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FOREWORD

This study was conducted for ERDA by TRW Energy Systems Planning Division,

McLean, Virginia,.as a.task under Contract No. (49-1)-3885, "Planning and Analysis

 __Supporttc  ERD /APAE." The objective was to evaluate the concept of implementation 4
of large scale energy conservation to reduce end-use demand for electrical

energy as an alternative to the need for continued construction of new

power plants to meet projected energy requirements for the Pacific Northwest.

In particular, the numerical accuracy, economic feasibility, and institutional

impact of a conservation oriented scenario developed by the Natural Resources

Defense Council, Inc., was assessed, relative to the energy forecast

prepared by the Pacific Northwest Utilities Conference Commission.  The

rekults  of this study are presented herein in five-parts:

t1  e  Section 1.0 - Introduction and Summary
\ _5-    - ----- ---- ·    -1-  ,- .4

e Section 2.0 - Reconstruction and Numerical Evaluation of Alternative
Scenario

'1

,-1  e Section 3.0 - Economic Analysis
/0  I

1-3 0   Section 4.0 - Institutional Impact 0 ---/   2
C» 3     .

4 ':
-»r-2--4

v»».   e  Section 5.0 - Impact of New National Energy Policy
The  study was undertaken  at the direction  of  R. W. LeGassie,--ERDA Assistant
Administrator for Planning, Analysis, and Evaluation.  The ERDA study

monitor was P. F. Castellon, Assistant Director for National and Field

Plans, Office of Planning.  The following TRW personnel participated part„time

or lf"uff-ti"Ii in the conduct of the study and contributed to the preparation
of this report:

William Bailey Study Manager

Dr. Mani Balasubramaniam Industrial Sector Analysis
Economic Analysis

Michael Cohen Commercial Sector Analysis,
Economic Analysis

Harley Roberts Residential Sector Analysis

Lawrence Green Programming

Robert Fink Appl iance Data Gatbering

.ii-i



TRW was supported by CONSAD Research Corporation, who contributed the

institutional impact analysis. The CONSAD work was performed by Messrs.
Gregg Ferris, Tom Osman, and David Habert under the direction of

Charles Laidlaw.

...4 lv-

j



TABLE OF CONTENTS

Page

1.0  INTRODUCTION AND SUMMARY. . . 1-1

1.1  INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . 1-1

1.2  BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . 1-2

1.3  TRW STUDY OBJECTIVE, SCOPE, AND IMPLEMENTATION . . . . . . . .  1-6

1.4  SUMMARY OF PRINCIPAL FINDINGS AND CONCLUSIONS. . . . . . . . . 1-7

1.4.1  Specific Findings from Section 2.0. . . . . . . . . . .  1-8

1.4.2  Specific Findings from Section 3.0. . . . . . . . . . .  1-8

1.4.3  Specific Findings from Section 4.0. . . . . . . . . . .  1-9

1.4.4  Specific Findings from Section 5.0. . . . . . . . . , .  1-10

2.0  RECONSTRUCTION AND NUMERICAL EVALUATION OF ALTERNATIVE SCENARIO-.. 221

2.1  INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . 2-1

2.2  THE RESIDENTIAL SECTOR: DESCRIPTION AND ANALYSIS. . . . . . . 2-4 2

2.2.1 The Alternative Scenario Residential Sector--
Description . . . . . . . . . . . . . . . . . . . . . 2-4  :

2.2.1.1  Alternative Scenario Methodology . 2-5

2.2.2  Analysis of Alternative Scenario Methodology:
Residential Sector. . . . . . . . . . .  2-7

2.2.2.1  Space-Heating Analysis . . . . . . . . . . 2-9

2.2.2.2  Analysis of Water Heating, Lighting and
Appliances . . . . . . . . . . . . . . . . . 2-10

2.2.3  Residential Sector Issues . . . . . . . . . 2-15

2.2.3.1  Peaking Parameters . . . . . . . . 2-18

2.2.3.2  Fossil Fuels Estimates . . . . . . 2-18

2.2.3.3  Other Residential Sector Studies . 2-19

2.3  COMMERCIAL SECTOR DESCRIPTION AND ANALYSIS . . . . 2-21

2.3.1  Alternative Scenario Projection of Energy Consumption
Before Conservation . . . . . . . . . . 2-22

V



TABLE OF CONTENTS (Continued)

Page

2.3.2  Alternative Scenario Projection of Energy
Consumption After Implementation of Building
Conservation. . . . . . . . . . . .  2-24

2.3.3  Alternative Scenario Projection of Energy

Consumption After Implementation of On-Site Energy
Sources . . . . . . . . . . . . . . . . . . . . . . . .  2-29

2.3.4  Summary and Conclusions of Commercial Sector
Description . . . . . . . . . . . . . . . . . . . . . .  2-32

2.4  MANUFACTURING SECTOR DESCRIPTION AND ANALYSIS......... 2-33

2.4.1  Summary of Manufacturing Sector Description . . . . . .  2-45

3.0  ECONOMIC ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . 3-1

3.1 I N T R O D U C T I O N. . . . . . . . . . . . . . . . . . . . . . . . . 3-1

3.2  GENERAL FORMULATION OF THE ANALYTIC APPROACH . . . . . . . . . 3-3

3.2.1  Specific Analytic Methodology with Reference to the
Conservation Mea)-ur- s.1 Proposed 'in the Alternative
Scenario. . . . . . . . . . . . . . . . . . . . . . . 3-5

3.2.1.1  Present Value of the Costs of Implementing
the Alternative Scenario . . . . . . . . . . 3-5

3.2.1.2 Summary·'Economic Measures Based on Analytic
Methodology. . . . . . . . . . . . . . . . . 3-10

3.2.2  Scope and Limitations of Analytic Methodology . . . . 3-12

3.3  BLENDED ELECTRICITY PRICES IN THE TWO SCENARIOS....... 3-14

3.3.1  Economic Methodology for Computing Busbar Power Cost

On a Single Plant Basis . . . . . . . . . . . . . . . 3-15

3.3.1.1  Annualized Capital Cost Component. . . . . 3-15

3.3.1.2  Fuel Cost and 0&M Cost Component of Busbar
Cost . . . . . . . . . . . . . . . . . . . . 3-19

3.3.1.3 Total Busbar Power Cost. . . .«.«i   . ..»..- 3-19

3.3.2  Economic Input Data by Power Plant Type . . . . . . . 3-19

3.3.3  Methodology for Computing Blended Costs and
Electricity Prices. . . . . . . . . . . . . . 3-20

Vii



TABLE OF CONTENTS (Continued)

