8

0.0201 20.1 -0.5

{a) Commercial-Industrial Load over 50 XVA (commercial users included)

{b) Predicted value.

See Chapter 6.0.
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APPENDIX A

BATTELLE-NORTHWEST RESIDENTIAL SURVEY

To calibrate an end-use model of electricity demand; the initial number of
appliances that use electricity must be known. At the time the RED model was
undergoing initial development (1981}, there was no adequate information
available in the Railbelt concerning either residential appliance stock and
fuel mode split or uses of electricity in the commercial sector. While it did
not appear possible to collect significant useful information on the commercial
sector within project resource constraints, BNW researchers concluded that a
residential survey was both possible and desirable. This initial evaluation
was reinforced when it became clear that data would not be available from the
1980 Census of Housing on detailed housing characteristics until 1982 at the
earliest, and that reporting on appliances would be less complete than in
1970. Accordingly, plans were made to survey the residentjal sector.

Although a Tot of new information of good quality was developed in the
survey, there were several constraints on the survey process. First, the
resources available to design, test, run, and analyze the survey were extremely
limited. This precluded in-person interviews, large samples, or follow-up of
non-respondents. Second, it was not possible to stratify the survey sample,
both because there was no accurate information on types of dwellings in any
Railbelt community except Anchorage and because utility customers could not be
matched to dwelling types or demographic characteristics. To conserve project
resources for analysis, we chose to do a blind mailing of the survey instrument
with no follow-up to random samples of each utility's residential customers.
Where possible, the random mailings were done by the utilities themselves.
Where Battelle-Northwest did the mailings, random subsets of customers or
complete customers lists were supplied by the utilities to Battelle-Northwest.
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SURVEY DESIGN

Because budget limitations precluded follow-up interviewing as a means to
improve survey response rate and to check errors, it was very important to have
a survey instrument that required minimal respondent effort and time, gathered
only the least controversial and highest priority information, and was easy to
understand. GQuestions considered controversial items {income), questions
difficult to understand (insulation values or energy efficiency of appliances),
and questions requiring substantial respondent effort (estimates of annual
electrical bills) were dropped. The highest priority questions concerning
appliance stock and fuel mode split were retained. A draft of the question-
naire was sent to the Railbelt utilities and other interested parties in
Alaska, and was reviewed by several senior Battelle-Northwest researchers.
Based on their comments and the results of a pretest with uncoached clerical
staff, the questionnaire was simplified to the point that it required the
average test respondent only two to five minutes to answer all guestions. A
copy of the survey form is shown in Figure A.l.

SAMPLE SIZE AND COMPOSITION

Because of the high labar costs of selecting respondents, addressing the
majilings, and key punching and verifying the survey results, it was decided
that an acceptable level of accuracy for survey results would be plus or minus
6 percent with 95 percent confidence on the entire sample for a load center.

In order to obtain utility cooperation in mailing the questionnaire, we
considered it necessary to achieve this level of accuracy for each utility's
service area to provide them with usable data. Thus, accuracy of survey
results for load centers that contain more than one utility is somewhat greater
than the sampling error for each utility would suggest. Because of the care
taken in survey design to maximize response rate, we believed that an average
response rate of 50 percent was possible with no follow up. The desired number
of respondents was therefore doubled to obtain the number of mailings in each
utility service area. A total of 4,000 questionnaires were sent to the respon-
dents, of which 1764 usable responses were received, for an average response
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Pacific Northwest Laboratories

P.O. Box 999
Richiand, Washington U.S.A. 99352

Telephone (509)
Telex 15-2874

Alaska Railbelt Electric Power Alternatives Study

Dear Alaskan:

Battelle, Pacific Northwest Laboratories is working under contract to the
State of Alaska to help determine the future needs for electricity in the

‘Railbelt Region, and the best way to meet those needs.

Many individuals believe that the Susitna hydroelectric power project is

‘the best way. Others think that these needs can be better met by employing

coal, conservation, or some other means. First, however, we need to estimate
future electric energy needs in the Railbelt. We can only do this properly if
we know how people in the region use electricity.

That's where you can help us.

Please take a few minutes to complete the questionnaire on the other side--
it is only one page long and will take only 5 minutes or so to answer.

Why should you help? First, the information you provide will be vital in
decisions your state government will make over the next year and a half to
build or not build the Susitna project. Either way, your electricity bill will
be affected. Second, whether or not the Susitna project is built, the
confidential information you provide will help your local utility plan ways in
which to meet your future electricity needs.

Since this is an issue of such importance to you and Alaska, every response
is vital. A1l responses will be strictly confidential. There will be no way
anyone can tell who you are from your response. The results of this survey
will be published in your local newspaper.

Please respond as accurately as you can. Thank you for your cooperation.

Sincerely,

Michael J. King
Research Economist

P.S. In order for us to consider your response, you will need to return the
questionnaire within three weeks. For your convenience, you will find a
postage paid envelope enclosed.

FIGURE A.1. Battelle-Northwest Survey Form
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rate of 44.1 percent. Table A.l shows the total number of residential
customers in each utility, the number and percent surveyed, the number and

percent responding.

RESIDENTIAL

TABLE A.l. Customers, Number Surveyed, and Respondents for
the Residential Survey Battelle-Northwest

1980 Year End Customers Surveyed Customers Responding

b)

Uti]itx&il Customers! Number Percent  Number Percent
Chugach Electric {CEA) 42 ,567 530 1.2 222 41.9
Anchorage Municipal (AMPL) 13,744 522 3.8 214 41.0
Seward Electric (SES) 1,090 424 38.9 185 43.6
Homer Electric (HEA) 8,620 518 6.0 249 48.1
Matanuska Electric {MEA) 11,722 520 4.4 268 51.5
Goblen Valley (GVEA) 13,591 524 3.9 - 252 55.0
Fairbanks Municipal (FMUS) 4,463 504 11.3 156 31.0
Copper Valley (CVEA) 1,588 458 28.8 252 55.0
Total 97,385 7,000 4T 1,798 . 159
Total Used 97,385 4,000 4.1 1,764 4.1

(a) CVEA is not part of the interconnected Railbelt, since it serves
Glennallen and Valdez. This utility and load center were eventually
dropped from the analysis.

(b) Source: Alaska Power Administration. 1979 customer totals were used for
CVEA, HEA, and GVEA. Residential customers only.

MAILING PROCESS AND COLLECTION OF RESULTS

The survey questionnaire was administered in one of three ways. In some
cases the utilities randomly selected a list of residential customers and
performed the mailing. In these cases, Battelle-Northwest provided the utility
an appropriate number of mailings, consisting of the questionnaire and pre-
stamped, self-addressed return envelope. To ensure confidentiality, the ques-
tionnaire was stamped only with the initials of the utility, providing identi-
fication of the service area. No other identification of the respondent was
possible from the survey form or the return envelope. When Battelle-Northwest
performed the mailings, the utilities provided either a random samplie of
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customer addresses or their complete mailing list of residential customers,
from which a random sample was drawn. No known geographic bias was introduced
by the sampling technique. Finally, Fairbanks Municipal Utility System (FMUS)
provided neither a mailing 1ist nor mailing services to the project. 1In this
case, the Fairbanks telephone directory was used as a source of customer
addresses. Although an attempt was made to exclude addresses outside the City
of Fairbanks served by Golden Valley Electrical Association, unknown biases
were probably introduced into the Fairbanks sample by the sampling procedure.
The response rate was also signficantly lTower for the FMUS sample.

As the survey forms were received, they were coded, keypunched and veri-
fied. The raw card image data file was recorded on magnetic tape and loaded
into an SPSS data file, organized by subfiles corresponding to each utility.
The results for each utility were weighted according to the total number of
residential customers in each load center in 1980, the last year's count
available at the time the file was assembled. The weights are shown in
Table A.2.

TABLE A.2. Weights Used in Battelle-Northwest Residential Survey

Utility Weight
Chugach 2.81
Anchorage Municipal 1.17
Seward Electric .06
Homer Electric 45
Matanuska Electric .54
Golden Valley 1.21

Fairbanks Municipal .67
Copper Valley 1.00

QUTPUT

The output of the survey was organized in SPSS files and printed in
frequency distributions and standard SPSS CROSSTABS tables. An example of
typical output is shown in Figure A.2 for freezer saturation. In the figure,
712 out of 807 Anchorage area single family households are shown to have
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freezers (missing values were counted as "do not have"). The computer shows
this as 88.3 percent saturation of single family households. This percentage
was used in Table 5.8. In practice, these computer estimates were usually
modified with professional judgment; however the Battelle-Northwest survey
supplied the raw data on which the judgment was made.
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APPENDIX B
CONSERVATION RESEARCH

The Railbelt area has 1imited ability to adopt conservation measures that
would result in large-scale electricity savings. According to Tillman (1983),
past conservation in load centers like Fairbanks has been largely the result of
price increases for electricity. In addition, Railbelt utility managers
believe that future electrical conservation will be largely the result of
price, not conservation programs. The impact of conservation programs in the
Railbelt has been taken into account in the fuel mode splits, use rates, and
price effects incorporated in the 1983 update. In addition, selected conserva--
tion programs in the Lower 48 states were analyzed to determine if anything
could be learned about program impacts in the Railbelt.

An attempt was made to compare conservation of electricity in the Railbelt
with conservation effects as forecasted by four policy-making bodies elsewhere
in the United States. The goal was to obtain a range of potential energy sav-
ings due to price- and program-induced conservation and determine if such esti-
mates would be applicable (and to what degree) in Alaska. The four policy-
making bodies chosen were the Pacific Northwest Power Planning Council, the
Bonneville Power Administration, the California Energy Commission and the Wis-
consin Electric Power Company. The first three entities were chosen because
they represented regions in the Western U.S. and because conservation programs
played a signficant role in their regional planning. Wisconsin Electric Power
Company was chosen as an example of a utility in a colder climate where natural
gas was the predominant fuel source. However, Wisconsin has its peak demand
for electricity in the summer when natural gas cannot fuel air conditioning.

It became clear upon examination of the various programs that direct com-
parison of the forecasts was not possible at the end-use level nor was it pos-
sible to compare the assumptions supporting the forecasts (e.g., heating/ cool-
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ing degree days, appliance standards, etc.). The following 1list touches on
some of the differences among forecasts which made either direct or indirect
comparison difficult.

@ Definitions of conservation differed.
o Variables were not consistent across regions.
e Programs were not consistent across regions.

e Some documentation showed a lack of internal consistency in report-
ing values. '

e (One entity reported savings in peak capacity while the others
reported both capacity and energy forecasts.