Page

3.3.3.1  Average Capital Cost Components of Busbar

Cost by Plant Type. . . . . . . . . . . . . . . 3-20

3.3.3.2  Average Busbar Costs by Plant Type. . . . . . . 3-22

3.3.3.3  Blended Busbar Costs Across Plant Types . . . . 3-23

3.3.3.4 Comparison of Blended Electricity Prices
in the Power Plant and Alternative Scenarios. . 3-25

3.4  CONSERVATION TECHNOLOGY COST DATA DOCUMENTATION . . . . 3-27

3.4.1 Introduction . . . . . . . . . . . . . . . . . . . 3-27

3.4.2  Appliances . . . . . . . . . . . . . . . . . , . 3-28

3.4.3  Water H e a t e r. . . . . . . . . . . . . . .            ..3L29

3.4. 4  Lighting . . . . . . . . 3-30

3.4.5  Refrigerator . . . . . . . . . . . . . . . . . 3-32

3.4.6 R a n g e. . . . . . . . . . . . . . . . . . . . . 3-32

3.4.7  Color TV . . . . . . . . . . . . . . . . . . . 3-32

3.4.8  B&W Televisions.............. . . 3-32

3.4.9 Freezer. . . . . . . . . . . . . . . . . . . . 3-32

3.4.10  Dryer . . . . . . . . . . . . . . . . . . . . 3-32

3.4.11 Clothes Washer. . . . . . . . . . . . . . . . 3-33

3.4.12 Dishwasher. . . . . . . . . . . . . . . . . . 3-33

3.4.13  Air Conditioner . . . . . . . . . . . . . . . 3-33

3.5  RESIDENTIAL SECTOR ANALYSIS DESCRIPTION . . . . . . . 3-33

3.5.1  Space Heating and Passive Conservation Measures. . . . . 3-36

3.5.1.1  Single-Family Residences Built Prior to
1976 (SF<76). . . . . . . . . . . . . . . . 3-36

3.5.1.2  Single-Family Residences Built After 1976
(SF>76) . . . . . . . . . . . . . . 3-39

3.5.1.3  Multifamily Dwellings Built Pridr. to 1976
(M F<7 6) . . . . . . . . . . . . . 3-40

3.5.1.4  Multifamily Dwellings Built After 1976
(MF>76) . . . . . . . . . . . . . . . 3-42

3.5.2  Space Heating and Active Conservation Mea#wres . 3-43

Vii



TABLE OF CONTENTS (Continued)

Page

3.5.2.1  Heat Pumps in Single-Family Residences Built
Prior to 1976. . . . . 3-43

3.5.2.2  Heat Pumps in Single-Family Residences Built
After 1976 . . . . . . . 3-45

3.5.2.3  Heat Pumps in Multifamily Residences Built
After 1976 . . . . . . . . . . . . . . . . . . 3-46

3.5.3  Solar Space Heating. . . . . . . , 3-48

3.5.3.1  Single-Family Dwellings Built After 1976. . . . 3-49

3.5.3.2  Multifamily Dwellings Built After 1976. . . . . 3-49

3.5.4  Total Energy Systems (TESs). . . . . . . . . . . . . . . 3-51

3.5.4.1  Single-Family Residences Built After 1976 . . . 3-52

3.5.4.2  Multifamily Residences Built After 1976 . . . . 3-53

3.5.5  Appliances . . . . . . . . . . . . . . . . . . . . . . . 3-53

3.5.5.1 Solar Water Heaters . . . . . . . . . . . . . . 3-56

3.5.6  Summary of Residential Sector Cost Analysis. . . . . . . 3-57

3.6  COMMERCIAL SECTOR ECONOMIC ANALYSIS DESCRIPTION . . . . . . . . 3-58

3.6.1  Costs of Implementing Passive Building Conservation
Measures . . . . . . . . . . . . . . . . . . . . . . . . 3-58

3.6.1.1  Capital Costs of Implementing Passive
Conservation Measures . . . . . . . . . . 3-58

3.6.1.2  Maintenance and Replacement Costs Associated
with Conservation Measures in the Commercial
Sector . . . . . . . . . . . . . . . . . . . 3-61

3.6.1.3  Cost of Electrical Energy to the Commercial
Sector After Implementation of Building
Conservation . . . . . . . . . . . . . . . . 3-62

3.6.2  Solar Heating Requirements . . 3-65

3.6.2.1  Solar Collector Requirement for the Commercial
Sector. . . . . . . . . . . . . . . . . . . . . 3-65

3.6.2.2  Capital Costs of Implementing Solar Heating
Systems in the Commercial Sector . . . . . . 3-67

3.6.2.3  Cost Stream for Solar Heating Systems in the
Commercial Sector . . . . . . . . . . . . . . . 3-67

V,iii



\.
.
...

1                                                                                                                                                                                   3.
1 I •*

                                      TABLE OF CONTENTS (Continued)

Page

3.6.2.4  Results of Economic Analysis of Solar Heating
for the Commercial Sector. . . . . . . 3-68

3.6.3  Commercial Sector TES Requirements. . . . . . . . 3-69

3.6.3.1  Sizing the Fuel Cell TES for a Typical
Commercial Building. . . . . . . . . . . . .  3-70

3.6.3.2  Capital Costs of Implementing Fuel Cell
TES in the Commercial Sector . . . . . . . . .  3-74

3.6.3.3  Operating Costs for Implementing Fuel Cells
in the Commercial Sector . . . . . . . . . . . 3-77

4 -.

3.6.3.4  Results of Economic Analysis . . . . . . . . .  3-77

3.6.4  Results and Conclusions for the Commercial Sector
Cost Analysis . . . . . . . . . . . . . . 3-79

I ...'.

3.7  SUMMARY RESULTS OF THE ECONOMIC ANALYSIS . . . . . . . 3-81

4.0  INSTITUTIONAL IMPACT. . . . . . . . . . . . . . . . . . . . . . . .  4-1

4.1  INTRODUCTION . . . . . . . . . . . . , . . . . . . . . . . . . 4-1  ,

4.2  ASSESSMENT OF REGIONAL IMPACT OF ALTERNATIVE SCENARIO.....  4-2

4.2.1  Assessment of the Employment Projections. . . . . . . .  4-2

4.2.1.1  Subsector 2, Textiles and Apparel.......  4-2

4.2.1.2  Subsector 3, Lumber and Wood Products. . 4-4

4.2.1.3  Subsector 5, Printing and Publishing . . . . .  4-5

4.2.1.4  Subsector 7, Petroleum and Coal Products . . .  4-5

4.2.1.5  Subsector 9, Iron and S t e e l. . . . . . . . . .  4-6

\                            4.2.1.6  Subsector 11, Primary Aluminum . . . . . . . .  426

  .4.2.1.7  Subsector 12, Fabricated Metal Products. . . .  4-7.7
] 4.2.1.8  Subsector 13, Machinery and Electrical               
n Equipment. .  4-7

_1_ _ . / L--
-

. CK 4.2.2  Intersectoral A n a l y s i s. . . . . . . . . . . . . . . . .  4-8

1
f           4.3  REGIONAL AND LOCALIZED EFFECTS OF ALUMINUM DECLINE SCENARIO.. 4-12

..

4.3.1 Introduction. . . . . . . . . . . . . . 4-12

<,
4.3.2 Employment Impacts. . . . . . . . . . . . . 4-13

\                    4.3.2.1  Methodology. . . . . . . . . . . . . . . . . .  4-13·
4

'\                 4.3.2.2 R e s u l t s. . . . . . . , - . : . . . . . . . . . . 4-15
r--
a  · -     -               4.3.2.3  Conclusions and Further Inquiry...-. 4-15

\
-                 -

i X



TABLE OF CONTENTS (Continued)

Page

4.3.3  Tax Base Impacts. . 4-16

4.3.3.1 Methodology. . 4-17

4.3.3.2  Results. . . . . . . . , , . . . . . . . . . .  4-19

4.3.3.3  Conclusions and Further Inquiry. . . . , . . .  4-19

4.4  NATIONAL AND INTERNATIONAL LOCATION........ 4-20

4.4.1 Introduction. . . . . . . . . . . . . . . . . . . . . . 4-20

4.4.1.1 Alternative One: Construction of Power Plants
by Aluminum Producers. . . . . . . . . . . . .  4-21

4.4.1.2  Alternative Two:  Shifting Lost Pacific
Northwest Capacity to Alternate Location . . .  4-22

4.4.1.3  Alternative Three:  Closing of Pacific
Northwest Plants, No Relocation, Demand Met
by Increased Imports . . . . . . . . . . . . 4-24

4.4.1.4  Alternative Four: Purchase of Electric
Power in Pacific Northwest at "Blended"
Rates by Aluminum Industry . . ... . . . . . .  4-24

4.5  CONSERVATION, IMPLEMENTATION, TECHNOLOGICAL CHANGE AND
DISTRIBUTIONAL IMPACT. . . . . . . . . . . . . . . . . . . .  4-25

4.5.1 I n t r o d u c t i o n. . . . . . . . . . . . . . . . . . . . . .  4-25

4.5.2 Residential Sector Conservation Potential . . . . . . . 4-26

4.5.2.1  Implementation of the Alternative Scenario
Plan . . . . . . . . . . . . . . . . . . . . . 4-28

4.5.3 Commercial Sector . . . . . . . . . . . . . . . . .
.      Fle joi:

4.5.4  Agricultural and Industrial Sectors . . .  ,3-41
'. ..Ii-*

4.5.5  Adoption of the New Energy Technologies . . . . . . 4- -2 

4.5.6  Distributional I m p a c t s. . . . . . . . . . . . . . . , 213-31
t

, 4.6  CAPITAL CONSIDERATIONS . . . . . . . . . . . . . . . . . . .  4-34

4.6.1 Introduction. . . . . . . . . . . . . . . . . . . . .  34.1

4.6.2  Capital Constraints and the Power Plant Scenario.. .  14-35 1

4.6.2.1 Investor Information . . . . . . . . . . . .       Fli- a 53

4.6.2.2  Rate of Return . . . . . . . . . . . . . .   . 14-35  

X



TABLE OF CONTENTS (Continued)

Page

4.6.2.3  The Supply of Loanable Funds. . . . . . . . . . 4-36

4.6.3  Capital Constraints and the Alternative Scenario . . . . 4-38j

5.0  IMPACT OF NEW NATIONAL ENERGY POLICY . . . . . . . . . . . . . . . . 5-1

5.1  IMPACT ON ELECTRICAL ENERGY CONSUMPTION . . . . . . . . . . . . 5-3

5.1.1  Implementation of Insulation in the Residential Sector . 5-3

5.1.2 Solar Heating Implementation. . . . . . . . . . . . . . . 5-7
5.1.3  Mandatory Building Efficiency Standards. . . . . . . . . 5-8

5.2  IMPACTS OF IMPLEMENTING CONSERVATION ON THE CAPITAL COSTS . . . 5-9

5.2.1 Tax Credits for Passive Conservation Measures in
the Residential Sector . . . . . . . . . . . . . . . . . 5-9

5.2.2  Tax Credits for Passive Conservation Measures in
the Commercial Sector. . . . . . . . . . . . . . . 5-11

5.2.3  Tax Credits for Solar Heating Systems in the
Residential and Commercial Sectors . . . . . . .  .  .  5-12

5.3  IMPACT ON FUEL PRICES . . . . . . . . . . . . . . . . . . . . . 5-15

5.3.1  Effect of Natural Gas Prices on Total Energy System
Costs in the Residential and Commercial Sectors. . . . . 5-16

5.4  TOTAL IMPACT ON COST DIFFERENCES BETWEEN THE TWO SCENARIOS. . . 5-18

5.4.1 Alternative Scenario . . . . . . . . . . . . . . 5-18

5.4.1.1 Residential Sector. . . . . . . . . . . . . . . 5-18

5.4.1.2  Commercial Sector . . . . . . . . . . . . . . . 5-19

5.4.2  Power Plant Scenario . . . . . . . 5-20

5.4.3  Impact on Cost Difference Between Two Scenarios. . . . . 5-20

5.5  CONSERVATION PROGRAM COMPARISON: ALTERNATIVE SCENARIO AND THE
NATIONAL ENERGY PLAN. . . . . . . 5-22

6.0  REFERENCES . 6-1

APPENDIX A COSTS OF CONSERVATION MEASURES . . . . . . . . . . . . A-1

APPENDIX B SOLAR SYSTEM DATA. . . . . . . : .   B -1

APPENDIX C. .TES.DATA . . . . . . . . . . . . , . . . . . , . C-1

APPENDIX D SOLAR.WATER HEATER SYSTEM .DATA . . . . . . . . . . . . D-1

APPENDIX E. HEATING DEGREE-DAY AND INSOLATION DATA . . . . . . . . . v E-1

Xi



-7...   ..... --<- -t-. --  -

1                    -,           -
-1- --5.

LIST OF FIGURES

Page

1:. 2-1 Pacific Northwest Region L 1-3    1

2.1-1 Power Plant Scenario Forecast of Pacific Northwest
Electricity Requirement 2-2

2.1-2 Differences in PNUCC & 18-1 ternative Scenario- 1»jections 1 ·- ---
of Electrical Energy Requirements to 1995 - - ---- 2-2 -1

-

r-  -2

2.2-1 Electrical Energy Requirements for the Residential d -A
Sector in the Two Scenarios

2-4 11'- -/3
2.3-1 Commercial Sector Computational Procedure 2-213)

2.3-2 Comparison of Electrical Energy Consumption Forecasts
for the Commercial Sector of the PNW, 1975-1995

  2-32»
· »_1

2.4-1 Comparison of Electrical Energy Consumption Forecasts        |

for the Manufacturing Sector of the PNW, 1975-1995 2-46

3.3-1 Comparison of Blended Electricity Prices in the
Power  Pl ant and rklte-rli«Re. Scej-8-Fi-ost 3-263

3.5-1 1975-1995 Trend of the Stock of Electrically Heated
Single-Family Homes Built Prior to 1976 3-36_

3.5-2 Level of Implementation of Passive Conservation Measures
in Single-Family Homes Built Prior to 1976 3-37-3

3.5-3 Heat Pumps in the Residential Sector 3-47 J

3.5-4 Solar Space Heating in the Residential Sector 3-50 3

3.5-5 Total Energy Systems (Fuel Cells) in the Residential
Sector

3- 54  1

3.5-6 Appliances in the Residential Sector 3-55

3.5-7 Solar Water Heating in the Residential Sector 3-571
CO

» 3.6-1 A-1»-niativet.Sienani 6-'Costs-=for..Passiva  Eonservation
Measures in the Commercial Sector f 3-64  /

3.6-2 Commercial Building Non-heating Electrical Demand
Profile 3-72-3

3.6.3  -  .Cost and Savings Stream Associated with Implementation
of Fuel Cell TES in the Commercial Sector 1976-1995 3-78



LIST OF FIGURES (Continued)

Page

5.1-1 Residential Consumption 5-6

5.4-1 Annual Cost Stream in the Power Plant Scenario Less
Annual Cost Stream in the Alternative Scenario Before
Implementation of the National Energy Program
(Non-excursion Case) and After (Excursion Case) 5-21,

.- - --. -
xiii  I



.»-4
).