® Direct comparison.of baseline, high, and Tow load growth scenarios
was not possible because of the level of conservation implied in the
forecasts; i.e., in a low demand case more conservation is assumed
than in the high demand case, or conservation instead may be assumed
in a sensitivity case.

e Savings could be projected either by program, or appliance, or end-
use sector.

In addition, each of the four Lower 48 entities quantifies the components
of conservation effects differently. The Northwest Power Council's approach is
to assume no change in technological efficiency; therefore, there is no price-
induced conservation. Conservation is treated as an energy resource. A
separate supply function (with price and program components) determines the
value of potential conservation. The difference between the forecast demand
and the supply function is the value of conservation potential. The program
and price components of the conservation increment cannot be readily sepa-
rated. Potential savings are reported at the appliance level.

The California Energy Commission also forecasts a conservation increment
in which price and program shares are not easily discernible. Part of the
program-induced savings has been quantified and double couniing of price-
induced conservation is subtracted by a 20% implicit reduction in savings
estimates. The Bonneville Power Administration forecast has both technological
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chahge and price response imbedded in their model, but only part of their pro-
gram-induced conservation is quantifiable.

The Wisconsin Electric Power Company lacks the more sophisticated end-use
models used by the other three and focuses more on the peak demand savings
potential. Trend analysis driven by population projections is used to estimate
capacity requirements. There is some conservation implicit in the demand
growth estimated by the model. For example, air conditioning efficiency
improvements are assumed, and three "adjustments" are made to total demand for
rate structure reform, solar water heat, and solar space heat; but in general,
only fragments of the conservation response are quantified.

The literature provides some idea of the energy use attributable to bud-
geted and proposed programs, however. The following subsection discusses the
separate definitions of conservation adopted by the four policy-making bodies,
the forecasts of program-induced energy savings, and the methods adopted to
avoid double counting of competing programs and double counting of price and
program effects. The last subsection looks at current estimates for Alaska and
determines whether the conservation program savings have relevance to Alaskan
forecasts. :

PACIFIC NORTHWEST POWER PLANNING COUNCIL

The Pacific Northwest Power Planning Council (PNPPC) was created in 1981
in accordance with the Pacific Northwest Electric Power Planning and Conserva-
tion Act (tﬁe Act) to encourage conservation and the development of renewable
resources in the Northwest and to assure an adequate and economical power sup-
ply. Conservation is defined by the PNPPC as the more efficient use of elec-
tricity by the consumer through replacing existing structures with electricity-
saving technologies or the use of new, more energy-efficient devices and pro-
cesses in the residential, commerical, industrial, and agricu]tura]rsectors.
The PNPPC assessments do not distinquish between price-induced conservation and
program-induced conservation. The forecast power supply estimates are based on
the high market penetration rates the PNPPC assumes for each conservation pro-
gram available under the Act. A conservation measure is assumed cost-effective
at costs below 4.0 cents per kilowatt-hour (roughly the cost of power from
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regional coal plants). Not all of the economically achievable savings can be
realized, however, due to constraints such as consumer resistance, quality con-
trol, and unforeseen technical problems. The PNPPC believes that given the
wide range of measures permitted by the Act, over 75% of the economically
achievable levels are possible (ranging from 56% for residential appliances to
100% in the industrial sector). Table B.l lists the likely conservation sav-
ings at a cost equal to or less than 4.0 cents per kilowatt hours by the year
2000. Most of the savings in the residential sector come from building shell
or hot water tank improvements. Electricity has a larger share of space and
water heating loads in the PNPPC region than it does in the Railbelt. Thus,
many of the conservation savings of electricity in the PNPPC could not be
achieved in the Railbelt.

The PNPPC decided that all technically achievable conservation estimated
for the industrial sector could be realized since the savings represented less
then 10% of the region's current industrial electricity demand. This level was
considered a reasonable goal for the industrial sector.

Including all conservation along with other available resource choices can
avoid double counting of conservation induced by prices in the demand model and
conservation counted as potential resources on the supply side. This implies
that price-induced efficiency improvements within the end-use sectors and elec-
tricity uses where conservation programs are proposed are included in resource
potential, not demand reductions. In the residential and commercial sectors
technology efficiencies were frozen at 1983 levels so that the PNPPC models
forecast future energy use as if no efficiency improvements were made. Unfor-
tunately, once a conservation program or measure is available, savings in
response to price changes cannot be separated from those derived from the pro-
gram. Running the PNPPC demand model for individual programs will quantify the
impact for each measure under a given fuel price and supply scenario.

BONNEVILLE POWER ADMINISTRATION

The Bonneville Power Administration (BPA) supplies about half of the elec-
tric power production in the Pacific Northwest. Its service area is
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TABLE B.l. PNPPC Likely Conservation Potential at 4.0
Cents/kWh by the Year 2000

Residential (kWh/household)

Existing Space Heat 854
New Space Heat 1404
Water Heating 1364
Air Conditioning 0
Refrigerators 259
Freezers 108
Cooking 15
Lighting 150
Other 229

4333

Commercial (kWh/employee)(a)

Existing Structure 1199
New Structures 825

2024

Industrial (kwh/employee)(a)
$1000-3000 subsidy/kW 655-3282

(a) Includes federal, state and local government,
transportation, communication, public utilities,
wholesale and retail trade, finance insurance,
real estate, services.

(b) Includes mining, manufacturing, and construction.
Source: Pacific Northwest Power Planning
Council, 1983, ‘

roughly equivalent to the area covered by the PNPPC power planning efforts
(Oregon, Washington, Idaho, Western Montana). Long-range electricity demand
forecasts are made by BPA to assist in utility power planning. Projections are
expressed as a baseline case to which alternative cases are added for a high-
low range of electricity consumption., Forecasts made by BPA covering the
region defined by the Pacific Northwest Electric Power Planning and Conserva-
tion Act of 1980 (P.L. 96-501) were done primarily to assist regional decision
making until the publication of the PNPPC official 20-year energy forecast and
plan in the spring of 1983,
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BPA estimates of conservation potential savings include price-induced sav-
ings and savings from existing governmental, utility, and BPA conservation pro-
grams. Conservation programs that have yet to be initiated or budgeted are not
included. Some improvements in technology efficiencies are implicitly included
as part of the consumer price response.

The types of programs represented by the base, low, and high forecasts
include the following:
e home enerqgy efficiency improvement
commercial energy efficiency improvement
street and area lighting efficiency improvement
institutional building efficiency improvement
utility customer service system efficiency improvement

support of direct application renewable resources projects.

The BPA currently sponsors weatherizing of electrically heated dwellings
(primarily retrofit of existing housing), wrapping electric water heaters,
encouraging the distribution and use of shower water flow restraints, and
installing faucet flow control devices, Tow-flow shower heads, and solar hot
water/heat pump water heater conversions. Table B.2 summarizes the savings
estimates by program for residential and commercial sectors. Currently, there
are no budgeted programs in the Industrial sector.

BPA's Office of Conservation estimated the savings from conservation
measures that could not be explicitly modeled and subtracted that amount from
computed demand. To avoid double counting of price-induced conservaton, the
measure-specific savings were reduced by 20%. Again, most savings were found
in space conditioning and water heating.

CALIFORNIA ENERGY COMMISSION

The California Energy Commission {CEC) is required by the Warren-Alquist
Act of 1974 (Public Resources Code, Section 25309) to "identify emerging trends
related to energy supply demand and conservation and public health and safety
factors, to specify the level of statewide and service area electrical energy
demand for each year in the forthcoming 5-, 12-, and 20-year periods, and to
provide the basis for state policy and actions in relation thereto...". 1In
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TABLE B.2. BPA Budgeted Conservation Program Savings
(annual kWh savings by the year 2000)

Residential (kWh/household)

Region Wide Weatherization 4 933
Low Income Weatherijzation 4,933
Water Heater Wrap 435
Shower Flow Restrictor 400
Residential Flow Control
Shower Heads 600
Faucet Heads 270
Solar/Heat Pump Water 2,200
13,771
Commercial (th/emp]oyee)(a)
Public
Heating 537
Cooling 0
Water Heating 0
Lighting 36
Other 0
Private
"Heating 916
Cooling 0
Water Heating 0
Lighting 43
Other 0
1,532

(a) Includes local and state government, trans-
portation and utilities, trade, finances,
insurance, real estate, services and con-
struction. High growth figures were used
for total number of employees.

Source: Bonneville Power Administration.
1982a. Table 5.6 and Appendix II, Table

23.
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compliance with the code, the CEC prepares a biennial report containing updated
energy supply/demand projections and a supplemental electricity report. Infor-
mation in this section reflects the fourth and most recent report (1983) in the
series.,

The CEC has adopted the following definition of conservation.

"Conservation savings from local, utility, state, and Federal
programs in place or approved, and savings resulting from private
utilization of conservation measures in response to prices, and sav-
ings from programs on which analytical work is well advanced and for
which there is a substantial 1ikelihood they will be in effect by
January 1985."

The code requires the CEC to include all conservation that is reasonably
expected to occur based on credible evidence within the framework provided by
their definition. Conservation programs and savings are categorized into three
classes: 1) conservation reasonably expected to occur, 2) additional achiev-
able conservation, and 3) conservation patential. Savings in Category 1 are
used to reduce the demand estimate. Those in Category 2 are considered to have
a moderate probability of occurring because of a higher uncertainty factor.
Category 3 includes both 1 and 2 and any other conservation thought to be cost
effective when compared to new generation sources. All conservation savings
reasonably expected to occur must be included in the CEC's adopted forecast.
Quantifying additional achievable conservation can help to establish new con-
servation programs. Table B.3 summarizes the savings reasonably expected to
occur for each program or measure., Table B.4 1ists the savings by end-use sec-
tor.

The CEC feels that because programs are the causative agent for many
measures adopted, forecasts should report savings by program. Double counting
of programs is eliminated by analyzing how specific conservation measures
affect end uses of energy and reconciling competing programs' influence on each
measure. A "sharing" structure is set up which includes effects of programs
and price fluctuations. Price- and program-induced conservation becomes "dis-
jointed." For example, in general the residential sector model does not have
price-induced savings from consumer choice of more efficient appliances,
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TABLE B.3. CEC Conservation Program E}ectricity
Savings in the Year 2002(3

Sector Demand(GWH)

Residential kWh/household
Existing Retrofit and

Programs . 391 34
1975 HCD Building Standards 2,292 201
1978 CEC Building Standards 644 57
1982 CEC Building Standards 5,108 449
1978 CEC Appliance 6,069 533
0I1-42 Programs ‘ 0 0
Other Retrofit Programs 301 26
Load Management Cycling 1,160 102
15,965 1,403
Commercial kWh/employee
1978 CEC Building Standards 6,011 549
1983 CEC Building Standards 1,083 99
1983 CEC Equipment Standards 1,057 97
Schools and Hospitals 234 21
Load Management Audits 1,683 154
Other Commercial 1,846 169
11,914 1,088

Industrial
1978 CEC Building Standards 323 97

(a) Reasonably expected to occur. Street lighting and agriculture sectors
excluded.