5                                    LIST OF TABLES
)

fails
2.2-1 Residential Sector Computational Procedure for            -

Estimating Electricity Demand (Alternative Scenario) 2-6

2.2-2 Central Station Electrical Requirements for Space
Heating (100 kWh/year) 2-11

2.2-3 Relative Appliance Energy Requirements Between
1975 and 2000 (1975 = 1.0) 2-12

2.2-4 Central Station Electrical Needs Lighting, Appliances
and Water Heating in 106 kWh/year 2-14

2.2-5 Comparison of Residential Sector Energy Raquirements
(106 kWh) in the Power Plant Scenario (PPS) and the
Alternative Scenario (AS) in 1975, 1985 and 1995 2-16

2

2.3-1 1985_Commercial Sector Analysis. 2-23

2.3-2 1995 Commercial Sector Analysis 2-23

2.3-3 Comparison of SOM and NRDC Commercial Floor Space
Projections 2-25

2.3-4 Projegted Street Lighting Consumption and Savings
(x 100 kWh) 2-28

.-----------------I

2.3-5  Corrected Alternative Scenario for the Commercial Sector 2-29

;. 2.3-6 Summary of Commercial Sector Analysis According to the
981 ternative Scenari o_ 2-30-

-2.3-7 IComparison of Alternative Scenario and BPA/SOMi-
Electiical-Requirements_(-109 -kl.Ih) for'th.e_,CommerciqYJ

1-55.19I -Ef _the-PNWT 2-31 3

2.4-1 PNW Manufacturing Sector Energy Requirements in 1975 2-34

2.4.2 Manufacturing Sector Employment (in 103) 2-38

2.4-3 Manufacturing Sector Energy Requirements in 1985 2-40

2.4-4 Manufacturing Sector Energy Requirements in 1995 2-41

2.4-5 PNW Manufacturing Sector Central Station Electrical
Energy Requirements (109 kWh per Year) 2-42

2.4-6 Manufacturing Sector Central Station Electrical Energy
Requirements (109 kWh) 2-44

--  -. --7

1-  Xi,  1



LIST OF TABLES (Continued)

-
r           '.-4..

7
-- .-

.page

3.3-1 Fixed Charge.Rates for PNW Plants 3 18

 3.3-2 - Projected PNW Power Resources Megawatts Data from
Reference 11 3-24F'

3.4-1 Projected Improved  Effi ci ency Appl iance Costs -6
(1976 Dollars) 3-28 1 -»

3.4-2 Appliance Cbst/Energy Consumption Ratios (Costs in
1976 Dollars) 13-293

3.4-3 Fluorescent Lighting Requirements per Dwelling Unit
and Costs 3-31 J

3.5-1 Annual Total Cost Stream (106 $) in the Alternative
Scenario for Space Heating Following Implementation of
Passive Conservation Measures in the Residential
Sector (1976 Dollars) 3-44-7

- 3.6-1 1811:ernative·.S_c&na_rip_co-Sts  .9-f.  Implementiog   Bull ding 
Conservation  i n the Commercial  Sattor  Thr-0-ugh 1985- 3-603

3.6-2 LAitern-a-ti ve Scena-Fi-0 Costs of Implementing-Bu-i-1-djngf
Conservation in the Commercial Sector frodi 1986-1995 1 3-60 1

3.6-3 Commercial Sector Maintenance and Replacement Costs
Associated with SOM's Mandatory Program %   3-61   1

3.6-4 Actual Electricity Consumption in the Commercial
Sector by Building Type - Alternative Scenario                »

(x 106 kWhe)                                              3-63   ·
3.6-5 Solar Heating Requirements 3-65

3.6-6 Average Commercial Building Heat Loss Characteristics .1
for PNW

f  3-66 f   K

3.6-7 PNW  Commerci al Sector Solar Collector Requirements F 3-67
7

1

3.6-8 Cost and Savings Stream Associated with Implementing
Solar Heating Systems (1976-1995)

 

3.69

r-        7
XV



LIST OF TABLES (Continued)

Page

3.6-9 Commercial Sector: Peak Usage for Non-heating
Electrical Consumption 3-71     J

3.6-10 Monthly Thermal Supply and Demand for an Average
Commercial Building with a Fuel Cell Test 3-73 2

3.6-11 Fuel Cell Capital Cost per Building (1976$) 3-75 ]

3.6-12 Commercial Sector Electricity Savings from TES 3-76 1

3.6-13 Capital Cost Stream for Implementing Fuel Cell TES 3-76  

3.6-14 Comparison of Alternative Scenario vs. Power Plant
Scenario Cost Streams for the Commercial Sector
1976-1995 3-79 ]

3.7-1 Comparison of Total Twenty-Year Costs (1976$) Between
the Power Plant and Alternative Scenarios 3-82

3.7-2 Net Benefits of Active Conservation Measures in
Alternative Scenario (1976-1995) (106 1976$) 3-83

3.7-3 Hypothetical Comparison of the Incremental Costs of
Conservation and the Cost of Equivalent Electricity Supplyin the Residential and Commercial Sectors of Alternative.. ._. __
Scenario, 1976-1995.(in 1976 Dollars) 3-84

4.2-1 Manufacturing Sector--Employment (Thousands of Persons)  4-3

4.2-2 Interindustry Employment Analysis 4-9

4.3-1 Local Labor Force Attributable to Aluminum Production,
Including Direct, Indirect, and Induced Employment 4-14

S -»...,
4.3-2 Local Property Tax Revenues  from Al uminum Industry (.2. '.Plants                                                                                                                      -:'

'.i'«\ /  4-17
\ 4.3-3 Approximate_Dj.rect Losses in ITaxes,-Alternativeil....  ..6'                 ,  9%*nafig-($103)- 1 -  -:e

4-18      5
4.5-1 Estimates of Regional Energy Savings and Cost of

Proposed Conservation Actions in Residential Sector
(Cost of Proposed Actions) 4-26

4.5-2 Barriers to Adopting Proposed Conservation Action
in Residential Sector 4-29

.,
f     .,/

1-xvr- -1



LIST OF TABLES (Continued)

Page

44.5-3 Proposed Government/Utility Actions for Implementing
1-Al t.d rn-a fi-Ve- -sten a Fi c-P 1 an-1 4-28 I  '0:

5 44.5-4 Participation Rate and Cost of Proposed Actions
4.29 <  (

4.5-5 Barriers to Adopting Proposed Conservation Actions .& ..S

in Commercial Sector 4-31 j· »

4.6-1 Internal Liquidity Ratios 4-37

5.0-1 Comparison of National Energy Plan (NEP) Conservation
Measures with Alternative Scenario 5-2

5.1-1 Comparison of TPCs in Alternative Scenario Base and
Excursion Cases (Electrically Heated Homes) 5-5

5.1-3 Effects of National Energy Plan on Residential
Solar Heating Implementation 5-7  X,.-

5.2-1 Impact of the NEP on the Cost Comparison of the Two
Scenarios in the Residential Sector

5-10      ,       6,

5.2-2 Commercial Sector Conservation Costs with 10%
Investment Tax Credit 5.12.<

5.2-3 Total Cost Comparison in the Commercial Sector -

With/Without Tax Credit. - .- 5-13

5.2-4 Effect of Tax Credit in 1977 on Cost of PNW Solar Heating ..,___i- 7Systems (1976$)                            '5-14 4
H .h

5.2-5 Effect of Tax Credit Program on Residential Sector

  5-14      ' 111
Solar Heating Costs (1976$)

5.2-6 Effect of Tax Credit Program on Commercial Sector             1 ,
1.  A.'.