Source: California Energy Commission 1983, Table 3-IV-1,2,3. Household
and employment projections used were taken from U.S. Department of Com-
merce, Bureau of Economic Analysis, 1980 Regional Projections. Households
at 11,377 ,270: commercial employment at 10,950,677; industrial employment
at 3,321,917.
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TABLE B.4. CEC Potential Energy Savings by End-Use
Sector by the Year 2002

Sector GWh kWh/HH or employee
Residential 23,313 2,049
Commercial Bldg 12,849 1,173
Other Commercial 1,593 145
Street Lighting 983 86
Process Industry 0 0
Assembly Industry 4,985 ) 1,501
Extraction Industry 0 0

Total 43,723 NA

Source: California Energy Commission, Volume I Technical Report, 1982,
Table 3-7. Agriculture not included.

but estimates savings based on mandatory standards. In the commercial sector,
CEC loan management audits compete with price to motivate customers to make
efficiency improvements. However, as more programs are introduced this separa-
tion becomes more difficult. Once again, heavy reliance is placed on building
shell improvements to achieve conservation of electricity. |

WISCONSIN ELECTRIC POWER COMPANY

The Wisconsin Electric Power Company (WEPC) is an investor-owned utility
serving the Milwaukee, Kenosha, and Racine Standard Metropolitan Areas, Central
and Northern Wisconsin, and the Upper Peninsula of Michigan. Wisconsin's pri-
mary fuel source (70%) has been natural gas since 1977. Electricity accounts
for only 4 to 5% of total energy used. WEPC has adopted a very broad defini-
tion of conservation, covering not only more efficient end use of electricity
but also energy saved at the supply and conversion levels, e.g., fuel switch-
ing, time-of-use rates, load management, etc., although load management was not
modeled. It should be noted that there is currently an on-going debate between
WEPC and the Wisconsin Public Services Commission regarding this definition.
Basically the problem centers around WEPC's desire to raise rates to pay for
programs they define as conservation measures. The Commission uses the defini-
tion of improvement in efficiency of energy end use by the customer. The Com-
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mission feels that WEPC emphasizes load management over incentives to the cus-
tomer and thereby serves the company objectives first.(a) WEPC counters with
the following argument:

“Staff has been critical of Wisconsin's Electric's perspective
on conservation. It is true that Wisconsin Electric has viewed con-
servation in context of the over-all planning process. That process
seeks to anticipate and influence Toad patterns in order to maximize
efficiency and maintain financial strength with the ultimate purpose
of insuring that reliable service can be delivered at the lowest
reasonable cost. The encouragement of efficient end-use of electri-
city contributes to the achievement of planning goals to the extent
that peak use is constrained. It may be detrimentaz Fo the extent
that it results in inefficient plant utilization." b

Two points about this controversy are important to this study. First,
total state or regional energy planning will be less efficient until a unified
policy position is adopted. Such a situation occurred in the past between BPA
and PNPPC and was resolved through guidelines provided by the Regional Power
Act. Second, the WEPC conservation forecasts will include end-use efficiency
improvements, price-induced and program-induced conservation, and energy sav-
ings from fuel switéhing.

WEPC uses trend analysis to estimate peak demand. The WEPC system is pri-
marily concerned with providing adequate capacity and their modeling effort
reflects that concern; there is very little disaggregation at the end-use
level., The energy forecast is derived directly from demand and contains some
conservation from an implicit reducticn for improved air conditioning effi-
ciencies. Then, adjustments in hourly energy use for rate structure reform and
solar water and space heat are made. These adjustments are summed for monthly
and annual energy forecasts. The adjustments were allocated to each sector in
the following manner:

(a) Post Hearing Brief on Docket 6630-ER-14.

(b) Hearings before the Public Service Commission of Wisconsin Docket 6630-
ER-14. "Application of Wisconsin Electric Power Company for Authority to
Increase Rates for Electric Service Based on Projected 1983 QOperations,"
1982.
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e rate structure reform to general secondary (commercial)
® solar to residential

o air conditioning efficiency improvements to residential and general
secondary according to the percent of the efficiency reduction at
summer peak demand attributable to each sector (62% residential, 38%
commercial).

Table B.5 presents the energy savings by customer for the year 2000.
Energy savings per household or employee were not available.

TABLE B.5. WEPC Conservation Potential by the Year 2000 {Base Case)

Sector Savings
Residential 13 kWh/customer
General Secondary 447 kWh/customer
(commercial)

Source: Number of customers from
Response to Item 7 of the Public Ser-
vice Commission of Wisconsin Docket
6630-ER-14 Regarding Conservation.
Estimated savings from Wisconsin Elec-
tric Power Company 20-year Demand and
Energy Forecast 1981-2000,

Table 2-1.2. Air Conditioning load
reduction developed from Table 1-3.1
and Table 2-1.4,

These conservation estimates represent only part of the total potential.
Although the air conditioning component includes price response, the solar and
rate structure components do not. The forecast does not include reductions for
improved efficiency in other appliances. Double counting occurs in adjusting
for improved appliance efficiency resulting from federally mandated standards
and the associated response to the econometric pricing assumptions. WEPC
avoided double counting {or rather discounted for it) by not quantifying
separate adjustments for baseload and water heating efficiencies.

B.12
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ALASKAN RAILBELT

The State of Alaska, various utilities in the Railbelt region, and the
Municipality of Anchorage have implemented energy conservation programs that
include measures for conserving electricity that have already reduced electri-
city consumption.

Major conservation programs currently available in the Railbelt include
the State Division of Energy and Power Development energy audit and 1pan (DEPD)
program; the Golden Valley Electric Association program (primarily education in
support of the market place); similar education programs by the Chugach Elec-
tric Association and the Fairbanks Municipal Utility System; and the City of
Anchorage Program involving audits, weatherization, and educational efforts. ;
The Golden Valley program was partly responsible for a reduction of electricity
use in this Fairbanks service area from 17,332 kWh/household in 1975 to 9303
kWh/household in 1982 (see Table B.6). In the past, however, the DEPD program
has been the most extensive with an estimated 24% of all Railbelt houses having
had an energy audit performed. The program has saved an estimated average of
1,582 kwh/year of electricity per Alaska household, with electricity equaling
about 18% of total energy savings from the program. No reliable data on DEPD
program electricity savings are available in the Railbelt load centers.

According to Tillman (1983), almost all of the Railbelt programs have been
aimed at the residential sector, with conservation in the commercial and indus-
trial sectors being accomplished primarily through market conditions. Price-
induced conservation is then more easily distinguishable in those two
sectors. In the AML&P program, total conservation potential through 1987 has
been disaggregated into program- and price-induced components (see Table B.7)
with approximately a 40 and 60% share, respectively. For a breakdown by pro-
gram, see Table B.8.

Tillman indicates that price-induced electricity conservation will be more
important in the future than programmatic conservation for the following
reasons: '
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TABLE B.6. Average Annual Electricity Consumption per
Household on the GVEA System, 1972-1982

Annual Monthly

Consumption Consumption Percent
Year (kWh) {kWh) Change
1972 13,919 1,160 +5.6
1973 14,479 1,207 +4.0
1974 15,822 1,319 +9.3
1975 17,332 1,444 +9.5
1976 15,203 1,267 -12.3
1977 14,255 1,188 -6.2
1978 11,574 965 -18.8
1979 10,519 877 -3.1
1980 9,767 314 -7.1
1981 9,080 757 -7.0
1982 9,303 775 +2.5

Source: GVEA, as reported by Tillman {1983).

® [t has the dominant share of impacts.

® Subsidized audits and investments programs for residences are being

phased out.

e Practical impact 1imits are being achieved in institutional build-
ings and systems programs.

® Current plans for future programs are predominantly educational pro-
grams designed to support price or market-induced conservation.

TilTman (1983) notes that two miscellaneous AML&P programs are expected to
save considerable electric energy by the year 1987. These are street 1ighting
improvements, whose impact is taken into account in Section 9.0, and heating of
the Anchorage municipal water supply to reduce the electricity use of water
heaters. The water heater impact is factored into the use rates for Anchorage
water heaters in Section 5.0

In attempting to determine the Tevel of conservation potential, the ques-
tion arises as to whether further investment in energy-savings programs
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TABLE B.7. Programmatic Versus Market-Driven Energy Conservation

Projections in the AML&P Service Area

Cg;ogrammgtifa) Market Driv?g) (a)

servation Conservation Total
Year (MWh) (% of Total) (MWh) (%) (MWh) (%)
1981 12,735 39.5 19,558 60.5 32,294 100
1982 19,609 34,9 27,243 65.1 46,853 100
1983 20,896 37.1 35,374 62.9 56,289 100
1984 27,619 41.1 39,560 58.9 67,133 100
1985 30,195 40.4 44,536 59.6 74,730 100
1986 32,614 40.6 48,133 59.4 81,015 100
1987 35,421 41.0 50,940 59.0 86,363 100

Cumulative 179,089 40.3 265,344 59.7 444,677

(a) Detail does not add to total in the orginal.

included:

Residential MWh/yr
Weatherization 536
State Programs 879
Water Flow Restrictor 200
Water Heat Injection 3,921

. 5,586

Industrial

Boiler Feed Pumps 7,148

Source:

Planned conservation programs include hot water

1981 programs

kWh/Customer

42
63
14

281
400

2298

wraps in the residential sector and street light
conversion and utility transmission conversion in
The number of customers was
provided by the 1982 Alaska Electric Power Statis-
tics of the Alaska Power Administration.

(b) 1981 Price elasticity effects equaled 19,558 MWh/yr,

the commercial sector.

AML&P 1982.
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TABLE B.8. Programmatic Energy Conservation Projections for AML&P (MWh/yr)

Program 1981 1982 1983 1984 1985 1986 1987
Weatherization 586 762 938 1,114 1,290 1,466 1,641
State Programs 879 1,759 2,199 2,683 3,078 3,518 3,737
Water Flaow 200 464 454 464 464 464 464
Restrictions
Water Heat 3,922 3,922 3,922 3,922 3,922 3,922 3,922
Injection
Hot Water NA NA 249 249 249 249 249
Heater Wrap
Street Light 0 555 1,859 3,307 4,788 6,306 7,861
Conversion
Transmission 0 0 4,119 8,732 9,256 9,811 10,399
Conversion
Boiler Pump 7,148 7,148 7,148 7,148 7,148 7,148 7,148
Conversion
TOTAL 12,735 14,609 20,89 27,619 30,195 32,614 35,421
% Change From NA 14.7 43.0 32.2 9.3 9.8 8.6

Previous Year

Source: AML&P, as reported by Tillman (1983).

would be cost effective. An investigation of program-induced versus price-
induced conservation forecasted by other regions could indicate if current mar-
ket penetration levels in the Railbelt are realistic. Unfortunately, as we
have seen, total separation of price and program effects forecasted by PNPPC,
BPA, CEC, and WEPC has not yet been achieved. We have some indication that
these forecasts do show programmatic contributions by the year 2000 in residen-
tial commercial, and industrial sectors. However, the extent to which techni-
cally achievable conservation 1imits can be approached in Alaska through
programs and what proportion would be due to market actions is not clear. 1In
general, because of differences in housing stock, fuel mode splits, fuel
prices, climate, and other factors, forecasted program savings for other
regions may have only limited relevance for the Railbelt.
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APPENDIX C

RED MODEL QUTPUT

This appendix displays selected RED model output produced for the 1§83
update. Included in the following tables are information on the number of
households served by electricity in each l1oad center, housing vacancies, fuel
price forecasts, electricity used per household and per employee, as well as
sunmaries of price effects and programmatic conservation, annual electricity
requirements by sector and load center, and total peak demand. The figures
presented in these tables are at the point of sale and include estimates
supplied by Harza-Ebasco of mi]ﬁtary and industrial demand. They do not
include an adjustment for transmission losses. However, for the 1983 update of
the alternative generation plans these reported figures were adjusted for
transmission losses.

C.l



LIST OF TABLES

H'lz-_SHERMAN CLARK NO SUPPLY DISRUPTION...........oo.c.cco..oco ..... eee e

Households Served, Anchorage - Cook InTet.ceeecececane tesssesesssssse
Households Served, Greater FairbankS..cesececeecccccess cescscasssssras

Housing Vacancies, Anchorage - CoOK Inlet.csecececsccesscccsccccasanne
Housing Vacancies, Greater FairbankS.ceeeseeeeecesacescssaccosssaccas
Fuel Price Forecasts Employed, Electricity ($/kWh).ueesessonssoeences
Fuel Price Forecasts Employed, Natural Gas ($/MMBtu) ...ceeecroccccnns
Fuel Price Forecasts Employed, Fuel 01l ($/MMBtu)....................

Residential Use Per Household (kWh) (Without Adjustment
for Price), Anchorage - Cook INTel.seeeerececececocnscocssossccccccsass

Residential Use Per Household (kWh) (Without Adjustment
1F0r Price), Greater Fairbanks........................I......Q.....0.0

Business Use Per Employee (kWh) (Without Large Industrial)
(w‘ithout Adjusment for Price)..............".........I....'.\....I..'

Summary of Price Effects and Programmatic Conservation in
Gwh, Anchorage- Cook In]et........l..............n....l.lﬁl.........

Summary of Price Effects and Programmatic Conservation in
GWh, Greater Fairbanks................l.............l.l.....l..ll!.l.

Breakdown of Electricity Requirements (GWh) (Total Includes
Large Industrial Consumption), Anchorage - C00K INTefeeseeeeccccncene

Breakdown of Electricity Requirements (GWh) (Total Includes
Large Industrial Consumption), Greater FairbankS.eeeecesecescscceccascs

Total Electrical Requirements (GWh) (Net of Conservation)
{ Includes Large Industrial Consumption) Medium Range (PR = .5)eveceec.

Peak Electric Requirements (MW) {Net of Conservation)
{Includes Large Industrial Demand) Medium Range (PR = .5)cecececcenes

HEB--DOR AVG SCENARID.....o.-..-.o.o-..o.....o..o..o.........-..-.o-.....o
Households Served, Anchorage - CoOK INT@t.eeececescccecasscsasccaacas .

Households Served, Greater FairbankS.eeescescecesceccnccctscassccase .o

C.3

c.1l1
c.13
c.14
c.15
C.16
C.17
Cc.18
c.19

€.20

c.21

.22

c.23

c.24

€.25

C.26

c.27

€.28
C.29
€c.31
€.32



Housing Vacancies, Anchorage - Co0k Inleteeeeeococcccssconcascocncons
Housing Vacancies, Greater FairbankSeceecesecscscecescascasessccssoocss
Fuel Price Forecasts Employed, Electricity ($/kwh)................,..
Fuel Price Forecasts Employed, Natural Gas ($/MMBLU)..scececseccecses
Fuel Price Forecasts Employed, Fuel 0il ($/MMBtu)................,...

Residential Use Per Household (kWh) (Without Adjustment
for Price), Anchorage = COOK INTet.ceecsccecocoscssccscoccocssscconss

Residential Use Per Household (kWh) {Without Adjustment
for Price)’ Greater Fairbanks....."G.....U...‘....B......‘,...I.l..G

Business Use Per Employee (kWh) (Without Large Industrial)
(without Adjustment for PriCe)............‘.....'...O‘.l..._"....‘.‘.

Summary of Price Effects and Programmatic Conservation in
Gwh’ Anchorage_ Cook In]et..0.......‘.‘............‘.QG...I“l......

Sunmary of Price Effects and Programmatic Conservation in
GWh, Greater Fairbanks.................‘.l.......l.‘..‘.ﬁ..l.‘.....el

Breakdown of Electricity Requirements (GWh) (Total Includes
Large Industrial Consumption), Anchorage - Cook Inlet.ceicececescosaas

Breakdown of Electricity Requirements (GWh) (Total Includes
Large Industrial Consumption), Greater FairbankS.eeeesessscesscscanes

Total Electrical Requirements (GWh) {Net of Conservation)
(Includes Large Industrial Consumption) Medium Range (PR = .5)cececss

Peak Electric Requirements (MW) (Net of Conservation)
(Includes Large Industrial Demand) Medium Range (PR = .5)cececcocacss

HEG==DOR 50%ceececescesescsesscessccsascescosssosacscsacssacasscscsssssacasss
Households Served, Anchorage - CoOK InTel.ceecescsacescccccccoencanss
Households Served, Greater FairbankSeeceeececcccessssecosscenscsncscens
Housing Vacancies, Anchorage - CoOk Inlteteeeecceccesccecessscsccscnacs
Housing Vacancies, Greater FairbDankSeeeeecesscossecssrscccssscassssans
Fuel Price Forecasts Employed, Electricity ($/kWR) ceeenccecesconncnns

Fuel Price Forecasts Employed, Natural Gas (3/MMBtU)ecicrescscancncss

C.4

C.33
C.34
C.35
C.36
C.37

c.38

€.39

c.40

C.41

€.42

C.43

C.44

C.45

C.46
C.47
€.49
C.50
€.51
C.52
C.53
c.54



ey

Fuel Price Forecasts Employed, Fuel 01 ($/MMBtU) ceeeecesaosasecanane

Residential Use Per Household (kWh) (Without Adjustment
for Price), Anchorage - COOk InTeteesecesasscscoscscassccacacsnconsss

Residential Use Per Household (kWh) {Without Adjustment
fror Price), Greater Fa‘irbanksoQ.......Q.Ol...'...........l...........

Business Use Per Employee (kWh) (Without Large Industrial)
(WT.thOUt AdeStment for Price).O.O..O.OO.......Q.O....'O..l".".'..c

Summary of Price Effects and Programmatic Conservation in
E;Nh, Anchorage—cook In]et.,"'.......Q...0.0.0l..............'..o..

Summary of Price Effects and Programmatic Conservation in
E;wh, Greater Fa]‘rbanksn..O..O.....I......"...............O.I.......l

Breakdown of Electricity Requirements (GWh) (Total Includes
Large Industrial Consumption), Anchorage - CooK Inlet..eeceeececacees

Breakdown of Electricity Requirements (GWh) (Total Includes
Large Industrial Consumption), Greater FairbankS.seessesecesccacoscaas

Total Electrical Requirements (GWh) (Net of Conservation)
{Includes Large Industrial Consumption) Medium Range (PR = .5).eee...

Peak Electric Requirements (MW) (Net of Conservation)
(Includes Large Industrial Demand) Medium Range {PR = 5).eeeececocces

H10==DOR 30%cceeesesececcacccscacscscacscscacasossssscscasassossoscssnnass
Households Served, Anchorage - Cook INnTeteeeeeececcescccescccccoscasnse
Households Served, Greater FairbanKkSeiececeesescscscesscccecvasscsconcns
Mousing Vacancies, Anchorage - Cook Inlet.eceesecccecesesccceacsscnocce
Housing Vacancies, Greater FairbankSeeeceececeececcesoenscssasescsanssse
Fuel Price Forecasts Employed, Electricity ($/KWA) ceveeeneeocoeacanes
Fuel Price Forecasts Employed, Natural Gas ($/MMBLU).ceeeeercocoennes
Fuel Price Forecasts Employed, Fuel Qi1 ($/MMBtu)..... Cteccesctcesane

Residential Use Per Household (kWh) (Without Adjustment
for Price), Anchorage = COOk INTete.eececosesvscccascsccsccccansacens

Residential Use Per Household (kWh) (Without Adjustment
for Price), Greater FairbankS.e.eeececeocccsesseas cessssans cessesanns

C.5

C.55
C.S6
C.57
C.58
c.59
C.60
C.61
C.62
€.63

c.64
C.65
C.67
C.68
c.69
c.70
C.71
C.72
C.73

C.74

C.75



Business Use Per Employee (kWh) (Without Large Industrial)
(without Adjustrnent for Pr‘ice)....'......'..Gﬂl..............lU.l..lD

Summary of Price Effects and Programmatic Conservation in
GWh, Anchorage - COOK Inlet.ceeeescssssccscscsescosescansscssscaosssnanc

Summary of Price Effects and Programmatic Conservation in
Gwh’ Greater Fairbanks......‘..l....l‘l..l‘l..O'IIOOQQDQ.l.l...!!...l0

Breakdown of Electricity Requirements (GWh) (Total Includes
Large Industrial Consumption), Anchorage - CoOk InTet.ececcessccceccess

Breakdown of Electricity Requirements (GWh) (Total Includes
Large Industrial Consumption), Greater FairbankSeceesceseccscccsccseas

Total Electrical Requirements (GWh}) (Net of Conservation)
(Includes Large Industrial Consumption) Medium Range (PR = .5)iececes

Peak Electric Requirements (MW) (Net of Conservation)
(Includes Large Industrial Demand) Medium Range (PR = .5)cccoccecness

HI3==DRI SCENARID.ceeeneeeecececescossscacaccsncsasansssconscoanccosscoscsss
Households Served, Anchorage - Co0k InTeteeeccecsccencscscossscasensss
Households Served, Greater FairbankS.ccecessecsccecsssscccscscccnccnss
Housing Vacancies, Anchorage - Co0k Inletieecececeecccsnccoccacscanes
Housing Vacancies, Greater FairbankS..eeeeescescceceecacasossccocacseo
Fuel Price Forecasts Employed, Electricity ($/kWh)eeeecesocecascecnnss
Fuel Price Forecasts Employed, Natural Gas ($/MMBtU).eeeecececocansss
Fuel Price Forecasts Employed, Fuel O0i1 ($/MMBLtU)eeiceceecencasccacans

Residential Use Per Household (kWh) (Without Adjustment
for Pr‘ice)’ mchorage- Cook In]et............................llo....