Solar Heating Costs (1976$) 5-15     ,  ,

5.3-1 Revised Annual Fuel and 0&M Costs for the Fuel Cell
TES in the Residential and Commercial Sectors Based
on NEP Natural Gas Prices -5-17

5.3-2 Comparison of Fuel Cell TES Costs in the Base and
Excursion Cases 5-17

1

5.4,1 Twenty-Year Total Costs in the Residential and Commercial I
Sectors Before and After Implementation of the

National, 1,»Energy Program in the Alternative Scenario ($109 in
1976 Dollars) 15-19

h 1
xvii  i



LIST OF TABLES (Continued)

Page

5.4-2 Twenty-Year Costs in the Residential Sector Before I   K»

and After Implementation of the NEP in the Power
Plant Scenario ($109 in 1976 Dollars)                      ' 5-209·1, - ' 0

x v i i i    1



1

ABBREVIATIONS AND ACRONYMS

AAR Average Annual Rate
APAE ERDA Assistant Administrator for Planning, Analysis, and

Evaluation
AS             Alternative Scenario

BLS Bureau of Labor Statistics
BPA 9 Bonneville Power Administration
Btu British Thermal sunit
C.F. Capacity Factor
DOE Refers to Oregon Department of Energy

EIS Environmental Impact Statement
ERDA Energy Research and Development Administration

FCR Fixed Charge Rate
F.O.B. Freight On Board
FPC Federal Power Commission

HTPP Hydro-Thermal Power Program
HVAC Heating, Ventilation and.Air-Conditioning

IRE Interruptible Replacement Energy

kW             Kilowatts
kWh Kilowatt-hour

kWhe
Kilowatt-hour electrical

Mcf Thousand Cubic Feet
MFD Multifamily Dwelling
MIUS Modular Integrated Utility System
MMBtu Million British Thermal Units
MW             Megawattsb

NEP National Energy Plan
NERA

-

National Economic Res ar-ch Associates, Inc.
NRDC Natural Resources Defense Council

- -              r

0&M . Operation and Maintenance
OBERS ..Office of Business Economics and Economic Rese-arch Seryice
OPEC Organization of Petroleum Exportin& Countriei
ORNL Oak Ridge National Laboratory

PNUCC Pacific Northwest Utilities Conference Commission
PNW Pacific Northwest
PPL Pacific Power and Light
PPS Power Plant Scenario

...»:
R&D Research and Development
R&M Replacement and Maintenance

SFR            Single-Family Residence
SMSA Standard Metropolitan Statistical Areas
SOM Skidmore, Owings and Merrill

...

       xix             1-
+   .



"

ABBREVIATIONS AND ACRONYMS (Continued)

T&D Transmission and Distribution
TEE Total Effective Electrical Energy
TES Total Energy System
TPC Thermal Performance Coefficient

WIOM Washington State Input-Output Model

/-- -- ----1
XX    I

L



1.0  INTRODUCTION AND SUMMARY

1.1  INTRODUCTION

Intermediate to long-range projections of energy consumption in the

United States made in the last five years, particularly those based on

extrapolation from historical trends, have generally predicted an ever

increasing level of demand. For example the "No New Initiatives" scenario
in ERDA-48 (Reference 1), predicts a total energy consumption increase

from 72 quads in 1975 to 164 4uads in the year 2000, and ·predicts increases

in electrical energy generation from approximately 7 quads to approximately

23 quads.  National concerns regarding the availability of sufficient energy

to meet such forecasted demands, exacerbated by the OPEC oil,embargo of

1973 and the threat of future embargoes and the more recent natural gas
shortage of the winter of 1976-1977, have led to focused attention on the

need to reduce this increasing demand through conservation and increased

efficiency in end-uses of energy.

The impacts arising from particular conservation and/or energy sub-

stitution initiatives can be expected to vary widely between geographical

regions of the United States.  This is a consequence of regional differences

in the current relative proportions of usage of various energy resources

(e.g., domestic oil, imported oil, domestic gas, imported gas, hydroelectric

power, coal and nuclear fuels) and the differing 'regional potentials

for increased utili2ation of one or more of these resources or a significant

shift to new energy sources (e.g., solar, winds, geothermal).  Thus,

detailed implementation analyses must be conducted on a regional level, to
--

be sensitive to the regional  Edliarities of energy use.1

The ERDA Office of Planning, Analysis and Evaluation (ERDA/APAE) is

concerned with such analyses, particularly from the point-of.view of

determining priorities for ERDA R&D funds among new technologies.  Analyses

have previously been conducted to estimate future electrical energy demand and

therefrom requirements for new electrical generating capacity for the

Pacific Northwest region.  The Alternative Scenario analysis conducted by the
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Natural Resources Defense Council, partly funded by ERDA/APAE, develops a

conservation-oriented alternative to massive construction of new generating

capacity to satisfy projected demand increases.     TRW  was  tas ked by ERDA/APAE

to  raviawwthe  Alternative  Stenariol  in  ddtail,:pri)marily jo assess the under-
lying concept.

1.2  BACKGROUND

The Pacific Northwest area possesses more than 40% of the nation s

hydroelectric potential, and has the most highly developed hydroelectric

system in the world.  Approximately 84% of the region's electric generating

capacity is provided by a combination of 160 Federal, other public and

investor-owned hydroelectric projects. Roughly 7% of the region's capacity

is nuclear generated, 5% is coal based, and 4% is oil based (Reference 45).

The power system is linked to California by three reversible interties

which, during periods of high water, can wheel surplus power to California.

The system of dams, located 08 the Columbia, Snake, and Willamett Rivers

and their tributaries, also has irrigation, flood control, navigation, water
supply, and recreation functions.

Over 50% of the electricity consumed in the Pacific Northwest is furnished
by 29 Federal dams built, operated and, maintained by the Bureau of

Reclamation and the Corps of Engineers (Figure 1.2-1).  The power generated by
these dams is marketed and transmitted throughout the region by the Bonneville

Power Administration (BPA).  Additionally, BPA currently markets power

acquired from two thermal plants, Hanford and Trojan (Reference 2).  In the

Pacific Northwest, the BPA transmission network represents approximately 80%

of the bulk power transmission system.  Power is sold to publicly.owned

utilities (municipalities, public utility districts, and cooperatives), federal

agencies, and privately-owned utilities.  Additionally, power is sold directly

to 22 industrial plants including producers of aluminum, carbides, ferro-alloys,

wood products and various chemicals, and when available, surplus,·power is

exported outside the region.  In FY 1976, BPA sold 77,471 million kWh's at
an average rate of 3.7 mills/kWh to its customers (Reference 2). IThis low 1
rate, due to the preponderance of hydroelectric power, contrasts sharply

with much higher rates in other regions of the country where power is provided

primarily by thermal generation.

lAS defined in the January 31, 1977, NRDC report, Choosing An Electrical Energy  ·     
)
4 Future for the Pacific Northwest.: An Alternate Scenario, (Reference 3).
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GENERAL SPECIFICATIONS ANO PEAKING' CAPABILITY OF
EXISTING INSTALLATIONS AS OF 6/30nG

TOTAL'
OPERATING      - INITIAL DATE CAPABILITY AUTHORIZED'

PROJECT AGENCY LOCATION2 INSERVICE PW PURPOSES

1 Alben; FaHs                         CE                 1 3/55 49.00 P,R,N,FC,S

2 Andmon Rinch                    BR                 1 12/50 34.50 P,I,FC,S

3  Big Cliff                                                                 C E                                       0 6/54 20.70 P,FC

4 Black Canyon                          BR                   1 12/25 10.20 P, I, FC

5 Boise Oivertion                         BR                   1 5/12 2nS          P. 1
6 Bonneville                        CE O.W 608 574.00       P.N.R-
7 Chandler                         BR               W 2/56 13.00          P,P,1

8 Chief Joseph                                CE                      W 8/55 1.280.00       P, R

9 Cougar                              CE                 0 2/64 28.75 P,FC.R,N,S

10 Detroit                           CE               0 7/53 115.00 S,P,I,FC.R,N,W
11 Dexter                     CE            0 5/55 17.25 P, FC

12 Oworshak                        CE               1 9/74 460.00 P,N,FC.R,S

13 Foster                            CE               0 8/68 23.00 P,I,FC

14 Grund Coulee                           BR                   W 9/41 3.492.40 P,I,FC,N,S

Gr. Coutee (Pump. Gen.)                                                  W 12/74 115.00
15 Green Peter                                 CE                      O 6/67 92.00 P,l,FC,R,N,S

16 HACreek                              CE                   0 5/62 34.50 W,P,I,FC,R,N,S

17 Hungry Horse                        BR                 M 10/52 328.00 P.FC,N.S,1

18 Ice Harbor                                  CE                      W 12/61 69330          P, N, R
19 John Oay                           CE 0·W 7/68 2,484.00 P,N,FC,R,I,S

20 Libby                            CE               M 8/75 483.00 P,FC.S,R.N

21 Little Goose                            CE                   W 5/70 465.75      P. N. R
22 Lookout Point                             CE                      0 12/54 138.00 W,I,P,FC,R,N.S

23 Lower Granite                          CE                   W 4/75 465.75      P. N. R. 1

24 Lower Monumental                       CE                      W 5/69 465.75 P, N, R, 1

25 M,Nary                             CE O.W 11/53 1,127.00          P. N. R

26 Minidoka                            BR                 1 5/09 16.00 P,1, S

27 Palisades                             BR                ' 1 2/57 135.00 P,I,FC,S,W

28 Roza                             BR               W 8/58 12.90         P,1
29 The Dalles                              CE                  O W 5/57 2,015.00         P, N, R

' Maximum peaking capability @ normal full pool elevation and full gate tailwater. Unit peaking capability varieS from 100% to 116%
of nameplate .ting

21=Idaho. M a Montana: 0 = Oregon: W = Washington.

3p . poWer; 1. |agation: N . Navigation: FC = Flood Control: R . Recreation; S = Power Storage; W. Water Supply.

  ,FIGURE.1.2-1.  PACIFIC NORTHWEST REGION   
1  .        -3 - -7      -T
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In the last decade BPA and 108 area utilities cooperated in the

establishment of the Northwest Hydro-Thermal Power Program (HTPP) to meet

forecasted demands for electric power needs beyond those which could be

satisfied with hydro'power.  Phase 1 of this program has been completed.

Phase 2, the implementation plan through 1986,Uh-a-s--apparently_beeh_23

 ter#inated.         11.

On April 18, 1975, a lawsuit was filed against BPA (specifically

the Port of Astoria, et al vs. Hodel, et al) challenging BPA's intent

to provide power to the Alumax Pacific Corporation's proposed aluminum

plant in the Demiston-Umatilla area of eastern Oregon (Reference 46).

The Court determined that BPA must prepare an Environmental Impact Statement

(EIS) of the proposed Alumax service and on BPA'·s role in general in supplying

power in the Pacific Northwest.  Consequently, BPA  hasjundertaken the

preparation of a "role" EIS, the completion of which will take over two

years and will cost about $4 million (Reference 2).  Additionally, BPA has

stipulated that no new electrical service contracts with industrial

customers will be signed prior to completipn of the EIS.

To ensure public participation in the role EIS preparation, BPA solicited

"affirmative" contributions from environmental groups including the Natural

Resources Defense Council (NRDC).  In response, NRDC constructed the Alternative

Scenario defined in Reference 3.  This scenario contrasts sharply with the

energy demand forecast prepared bythe·Pacific Northwest Utilities Conference

Commission and the proposed schedule of new plant construction to meet the
...

forecasted demand. As stated in Reference 3, the "central station scenario"
considered by BPA and area utilities forecasts a 20,yearlincreasesinc  -
electricity demand of 6150%--r"·I tiassumes  that-_appeoximately::26-newy .

coal-based or nuclear large-scale power plants would be constructed to meet

future base load requirements, and that the Columbia River Power System dams

would be used increasingly to provide peaking capacity.  Due to the large

capital requirements associated with construction of these power plants

and related transmission facilities, it has been recommended that the

Federal Government provide indirect financing through advance, long-term
.1 commitments to purchase power.  On the other hand, the AlternativerSce*atid

      recommends large-scale implementation of conservation to reduce future
electricity demand and; consequently, the need for new power plants.  The

projected energy requirements in theeAlternative Scenario were determine4-on

t------=-=\
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the basis of end-use analyses of the residential, commercial, manufacturing,

and agricultural sectors of the Pacific Northwest.  The scenario concludes

that no new power plants are built in the next 20 years, beyond those

already approved or under construction, and even under these conditions

projects a power surplus of over 4000 average megawatts for the region in

1995.  Although the scope of the Alternative Scenario analysis is constrained to

the next 20 years, its objective is to provide for a transition from continued

high growth in electrical consumption and reliance on large central power stations

to increased usage of smaller scale renewable energy systems and substantially
reduced growth in total.supply.  According to the scenario, this transition

.f.  ...C.would provide for a more stable situation in the decades beyond 1995.
f:      8--

-'r·9r.
Due to the historical availability of substantial quantities of low.cost   h«» '.0 -

hydroelectric power, a concentration of energy intensive industrial plants

has developed in the Pacific Northwest.  In particular, the regional

primary aluminum industry, consisting of reduction and rolling plants owned

by six major aluminum companies, comprises approximately 30% of the nation's

aluminum production capacity, and, in FY 1976 purchased approximately 29%

of the electricity marketed by BPA (Reference 2).  The direct-service
power contracts with BPA for these plants expire in the. mid-1980's.1  A
recommendation of the Alternative Scenario is that only those aluminum plants
that are less than 35 years of age when their current' contract expires
should have their power contract renewed by BPA.  By this criterion eight

of ten plants would not have their contracts renewed, and would likely be

retired.  Options available to the aluminum plants and resulting potential
impacts on the region and the nation under these circumstances are considered

later in this report. TIt should be stressed that theeAlternative Scenario

projects a surplus of slightly over 4000 average megawatts in 1995 which

would be sufficient to continue service to the aluminum industry without
any of the plants being phased out. However, if additional power plants

are not built, the surplus becomes available only if the conservation

initiatives are fully implemented at the rates assumed and result in the

projected energy savings.

1

BPA has formally notified its preference customers (customers to whom BPA by
law must give preferential service) that insufficient power will. be available
to meet their projected load growth after 1983.  Issuance of the insufficiency
notices has naturally caused serious concern among the customers.  They and
prospective new preference customers have indicated they will lay claim tothe electrical power which could. become available following the expirationof industrial contracts in the mid-1980's (Reference 2):
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1.3  TRW STUDY OBJECTIVE, SCOPE, AND IMPLEMENTATION

As previously indicated, TRW was tasked by ERDA to review the Alternative

Scenario primarily as a prototype analysis of the concept of implementation

of massive conservation to reduce demand for electricity versus construction

of sufficient power plants to satisfy unconstrained demand.  This study

consists of four parts:

e  An assessment of the numerical accuracy of the Alternative
Scenario

e  An economic comparison of the two scenarios

•  A study of the institutional barriers which might inhibit
or slow implementation of the initiatives postulated in the
Alternative Scenario and

e An assessment of the relative impact on the two scena,rios
of the President's National Energy Policy.

This study thus specifically avoids creation of a new scenario, but

examines in detail these scenarios which are considered alternate courses
.

of action for the future.