Residential Use Per Household (kWh) (Without Adjustment
for Pr‘ice), Greater Fair‘banks.'.'...l.l.....'l..........Ql......ﬂa.i.

Business UUse Per Employee (kWh) (Without Large Industrial)
(Nithout Adjustr“ent fOr PrT’Ce)...........Q.....Q................l...O

Summary of Price Effects and Programmatic Conservation in
Gwh, Anchor‘age-’ Cook In]et..ﬂ.e..l..Q..l!....0....‘..........l..l.c.

C.6

C.76

c.77

c.78

C.79

€.30

€.81

€.82
c.83
C.85
C.86
c.87
c.88
€.89
€.90
c.91

.92

€.93

c.94

€.95



Summary of Price Effects and Programmatic Conservation in
[;wh, Greater Fairbanks.l...............I.ll.l.l.....l..l.ll...‘l..... C.96

Breakdown of Electricity Requirements (GWh) (Total Includes
Large Industrial Consumption), Anchorage - Cook Inlet.ieeeecesesssnsss C.97

Breakdown of Electricity Requirements (GWh) (Total Includes
lL.arge Industrial Consumption}, Greater FairbankSeeesesececceccscsesss £.98

Total Electrical Requirements {GWh) (Net of Conservation)
(Includes Large Industrial Consumption) Medium Range (PR = .5)....... C.99

Peak Electric Requirements (MW) (Net of Conservation)
(Includes Large Industrial Demand) Medium Range (PR = .5)eeeececeese.C.100

HEG==FERC +2% ccsececcscsoenscsosssssssnssscssscssscassosssscsccescssesesesColll
Households Served, Anchorage - Cook Inlet.eeeeeececcecccccscescnsecesesCal3
Households Served, Greater FairbankS..eeceeseessccsescessscocecnseneseesCalld
Housing Vacancies, Anchorage - COOK Inleteeeeesccescocsccssccsscensaelal05
Housing Vacancies, Greater FairbankS..ceecececccceccscccsssssscnosseslelOb
Fuel Price Forecasts Employed, Electricity ($/kWN) eeveeeeceocaneensssC.107
Fuel Price Forecasts Employed, Natural Gas ($/MMBtu)........;........C.108
Fuel Price Forecasts Employed, Fuel 0i1 ($/MMBLU)eeeeeeecsscecanoncesalol09

Residential Use Per Household (kWh) (Without Adjustment
for Price), Anchorage = COO0k INTet.eeeceescssescssocscscssoscanseasesslalll

Residential Use Per Household (kWh) (Without Adjustment
for Price), Greater Fairbanksoﬂ.............'...........l............C.lll

Business Use Per Employee (kWh) (Without Large Industrial)
(Without Adjustment fOr PriCe)eceeeececsccssssscscoscoscsscocasnsscaselall?

Summary of Price Effects and Programmatic Conservation in
Gwh, Anchorage— Cook In]etOCI.........-.....I...........Q..l........C.113

Summary of Price Effects and Programmatic Conservation in
GWh, Greater Fa.irbanks............................'l.........l..l....C.114

Breakdown of Electricity Requirements {(GWh) (Total Includes
Large Industrial Consumption), Anchorage - Cook InTet.eeeiesessssesesC.115

Breakdown of Electricity Requirements (GWh) (Total Includes
Large Industrial Consumption), Greater FairbankSe..ececesesecessceesesC.l16

C.7



Total Electrical Réqhirements (GWh) (Net of Conservation)
(Includes Large Industrial Consumption) Medium Range (PR = .5).......C.117

Peak Electric Requirements (MW) (Net of Conservation)
(Includes Large Industrial Demand) Medium Range {PR = .5)iuececececcsC.118

HEG==FERC 0% cecceseseacsssccaasaseascscosescsossnsscsscscaasnasaoccasassccCalld
Households Served, Anchorage - Co0k Inlet.ceeecceessccoconceccacnsceaeslal2l
Households Served, Greater Fairbanks.........:a......................C.IZZ
Housing Vacancies, Anchorage - COOK Inleteceececececcocsvcccacsoascaslal?3
Housing Vacancies, Greater FairbankS.eeecoeecsscosececccsoocccccocssssCalld
Fuel Price Forecasts Employed, Electricity ($/kWn)eieececeeeceececsesC125
Fuel Price Forecasts Employed, Natural Gas ($/MMBEU) covcocceoncnasosalal2B
Fuel Price Forecasts Employed, Fuel 01 ($/MMBEU).eeeucecccsscoscasoalel2?

Residential Use Per Household (kWh} (Without Adjustment
for Price), AnChOrage_ Cook In1et...................I...............C.lzs

Residential Use Per Household (kWh) (Without Adjustment
for PriCe)’ Greater Fairbanks..le..............‘......'..00.0‘6....0..C.129

Business Use Per Employee (kWh) (Without Large Industrial)
(without Adjusment for Pr‘ice)....D..............l.l...........E&D..QC.13O

Summary of Price Effects and Programmatic Conservation in
GWh, Anchorage_ Cook In]et...........0.................G.l..........c.lBl

Summary of Price Effects and Programmatic Conservation in
GWh, Greater Fair‘banksolltol...l....0..l...l......................l..c.132

Breakdown of Electricity Requirements (GWh) (Total Includes
Large Industrial Consumption), Anchorage - Cook Inlet..eceeeceeceesssCel33

Breakdown of Electricity Requirements (GWh) (Total Includes
Large Industrial Consumption), Greater FairbankS.ceceececesesecseesesC.134

Total Electrical Requirements (GWh) (Net of Conservation)
(Includes lLarge Industrial Consumption) Medium Range (PR = .5)¢eesessCo135

Peak Electric Requirements (MW) (Net of Conservation)
(Includes Large Industrial Demand) Medium Range (PR = .5)cceceencsscesC.136

c.8

o,



Fs

HE7--FERC -l%oo.oooooooooooo.‘oo.o.o.o..o.ooo..oooooooo..oo.oo.oon‘onooo..C.l37

Households Served, Anchorage - COOK InTel.sesececsscsaccscsssascncaaslal3l

Households Served, Greater FairbankS..eeeee.

Housing Vacancies, Anchorage - Cook Inlet......

o0 s0c0 o000

€ 00 0000800000008 0000300

...C.14O

o‘..‘o.oonoC.l4l

Housing Vacancies, Greater FairbankS.ceeescescesccesscesssssscosssocsasCoeld?

Fuel Price Forecasts Employed, Electricity (3/kWh)eeeiereesesaneassasClldl

Fuel Price Forecasts Employed, Natural Gas ($/MMBtU) eeeeeeeceesseaassColds

Fuel Price Forecasts Employed, Fuel 0i1 ($/MMBtu).ecceeccccsacsceceosl145

Residential Use Per Household (kWh) (Without Adjustment

for Price)’ AnChorage- COOk In]eto...O‘..ool..oo.‘....o.c..o..‘0.‘..00146

Residential Use Per Household (kWh) (Without Adjustment
for Price)’ Greater Fa]’rbanks......‘..‘..............“..

Business Use Per Employee (kWh) (Without Large Industrial)
(Without Adjustr“ent for Price).............“‘.‘...‘...‘.‘..‘....‘.D.C.148

Summary of Price Effects and Programmatic Conservation in

Gwh, AnChOrage - COOk InIetco‘oo‘o.coooooooo‘eoocoooooooc‘oo;ooooo-

Summary of Price Effects and Programmatic Conservation in
GWh, Greater Fairbanks..’OO..0000.0.0ll...l.‘.’.‘....l..“I.0.00‘.I.ICOISO

Breakdown of Electricity Requirements (GWh) (Total Includes

..(.....‘.D..C0147

..C.149

Large Industrial Consumption), Anchorage - Cook Inlet.cececcesseessssCelbl

Breakdown of Electricity Requirements (GWh) (Total Includes

Large Industrial Consumption), Greater FairbankS..eececeecececcesceessl o152

Total Electrical Requirements {GWh) (Net of Conservation)
(Includes Large Industrial Consumption) Medium Range (PR = .5).......C.153

Peak Electric Requirements (MW) (Net of Conservation)
(Includes Large Industrial Demand) Medium Range (PR =

HE8‘”FERC -2%0ooooo‘.oooooo‘ooooooooooo.ooooooooo

Households Served, Anchorage - Cook Inlet..c..