Various other considerations, although not included in the scope of this

study, are relevant to the individuals faced in the very near term with

decisions regarding the course of action to be followed in determining
and meeting the region's future electrical needs (e.g., decisions regarding

construction of the Skagit and Pebble Springs nuclear power plants),  These

considerations include potential environmental consequences related to the

Power Plant Scenario and the risk of shortfalls evaluated independently
1 for both scenarios.

Generally conservative assumptions (e.g., costs of improved-efficiency
appliances, financing of home improvements at a 7% real interest rate for

five years) were employed in estimating costs of implementation of the

Alternative Scenario.  Additionally, by truncating the analysis at 1995,

accrual of benefits beyond 1995 from some improvements paid for in the

20-year period is not considered.
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1.4  SUMMARY OF PRINCIPAL FINDINGS AND CONCLUSIONS

The following general conclusions were drawn from this study.  Detailed

discussions and supporting data relating to each conclusion are presented

in appropriate sections of the text of this report.

e  The Alternative Scenario electrical demand forecasts to the
year 1995 for the PNW region are significantly lower than those
made by the PNUCC.  This variation does not arise entirely
from implementation of the Alternative Scenario recommendations.
A baseline projection implicitly derived from the Alternative

Scenario methodology by assuming none of the scenario recommenda-
tions are followed accounts for approximately one-half of the
variation.

•  The Alternative Scenario does not consist solely of the
*  implementation of a set of technical energy conservation measures

which result in. a lower electrical energy demand. Measures are
included which involve service modifications, in particular:
- --

--lowering room air temperature (thermostat setting)
i --reducing water heating temperatures

 

--reducing lighting levels in commercial buildings

i    --possibly lower incomes for individuals currently employed in the4..- aluminum industry due to acceptance of jobs in other industries,

as prescribed by the employment mix changes ih the manufacturing
sector, which pay lower average weekly wages.

e  Numerical results of the Alternative Scenario analysis were verified
and found to be consistent with the scenario assumptions except
for a few minor errors in the commercial sector. The errors
do not affect the conclusions.

•  There appears to be a significant overestimation in the

Power Plant Scenario of electrical energy requirements for the
manufacturing sector both in 1985 and 1995.  Specifically in the
subsector categorized as "other industrial," BPA projects more
than a 10-fold increase in demand between 1974 and 1995, making
this category the single largest consumer of electricity in
the sector in 1995.  The maghitude of this overestimation may

be more than twice the 1975 usage of the primary aluminum
industry, currently the largest industrial electrical
energy user in the region.

e  The price of electricity to PNW consumers would be considerably
higher if the Power Plant Scenario is followed than if the
Alternative Scenario were successfully implemented,  From
identical electricity prices in 1976, prices in the Alternative
Scenario would be 1 5% less in 1985 and 30% less in 1995 than

                        in the Power Plant Scenario.  This results from the need for muchmore high-cost thermal generation in the Power Plant Scenario
relative to the Alternative Scenario, and consequent19 higher

blended electricity prices.
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•  Total annual costs over 20 years to the consumers in the
residential and commercial sectors would be slightly less
for the Power Plant Scenario for the first five years.
Thereafter the Alternative Scenario shows an increasing
advantage to 1995.  The present value of the difference
in costs measured over the 20-year period was $6.3 billion
in favor of the Alternative Scenario.

e  Employment mix changes included in the Alternative Scenario
to compensate for direct unemployment caused by recommended
aluminum plant shutdowns will be difficult to achieve.
Even if possible, shutdown of a major portion of the regional
aluminum industry would lead to serious localized impacts and
a net regional loss of employment due to induced effects..

e  Levels of implementation of passive conservation measures
proposed in the President's National Energy Plan (NEP) for
1985 exceed those in the Alternative Scenario.

1.4.1  Specific Findings from Section 2.0

•  A significant difference between the two scenarios occurs in
the appliance category of the residential sector,  The Power
Plant Scenario projects a two-fold increase in demand over the
next 20 years without explanation or justification, whereas
the Alternative.Scenario projects a much more modest increase.

e  In the combined residential and commercial sectors, nearly a
third of the demand difference between the scenarios projected
for 1995 is due to the lower baseline projection that is
implicit in the Alternative Scenario.

•  In the manufacturing sector, the Alternati·ve Scenario postulates
employment mix changes to achieve an overall less energy intensive
industrial base, without verification of viability and social
impact of these changes.  Additionally, across-the-board energy
efficiency improvements were assumed without specific analysis.
However, these changes (including the assumed electrical energy
substitutions) account for less than half the difference in
the two scenarios in 1995 for this sector. The balance is due
to the lower baseline projection of the Alternative Scenario
(note the'Power Plant Scenario apparently sharply overestimates
demand in the "other industrial" category). In particular,
the energy efficiency improvements only account for approximately
one-eighth of the total 1995 difference in the two scenarios
for this sector.

1.4.2  Specific Findings from Section 3.0

e  A 20-year cost comparison of the two scenarios was conducted
for the combined residential and commercial sectors. It was not
possible to compute implementation costs for the manufacturing
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sector due to the non-specificity of the efficiency improvements

postulated by the Alternative Scenario. The inherently lower
: energy demand in the Alternative Scenario and the lower average

blended price of electricity as a consequence of the much smaller
inventory of high priced new thermal generation result.. in making
the implementation of conservation measures a cost-effective
approach.  This conclusion is reinforced by the generally
conservative assumptions employed in costing implementation
of the Alternative Scenario.

e  In all categories of residential dwellings and commercial buildings,
the passive conservation measures (insulation, weatherstripping,
storm windows, etc.) provided at least 85% of the savings obtained
from conservation.  In many cases the active measures were not
cost effective over the 20-year period from the consumer's

point-of-view (total energy cost savings resulting from imple-
mentation over the 20 years did not exceed total costs).

In particular neither solar space heating nor water heating
proved to be cost effective in either residential dwellings or
commercial buildings; the total energy system (assumed in this

study to be natural gas fuel cell systems) was cost effective
in commercial buildings but not in residential dwellings (partly
because it was sized to meet peak requirements); and heat pumps
were not cost effective in existing residential dwellings (as

a retrofit) or in new multifamily dwellings but were cost effective
in new single-family residential dwellings,  Note that these
findings are specific to the Pacific Northwest region,

e  The average unit cost of conservation is much higher in the
residential sector than the commercial sector,  This is due to
the higher use of the less cost-effective active measures in the

residential sector plus the assumed high turnover rate of
appliances over the 20 years.

e  From a capital investment point-of-view, the expenditure for
conservation in the residential sector is higher than the

corresponding cost for supplying electricity if the conservation
measures were not implemented.  In the commercial sector, the
cost of conservation is significantly lower than the cost of
equivalent supply.  However, the cost of conservation in the
combined sectors is lower than the cost of equivalent electricity
supply.

1.4.3  Specific Findings from Section 4.0

0  There are numerous institutional barriers to implementation of
the Alternative Scenario conservation initiatives at the rates
specified.  Consequently, the surplus in generating capacity
projected in the scenario by 1995 may be required as a contingency,
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•  The use of.projected surplus power as a contingency would require_the_-
Alternative Scenario recommend#tion- for significant phasedown  of
---the- Fegion rs.pri-mary  il utiiihum -iridu ry-t6-56 impl emehted.