Households Served, Greater Fairbanks.

e 00000000

Housing Vacancies, Anchorage - Cook Inlet.cessccesesccccoss

c.9

~

.5)00...0.0.-0.C0154
eese C.155

LI 3] 0C0158

0000C0159



Housing Vacancies, Greater Fairbanks...cececeee tesscesecssecesccrncee C.160
Fuel Price Forecasts Employed, Electricity ($/kWh)eeeeeeecsacsecacaceC.1bl
Fuel Price Forecasts Employed, Natural Gas (3/MMBLU)eeeeeececocenecesC.162
Fuel Price Forecasts Employed, Fuel 0il ($/MMBtu).................;..C.163

Residential Use Per Household (kWh) (Without Adjustment
for Price), Anchorage - COOK INlet.eeesececcsssccosccccscssacecnssseslslbd

Residential Use Per Household (kWh) (Without Adjustment
for Price), Greater‘ Fa‘irbanksl"......'.OOO0.0G'COQOIIOOOOIOIBUB.'.OBC'165

Business Use Per Emp]oyeé (kWh) (Without Large Industrial)
(without Adjustment for Price)elo...a.aaacooa-...e.eo..:owc."'ao-.ooC.166

Summary of Price Effects and Programmatic Conservation in
Gwh, Anchorage- Cook In]et.....e...."..O.Q...........'00..'.'I.O..EC.167

Summary of Price Effects and Programmatic Conservation in
Gwh’ Greater Fairbanks.-aaoaaaaa-oo-e.-a.-ae-aae-aoaee.o.ewa-ae-cenennC-lGB

Breakdown of Electricity Requirements {GWh) (Total Includes
Large Industrial Consumption), Anchorage - Cook Inlet..ececesecsceessCol69

Breakdown of Electricity Requirements (GWh) (Total Includes -
Large Industrial Consumption), Greater FairbankS..eeecececessosnsseesCal70

Total Electrical Requirements (GWh) (Net of Conservation)
(Includes Large Industrial Consumption) Medium Range (PR = «5)eesee..C.171

Peak Electric Requirements (MW) (Net of Conservation)
(Includes Large Industrial Demand) Medium Range (PR = .5)ececececceesslel72

c.10

o



H12--SHERMAN CLARK NGO SUPPLY DISRUPTION

C.11



(ovo°e )
‘n21ESY

(000°¢ }
*iw98Ll

(000°0 )
‘eosial

(000’0 )
*neolil

(oo0°0 )
“ns0L01}

(o000 J
‘i56l0

(voo*o )
*g08V4

Tvios

(000°0 )

LT .

{(000°0 )

*uile

(0o00°0 )

‘ezos

(000°0 )

M 141]

{ono*o0 )

*o9n8g

(000°0 )

1950

(0600 )

*oent

LI 1L Y1 L Y Y Y B3]
§3X3dN0

(000"0 )
BEITY
(000°0 }
‘ontld
(000°0 )
T L)
(000%0 )
*Iheri
{oov°o )
*508fE1
{000°0 )
*gseul
(o000 )
‘LEey

S3NW0OH ATT60W

{oov*o )
‘Linon
(0ou*0 )
‘wiiof
{oho*o )
11431
(voo‘u )
*Ifped
(000°0 )
*ohg9e
(onp*o )
*no29e
(voo*o )
‘nigoe
ATEWVIATIL W

L3N] NOO] = FIVHOHINY

Q3AH3B BUTOHIENOH

(oo )
“§nitEg
(anu®o }
‘LLisL
(voo®0o . )
‘zlu6Y
(poo°v )
S YYLLN
(000°0 )
‘onias
(on0®0 )
‘neaan
(oo0°0 )
*iLnst

AVInY4 A09ulE

oro2

sobe2

o002

S661

Oobl

Sgol

0ol

dvih

£861/702/79==NO1LdNYSTICQ ANddNE DN MUY NYWNIHB==2TH & a3w JOLHVYNIDS

€.13



(eo0'0 ) (o0o00*0 ) (vo0®0 ) (0o00°0 ) (ono*o )
*ho29g ‘nEse ‘EL9n 2194 LTy (3T H]
(000°0 ] 000°0 ) (000°0 ) (oou*o ) (v00°0 )
LTS 122 ‘o2 *1y9e *i18e6ll 5002
OTT AL )} {000°%0 ) (000°0 ) (000*0 ) (euo*0 )
"nLEOE ‘g2 *eneg LTV *gas9l 0002
{vo0°0 ] (000°0 ) (000°0 ) (vog*o ) (0000 )
NITLT ‘e8L2 “pafe “Ihel *ofinl Se6l
(000°0 ) (000”0 ) (000°%y ) (0600 ) (000°0 )
*egine *sif2 *oLe? ‘096l *valty 0661
' toou"o ) (o000°0 ) (o00°0 ) (00u*0 ) (oo0o®0 )
*Lonog 5Ll ‘ogie _ *L9vuS *9n901 sgsl
{000°0 ) (o0o0*0 ) (000°0 ] (000°0 ) (v00°0 )
*$1ES1 *L191 ‘et .snmm ‘022t 0gel
LT Y 1 P YT Y Y L) LI I YT YL YL LY ] TepoatseneenAn cudasssaRNGLee LY T T LYY YY Y T} LY L L1
dviol £3X37dN4Q S3OH ANT80H AVInY4LLINNH Allnvd 3TONIS HY3A

SHNYHHIYS HIALYIND

U3AY3E SUTUHABNHOH

£061/702/79==0014dNUBIU A1ddI8 ON WYY NVAHIHE==ZIH 1 d3W BOIYYN3IS

c.14




(ogo°o )
"neEYs

(000°0 )}
*ieet
(0o00°0 )
‘LBIE
(uov*o0 )
‘LitLe
(vovu™o )
‘oo0d
tvov*o )
*Lip2
(voo®v )
o029}
Iviol
B S £

(o000°0 )
*o1f
{voo0°o 3
*ege
{o00°0 )
"shh
{0000 )
‘vee
(vov*o )
tone
(ogo*0 )
‘2o
{0000 )
*s901
asebabdlbsasBans
83ax3740Q

(ooo°0 )
‘Lie
(voo°o ]
1Y
(voo®o )
‘el
(000°0 )
‘noy
{000%0 )
‘ohi
(ooe®o )
‘Il
(000°*0 )
YY)

S$IHON 3IIBOK

(voo0°0 )
‘2g12
(o000 )
M LT
(ooo*0 )
‘9Ll
(000°0 )
‘9191
(voo0°0 )
‘5008
(voo*o0 )
Ty A
(voo®v )
*999¢
ATLuvdL40N

asssaswestRrascshakranan

L3TINT NO0I = 3IOYHOHOINY

§31INYIVA BNISNOM

(ove'o )
‘Lis

(vov"o )
‘nie

(ovo‘“o )
LT

{v00°0 )
‘1L

{0o00°0 )
‘9n9

tvoo*o )
‘608

(0000 )
‘6008

AMInwvd 3T8NIS

§865/02/9==NOILdNHSIO0 AlddNE ON NUYID NYHMUIHE==ZIH I Q3K

otoe

s002

0002

S6b61

0661l

Sebl

Os6l

yviA

1014YNZIB

C.15




i,
ol
o)
D
=
R,
.t
o

(voo°v ) (0000 ) {000°0 ) {voo®o ) (000°0 )

o LT L *is ) *oly ‘912 0102

(000°0 ) (000%0 ) (000°0 ) (oueto ) (ono®o )

‘126 . *o02 ‘q9h o9y ‘Lol 5002

(o000 b) {o00°0 )} (0000 ) (000°0 ) {voo*o: )

‘ent ‘el “2h *onn il 0002

{ovo°o } (000°0 ) (000"¢ ) (000°0 ) {o00°0 )

‘924 ‘09 ‘Ly ‘dht ‘29l €661

(oov°o ) (000°¢ ] (000°0 ) (voo*o ) (600°0 )

‘689 ‘ig T ‘ngn ‘021 0661

(000°0 } (vo0°0 ) (0p0°0 ] {o00"0 b) (0o00°0 )

‘glISE tRel "we *ng92 ‘gl g6l

toov*o ) T J (0000 ) {oou°®o ) (o000 )

11T 1Y ‘99e *uage 1171 ogel

LI I T AT I Y X X J LT YT Y2 I I rY rr gyl SimA D ® s m B b Sedmocsdtosonbiad [ Y YT I XX Y YL X} -ee
Iviod §3x374NQA BIHOH 311u0K AVIHY SR NH AVInvd 379NIS HY3A

EXNYHNIVY HIiviIud

$I1INYIVA ENISNOH

£961702/9==NOTAJNYETIO A IddNE ON NUYTD NVYWHIHE==2iH ¥ Q3W JOIMYNIIS

C.16



§60°0 vot'o

£60°0 g60°0

160°%0 960%0

s80%0 n60°0

180°%0 260%0

060°0 560°0

060°0 s60*0

aseassensss assmansuawa
BE3NISNH Iv1iN30183y

SHNYHHEIVY ¥ILVINO

(MY 7 3)

ALTIJINL233

LA '] .
290°0
850°0
§60°%0
6no’o
Sho*
ng0*o

BsanIsng

L90°0 0102
§90°0 %002
29v°0 0002
¥50°0 5661
2500 LYY
enoco 113
Lg0°0 ogel
amsmmaarnne came
IYIIN3OLS3Y HY3IA

L3INT %000 = 3ASYAUHINY

G3A0dWI BiSYI3IN04 3D1Hd 13INJ

£8657h2/9%=N0TAdNYCIU ATddNE ON NHYID NYWHUIHE==ZIH

1 a3an 1014YNIDS

C.17



[

09e*el
0L0°91
09951
08s° 11
06L°6
vsi'e
ve2*il

$EINISNE

01g'0¢
ves*sLy
otvtsl

ogo°fl

ong°it
009°01

obLtel

WIIN3QIG3Y

smStesabcteRNeNElnsrenprensantebeanben

CWNYBHIVY HILYIHO

3

(NiBKW/S) BvD IVHNIVYN

0%1"S
oLty
090°y
028°§
059" 2
0zLtt
008°* 1

BSaINIsNg

vee's
096°n
06d’n
0s0°n
09y°2
vse’1
osL

IVIAN3OISIY

13INT MOOUJI = JIVHOHINY

U3A07dH3 B1SVI3H04 3214d 3Nd

£868/02/9==N01LdNUSTIQ ATadNIS ON NHYTD NYHHIMBw=ZiH

pto2
so02
gooe
S6b!
0661
Ssol
ogol

-gmn

Hv3a

i 03w S0THYNIIS

C.18



0s1°21 ognc2y

guntot oLLtot

090"y 062"0

089°¢ 0t

0859 0le‘9

08(°9 015°9

008"y (11 M

ametamasese asmecsvacas
8sanisny IYIINIOIS Y

SXNvudivs ¥3ILYINY

(NAgHUKH/S) 110 Tan4
Q3A0VdWI S1SYIIU0S 3I1¥d 14

LE01/702/79==NOTLdNUETIA ATdd(IS ON HHVYID NYHUIHE==2IH

008° 11
00101
one ¢
1:1 9§
062’9
006°S
po2"L

“amesessscen

gsaN]ENE

vs§ 2l 0102
059°0} 002
0si1°s 0002
06t 111!
ong’9 066l
osn’9 S861
08L°L tuel
ILNIUIEIY yvaa

CELI P Y LY PR LY YL IR Y Y DY Yy

13IN1 W003J = IYVYHUHINY

# 03w bOTHYNIIE

c.19



BT

o,

(000°¢
28 LLodd

(0000
Li1%stuet

(000°0
12°gsley

(0g0%0
19°nsL2y

(000°0
21'niegy

(0p0°0
L5 SEICT

{000"0
S1%669%1

)

Iviol

(0000
Ss'ihnt

(opo*o
noto2nt

(vovo‘®o
na*sant

(o000
96°51sn

(0000
sE'hasn

(0g0°0
£ 129n

(000°%0
25°80p0S

)

wheabumass

1Y3H
Jvde

i
(o0u"o
TS TAL)
(000°0
e1*6s09
(oo0°0 }
vE ou6s
(0000 )
176565
(0000 )
9L°6109
(00c*0 )
oh" 1619
tooe*o )
£9°0059
83INYINddY

394V

LI L L L L L LD L LT

4381 NUDD = ADVHUHINY

(3214d W04 INIWISNTAY LOOHLIM)
(HMX) QTOHISNOH ¥3d 38N VIIN3Ul83N

£861/7n2/79°=N0T1dNUSIY ATddNE ON NHYI] NYHUIHE==ZIH

i
(agu“o ]
no°oing
(voo*o )
00°0o%é€
(oo0°v }
ne*ols?
(000°0 )
no°o9ee
{(000°0 ]
00°9122
(ogo0°0 )
00°0912
(v0u°0 )
00°01§2
SIINVITddyY
1ivus

otoe

so0e

0002

661

046l

Suel

0861

Hy3A

t 03W FOLYYNIDS

c.20

=



e,

(ooo0°o0
18°62hnl

(ogo°0
¥9°061nt

{000%0
SLU15ef]

(0p0°0
00°getEl

(000°0
L0256y

(o000
n2igget

(000°0
CAR RN

)

‘' oviod

(ooo*o )
96°559h

{op0°o )
0g°sisy

(0000 )
08°0igh

(0oo0°o )
i 050n

(000°0 )
as*aleg

(000°0 )
1£°909¢

(000°0 )
LTS 311

1¥3H
33vds

(0o00°0 )
TR ETL)
(000°0 )
99 ete9
(000%0 )
Sh°sel9
(000" 0 )
19°9999
(000%0 )
95°tSn9
(000"0 )
n6°eLl9
(0000 )
28°ekls
SIINVIVdaY
294V

SHNYBHIYS bILVIYD

(3)14d Y04 INIWISNLOY INOHLIIM)
(HMY) 4I0H3ISNOH ¥3d 38N TvILNIQIEIY

£661/702/9*=NOTLdNUETA ANdDNE ON WHYTD NYWHEIME==21H

(o000 ]

00°9ne2
(0000 )
00°91y2
(000°0 )
00°9nse
(o000 )
00°9492
(000°v )
00°9092
(000°0 )
s6°58582
tooo®0 )
00°99n2
[ T L E Y T I 01 7 )
€3INVINddY

1IVH8

0102

sdo2

0u0@

8661

osbt

s861

HTTY

dv3A

8 Qidn J0IYYN3IE

c.21



B § ¢
(0000 )
591116
(ogo®o )
£0°4080
(hopo“¢ 3
26 LlGe8
(000%0 )
L2*2998
(000°0 )
sglege
(ao0°o )
11°2L6L
(ooo*o )
0L°Sehi

SANYUYIVYY ¥31V3IHD

(32%dd 404 INIWABNLAY LNOHLIIM)
(Ivig18NONT 398YY LNOHLIN)

CHMM) 33A071dn3 434 6N €SINISNAE
§861702/79==H0T4dnNUSIA AVddNE ON HHYID NYWHIHE»=2|H

(000" 0
§9°2€s821

(opo0°0
4960021

(voo‘o
or®etnly

(000°0
Sn'gla0l

tvoo‘o
90°65801

(000°0
8100856

(000°0
no°L0ng

A3INT ¥00] = 3IDVHOHINY

)

102

5002

go0g

s661

0sbl

961

086l

Hy3a

¥ g3n Y0TYYNIIS

€.22




nhn°lele (T ] Zeb’ouUn 296 Lhi= M) o918 11 oto2

Lio*idl= 000°%0 025° w9 Lhesngie 0000 n9g nol 6002
16€°0L1= 000°0 . LSS0 6k £9L° 121 000°0 096°56 002
n9g°9S |- 0000 505°5Ein 6lu’gale 00090 850°Ly Loog
RE€°Eny- 000°%0 281 wok nos°Ge* 000°0 161°94 9002
11gt62i= 0po®o 0L9°2%% Vbot2ge 000°0 L1 T 1] 5002
026°6l 1 000°%0 s29°eng $29°09= 00u*0 650°0% P02
g20°01 1= 000°%0 vgs2eg 092*gL~ 000°%0 2leogx fu02
LI1°001= 000*0 sf5°20% S6e’Sl- 000°9 S609° V1 2002
ShE*0be 000°0 ogn*ede oln®y Vou“'o 208°L- 1002
RSt o8- 000°0 nnn*29ve Sfu’92 000°0 0689°97- o002
2intii= 000°0 fon‘9ng 9290~ 000°0 HeEh ‘uf bbbl
1in®99e 000%0 198 01e 980°go= 00V°D $99°€0} TYY
VES b5- 0o0°0 vei'nid Lns*191= 0voo*o 2he’y9l Lebl
§85°2S= 000°0 gl2usl 800°§22~ w000 610°ngR 9661
Lh9°Sn= 000°0 Lg2°29) 89n " guZ= 000°0 TN Y] Sebl
00068~ 000°0 £99°991 0Si°6E2~ 000°0 oS gse nebl
£Sg° 25 voo'o 880° 161 ifv'ehl= 000°%0 12V° Lo f661
LoLs2e 0060"0 nis sty sis’oni= 000°90 ne0° 19l 2661
090°61= 000°0 ohe’sll L6116 vou‘o 9p0°siy 1YY
Eip*ile- 000°0 995°n0) 6luihe= 090°o 800° 09 0661
bbE' 6~ 000°0 UM Tlu®ni= 000”0 : siL°19 686l
SUE° 9~ 000%0 gl2°19 292°92~ 000°0 LLY 8 1 8961
olg i= 000°%0 92L°69 pEncgle (I 501 °9p igol
955 ° 0= 000%0 ol oS E§h9°p1m voo°®o 9in®as 9461
g59°é 000°0 £E£9°90 LE9° 2~ . won®*o e og sgbl
921°¢ 000°0 L05°48 plate= 000" 0 TEMT nesl
568”1 000°0 1T ¥4 204% 1~ 000°D 905°¢1 186!
£90°1 000°0 £69°¢! af1c - bov'o LiLtay 2961
eis’o . 000°0 iet'e L98°¢» Voo 691°%9 18961
000°0 000°0 0000 Q00%0 ouoe®o voo0*e ogel
A 9499999 babhihbhhbbs hlind hivduhhhidnd PIIINVII HA93II 94999999 FIFIIH99D 9
NOLLINQ3N ROTTvAuIENDD NOTAONA3N NOTL1Iha3y HOTLIVAMIBNDD NOT12ng3d LETY
331ud~580u3 QIINONI=WYHODYd 21 ud=NMD 32IHd=S6UNHI UATNANI =1y HY0Hd 2T Hd=~HMG
SSINISNY ' I 11NAGIS Y
AL xuud = AOYHOHINY

HMO NI
NQIAVAHISNDGD JLivHYHOOUd ONY $433443 32Tud 40 AUVwwNE

£O0T/7h2/79°=NOKAANUBIU AddNS ON WUYTI NVWYIHE==ZIH 8 g3IW FOLHYNIIE

T S A T S T A ST SR DR R

€.23



§ L E i £ P SR £ k § § £ § £ f £
In9*9l= 000°0 nSn"s 9u5°0f= yuoto sin"g 0102
650°%1= 000°0 soL’n §8°¢2- v00°0 enu'E 6002
gEn°El- 000°0 gL' n no9*hew 000°%Y nee'e gooe
98" i- 000°0 Lin"g gE9° 12~ 000°0 wbl2 Loo?
SE2*0l= VooV ale’e 299°¢g1~ 0000 aLLty 9002
££9°98= 000°0 091°2 169°s1= 000"y Lhg®y 5002
2sn L= 000°0 n69"  slnfie 000°0 2no*y n002
i1L2°9~ 000°¢ gza’t gsa’iie 000°0 gEL" 0 £002
10" S~ 000°0 9L’ 0 2n0’e- wooe Lin®o 2002
olei~ 000°0 Leg®o s2u’9 000°0 621%0 too2
odlL" 2~ 000°0 691°0= 609"y 900° ¢ 9L 0~ 0002
Log* 1= 000°0 ML el 000°%0 ohi® o= bobl
990" I~ 000°0 §0L°0~ 09 |» 000°%0 Z2s‘o- ge6l
920~ 000°0 gLo°0= ohico~ 000°0 $69° 0w L6l
955°0 000°0 Lhe®i= 05E°1 000°0 viga®o- %61
vig) 000°0 LIs" 1= oie’? 000°¢ Ih0"§» Sebl
nog"*} 000"0 9661~ nen'g 000°0 50" pe he6l
if2'e 000°0 S68° 1= U0 0ou°h EL M f661
Lts9°e 000°0 nget k- 2es°'h 000°0 910° = 2ol
neo°s 000°0 £L9°1- 91°%s 000°0 800" 1= lebl &
Vig*s 000" 0 2Lt = 194°% 000°0 000" 1~ 061 o
£35°S 000°0 e95° e 19€°% 0000 00g°* 0~ 6961
nEl's . 000°0 L20’ = 2lon 000°%0 0090~ g6l
9ho*2 000°0 889" 0~ sis"n GO0y TN T) Lesl
esL? 000°0 engto= (T AN 00o0°p 002 0= 9961
oLs*e 000°0 000°0 68L ¢ ‘ 000°%0 0000 sa61
950°2 000°0 000’0y ei0°¢ 000°v 000°0 haol
ans*i 000°0 000°0 nl2®2 00L°o 000°%0 fge1
w20l 000°0 000°0 918°1 000°0 000%0 2u6l
nig*o 000%0 000°0 gsL'o 000°0 000°0 g6l
000°0Q 000°0 000°0 000°0 000°0 000°0 0gbl
L EZEE PR FY L) 9299939440949 A Rns i il LA RS TR L) raas i A AL SR EL L LAAAER R L) 444
NOILLINGIN ndiivAuisnog noitdnaay #O142003Y HNILYAM3ENGD NOTLINGIY HY3IA
271 dd=68042 U3INUNT=HYHOOHd 3ITNG=NMD 318d=880¥) Q32NONT=HYHI0Hd 321dd=Nn0
L LYY I YT YL ¥ ] [ LYY YL Y |
§saNnisnd IVIANIQIE AN
. SHNYUHIVY ¥IiviInd
HM9 NI
NOLLVAYISNGD JIAVHYHOONS ONY 68103443 331dd 40 AHYWHNS .

§268/702/79==N0TLdNUEIQ AVIdNE ON MHYID NYHHIHE==2YH ¢ U3W JOIHYNIIE



LAR-1 YY)

gn"6o09n
LM T1E]
s1"gsin
gn*egen

g8°90ln

18°L100
6L7ge6k
vLY688%
9L 0sLE

&L 199¢

L5°509%
on°*spst
za‘Leng
n0*eeEht

L8 0LES

6l°%0%¢
gLones
n9°SLiE
95" 011§

on°Snof

99%ano6e
eg1ane
eo°nsile
91'9s92

195
ol inh
Lo°efe
shteoee
2e'2g0e

6i*€9061

viol

6i°ste wni*9n vEtesi? 9670202 orbe

2L’ vo0¢ as°sy 1% 1822 £5°SLe6l 6002
ni"vel 0E wo1tae 60°0861 goog
96092 B0°EN snoni2 S9°nuul L1002
85°182 Luttin . 296902 22688 9002
0e°sLe 59°0n (a1 YY) sl Eoli a0
n1°992 08°6f 1s°2sel Cuftestt no02
gu°66e 96°9€ . 65061 i8°heLl £002
20°2se 1iees 1§°0S9} L0691 2002
96°hne L2° L 69°2tul €8°65914 1002
06°Lge 2h* 9t A 90°99¢1 91129} 0o0ne
LI 1 ¢ 99°S¢ 1K°onet an°s651 (Y1)
20°92e 62°S% S&°wiLt £§6°69%1 ' TY 1]
gu'oze SL°v% 09°¢R9l 29°gnsi Lobl
ni*pyd 91°ng n0°8991 0L Lis 9661
02°wol 09°€§ 62°LE91 gL teni Soel
f6°noe 262 85°5091 9E"29n 1 hobl
99° V02 n2°2g Le®uLst ne 250l fobl
0n’gol 9¢° 18 Li°ensl FI38 {12 2661
£1°s6! 96°0¢§ 90151 0t°nLsl 11711
98" 1ol 02°og sitwint L9 nnf) 0661
IS TR 9£°62 92°e2nlt L' 1ig) babl
T L) 18°82 LL°oLsl 99 L gebl
an“_m_ 19°12 getosrt 59°6n2} Les)
by LEl £9°92 (YSTT4! 892121 9861
on*nz! 96°82 0E* I£21 n96Ltl sg6l
25°911 59°52 14°0911 29°6511 haol
n2eol 1£°52 26°8H01 09°6601 961
91°001 T T gLoetot L5%650}) 2g6)
%0°26 n9°ne 85°91e 688°6101 1961
00°ng 1£°he 95°s49 £5°6L6 06l
T T I YT Y LT Y Y I "Thswese aeesfeadse aEgeesesbesseavsesdasan® LI I T L Y R T ) - mEa
avol SINFHININDIY SININIYINOIY HUENEEIULEE] yydA
IWVIMASNANT *90X3 SNOINYIN3I8IN s8sINLIBNE wIin3ais3ly

e ssssedesnessendl

(S mHd) I9NVYE WNEO3KW

LIINL HOUD = FJUVUUMINY

{NOIL1dWNSNOY TVIHAISNGNE 39UV SI0NVINI TViod)
(HMS)  SANIWIHINUIY ALIDINLIATNID 40 WMOUNYI4E

T861/702/79==N01idNUBI0 ATddNS ON NHYTI NYHHINS==2IH § G3W SGIBYNIIS

| I SR SR S SR TP SERE

for )
'
L]
&
-
L)

C.25




60°ggle

29°S601
91°890¢
eltonol
£2°C101

LL°586

iL*n9o
“89°EneG
gs° 226
s’ 106

9% °0us

oh°h98
nEane
b2 258
£2°919

Li*008

L8 TY}
$9°96L
b nel
ni*giL

vi'169

90°099
CYS T
058°L65
02998

16°nssS
b6°L0S
L0"1gn
Si*nsn
12%Ladn
Iftoon

vi0l

avol
TVIYLEOQNT

*90x3

£ € € £ ¢ §
£ 14 L6*01%
s0°1¢ eh®ion
wiL°01 10°ngn
05°01 £5°04n
2z'ol G0°48n
s6°6 Ls'ihn
2Lty 80°nEn
05°6 . 6s°nen
L2°%6 ovestiy
no*e 19°500
a8 21°96%
s9°'g #0°06s
oh'g 9°18¢
2t°¢g Le®Lls
91°e 6l*Vig
66° 4§ 0L°59%
LL°e oh*L8L
ns°L Leeng
1892 S0 ing
8n*l fo 2%t
98°9 29°net
08°9 £8°SIE
8l*9 R0*e08
0L°9 T2 1Y
€99 Sh bee
65°9 99°0p¢
£9°9 95°192
Le°%9 se'sse
s &g ehe
SL°9 ne’edd
oLy wititle
Connaprtareondaeban I I Y1 Y XIS YLy Y Il
SINIHIBINODIY SINInIUINOAY
BNOINYT11326INW §8aNIBNY

EXnvEYIvd HILvIN

Pt R S
6L"0sS Q102
g0 LILS 6002
LEeges gooe
L9°60% loog
96°Gel 9002
s2°28n c002
16°0LY hooe
984 fooe
12%unh 2002
989§ too?

~ 88°%2n 0002
1iesin 6661
06°50h gebl
60" 96¢ Lo6l
gd°9¢t 9661
inc9ls Sebl
91°g9¢ noel
sg'ont fobl
§5°9€¢1 2661
g2 gas Tebl
06°60¢ 0461
Sh*iled 6961
00°%82 9g6l
822 Le6l
05*092 9661
S9° Ly Su6l
ohtgL? heol
si*s12 tgo6l
ve'noe 2se6l
n9 06l 1861
6L 9Ll 0gel

.l".'lllllll.lll.l L X ¥
SANIHIHINGIY Hy3A
TvIiNIOISIY

(S°98d) 39InYY WNIQ3IW

(NOTLdWNBNOD TVIHASNONT JuHY 83GNTOHI TVIO0L)
(HMB)  SINIWIYINGIY ALIJIHLIIANI 40 NMUMIYINE

£061/702/9==NUILdNUBIO AT4dNE ON NUHYT1) NYWUIHB==ZIH

I a3W 101Y¥YN3IS

C.26



£2°us8s YA T4Y] w1 SELn glo2

01°5045 29°s601 sh byon 6002
1651558 93°g901 19°Eunn 8002
T AT 3 0L 000 18111 Loog
2L suds f2°siul 6p 2520 9002
65°260% LL°%86 Zu'9uin s00g
I5°2ube 1L7v9%% 19°Ltoy . o2
oh 2diur S9°Ehe : 6l°8¢68 fo02
9g"29in 45’226 gl eguf 2002
g2 259 25" 106 90°0uL% Too2
t2°2nsn 9v°0uN S4°199¢ 0002
L6490 T LT L5°F09€ 6661
ol Eoto T8 T ] oh°SnEs -TYY]
15616 s2°2¢9 22°iyns losl
i2'snee £2°910 n0°62nk 9661
co Ly L1°00v L6°0(f% So6
0z neon ILMCTY] 6L°S0sE 111
(5706068 £9°954 el'opas fobl
£5°0168 68°nfl W9 SLIE 2661
Tt : hIENL 96 011§ tool
Le°9iis TRl Y Y M1T 0661
niL*go09s 80099 99°8n62 CYTY
19°0unt : 6L°829 29°1gee epbl
envasst 0S°168 : 66"hase T
95 ne2s 02°99% 919592 Ty
. $£2°9608 to nts 28" 1982 sab6l
69°obb2 6n°L0S T8 11 1 TTY!
ni*goed Lo igm : L0°221¢2 fubl
09°9992 311 sh 2oee Zaol
so‘uise g2'Lav 29°2g02 T
1s°§952 1] LT (TTY ]
aUL SANYHSTIYYS YILYIND A3INT 002 = FIVHOHINY HVIA

SuUADRANO NS EReRR AR RS

(8° = yd) 39nNvd wNlQaW

(HOTLdWNENOD IvTalsnunt 398Y1 $30N1INT)

fNNTIvANIAONGD 20 L2AM)

NVYAS R A ¥ Ivas Ve v

(HMO) BLNARIYINDIY ALEILULD3NI WVL0§

£861/702/79°*NOLidNHEIG AddNE ON NUVTS WYHHIHE==2¥H ¢ ¢3n POIHYNZIE

c.27



witLied on®ose 86°096 0102
09°sull £1°05¢2 96°5§6 6002
6b°fs1} 9eEne vi®uie goo02
og°z2vi estite 1L°heR Ltoo2
090601 2115 62'6sR 9002
le*ea0l s0"s2e 99°Ef8 so002
£1°9¢01 ne*o2e 06°SIY nob2
98°%10) €n's1e : £6°46d fo02
#S° bbb 29° ¢yt 96°6id 2002
18196 i1g°so0e vo°esl to02
£0°Gnb 0u°108 t0°hni 0p02
g9°626 nE‘Le) CSE°2§4 64661
nE"hiG ; i9°g6l L9°o0el f661
s6° 468 00° 061 b6'dul lesl
S9°LuY hET981 . Vit le9 9661
0E°89% L9°est £9°599 Seol
i1'ose oL Ll 1w 2Le nebl
26 11e wiedd 61"6%9 f66)
nL'gre Lot L6°Sn9 2661
§5°56d 0’29l 68L°259 Tobl
9t LLL £9°4S1 £8°619 0661
6l e6nl 69°051 01°66% 6961
eateel s gn) L9°aLs _ g6l
89 ho9 tn®9gl n2°ess L6l
807499 Le*o2l . 24°LES 9861
2% 619 fi2el o8'l1s Sg61
61°h09 86°511 12°fen ngel
Le°ULS £8°s01 no*e9h Ty
$5°unsS 69°€01 98" hnh 2961
£2°615 nsis 89°02n 1g61
ve'lyn on®1e 18°9s8 owé)
....-'.|..l...'..'.'.' aaeeveeeSpounshaoandabe® AR hobhofannSsNoneane - . N
Wi0s 