Such a phasedown would, however, have a severe impact on local
and regional economies.  Even if the direct employment loss could
be fully offset by the postulated gains in regional direct
employment in other subsectors, there would still be local
disruptions, particularly in counties where an aluminum plant is
the major employer.  Additionally there would be a net regional
loss in induced service jobs outside the regional manufacturing
sector, partly because the high wages paid by the aluminum
industry would not be matched by other industries.  Due to the
highassessed value-of the aluminum plants and the industry's high value '
of output per employee, there would be net losses in local property

  taxes, state sales and income taxes (for certain states), as
well as federal income taxes. To avoid reductions in public
services provided in the region, these losses would have to be
offset by increases in other taxes.

•  The manufacturing subsectors postulated to have the greatest
direct employment increases (relative to BPA projections) by the
Al ternative Scenario (mainly to offset direct  losses  assuWed  for     +

; the primary alumtnum industryl were indtvtdually analyzed,   tri      .:
all cases, the postulated increases appear questionable.  In
particular, associated productivity increases that require
capturing a share of national markets would be difficult to
achieve due to the PNW's spatial isolation disadvantage.  In
general, employment growth is a function of demand, which in turn
is a function of income, consumer preferences, etc,  The ability
to arbitrarily distribute employment implies an ability to
manipulate these factors, which would require a planning and
political capacity which, up to the present time, is either
administratively unobtainable and/or politically unacceptable,

1.4.4  Specific Findings from Section 5.0

•  A comparison of implementation rates for conservation between
the National Energy  Pl ao_ (for those measures where rates  are
speci fied) and the Alternative Scenario shows,that in general -the
implementation levels are higher for the NEP.' This comparison
lends credence to the levels assumed for the Alternative Scenario.

e  Implementation of the NEP would have only a slight effect on the
20-year cbst comparison.  The Alternative Scehario dis.
advantage for the first few years would be lessened due to the
incentives, and the Power Plant disadvantage thereafter would
be slightly lessened due to implementation of some amount of
conservation in that scenario (this comparison was made using
the assumption that no changes were made in the power plant

schedule for new power generation, and thus the blended price
of electricity was unaffected).

1
As this report was going to press, there were reports the NEP implementa-

tion levels were being reduced.  The new levels would be more comparable
to, but still usually greater than, those  in thel-Al ternative Scenario.                1
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2.0  RECONSTRUCTION AND NUMERICAL EVALUATION OF ALTERNATIVE SCENARIO

2.1  INTRODUCTION

The Pacific Northwest Utilities Conference Commission (PNUCC) prepares

long-range projections of power loads and resources for the West Group Area

of the Northwest Power Pool.  The West Group Area includes the states of

Washington, Oregon and Idaho and the western part of Montana, but does not

include the service areas of Idaho Power Company, Utah Power & Light and

California Pacific Utilities Company.  The West Group Area is representative

of the major part of the Pacific Northwest region, having 96% of the region's

population, but is normally not considered synonymous with the Pacific

Northwest.  The Alternative Scenario uses the West Group Area as the

reference area, though for convenience often refers to it as the Pacific       <,
Northwest.

The PNUCC 20-year load forecast and schedule of implementation of

new capacity to meet the forecasted demand (Reference 11).def·ines a baseline

scenario, hereafter referred to in this report as the "Power Plant Scenario,"

against which the Alternative Scenario definedfin Reference 3 is contrasted.

For the base years 1975, 1985, and 1995 considered in the Alternative

Scenario, BPA computed breakdowns of the electricity demand by sector.

The PNUCC forecast and these sector breakdowns are shown in Figure 2.1-1.
·The Alternative Scenario report forecasts a substantially lower future demand

for electricity, based on a different forecasting methodology and rieduction

in demand resulting from implementation of conservation. This lower forecast.

is contrasted against the PNUCC forecast in Figure 2.1-2.  The total                 difference in forecasts is also disaggregated in Figure 2.1-2 according

to the four end-use sectors considered in the Alternative Scenario

(residential, commercial, manufacturing, agriculture).  It may be observed

that the agriculture sector accounts for very little of the difference

between forecasts.  Consequently, the evaluation conducted herein focuses

only on the residential, commercial, and manufacturing sectors.

The  computations  whi ch result  in the projected Alternative Scenario

demands       _

were reconstructed from the data and procedures specified in Reference 3..

It is the purpose of this section to: (1) describe in detail the manner
in which the Alternative Scenario was reconstructed, (2) point out the pr8blems
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discovered in the course of doing it, and (3) suggest ways to rectify

the problems if possible, and if not, to assess their impact on the

viability of their proposed scenario.

The residential sector is addressed first, in Section 2.3, followed

by the commercial sector (Section 2.4), and the manufacturing sector

(Section 2.5).

2.2 THE RESIDENTIAL SECTOR: D4SCRIPTION_AND. ANALYSIS

Electric connections to residential units make up about 85%

of all electric company customers and the sector demand in 1975 was 33% of
  all electricity sales within the PNW region.  The residential sector's use

of electricity is difficult to forecast because of the many complex factors

involved.  Population changes, dwelling unit changes, family formation,

working and shopping habits and time schedules, appliance saturations and

use patterns, fuel choices and relative prices are examples.

The Alternative Scenario Report places much stress upon the analytical

methodology which it follows for the PNW Region, a detailed end-use analysis

of the demand and need for electricity.  This methodology in the residential

sector builds upon the methods used in the Skidmore, Owings and Merrill

(SOM) report to BPA (Reference  4).  It is contrasted by NRDC to two other

general methodologies:  the historical-trends projection methods followed

generally by BPA and the PNW utility companies; and the econometric modeling

method, of which studies conducted for the PNUCC by the National Economic

Research Associates (NERA) are an example..

2.2.1  The Alterhative Scenario Residential Sector--Description

The Alternative Scenario considers the residential sector electricity

demand relative to two major end-use demand categories.  The first demand

category is space heating, which accounted for 34% of 1975 residential

electricity use in the region.  The second category is a combination of

electric water heating (26%), lighting (10%) and electric appliances (30%),

which were treated in somewhat less detail, being independent of the type

2-3



of residential housing unit where they were used.  This two-part treatment

parallels the procedure used in the SOM Study but extends the analysis in

certain ways. Following the SOM procedure the,Al-ternati9eiScenatio-di.s-
tinguishes four prototypical dwelling types, singl'e.family:, unitsiexifs-fing:-
and new and multifamily units existing and new.

Figure 2.2-1 shows the potential electrical energy Ldemand for the 
residential sector which the .'-Al.ternative.Scenarib:,-ident'ifles  relativet to
BPA projections.  It is important to note that BPA projected end-use demands
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for 1980 and 1995 from a 1974 base year, whereas the: Al·ternativ-e Scenario
revised the baseline to 1975 and projected 1985 and 1995 demands.  The

figure shows both annual kilowatt-hours of generation and annual average

megawatts required through 1995.  The detailed end-use analysis was

conducted in terms of kWh/year demand, while final results were reflected

in terms of annual average and peak megawatts (MW) to permit technical

judgmentS to be made on central station generating capacity requirements
in the scenario--the central focus of conclusions reached by the Alternative

Scenario Study.

The figure shows that if the Alternative Scenario were implemented and

resulted in the calculated consumption levels, demand would be reduced by

26% of the BPA projected demand An 1985 and 47% in 1995.  It also shows

the starting and final proportions of major end-use demands --for space

heating, for water-heating and lighting, for all appliances --projected in

the Alternative Scenario.  These proportions of total residential demand

shift heavily over two decades towardssatisfying the needs of home electrical

appliances, from 30% in 1975 to 40% in 1995 of total residential use,

almost similar to the BPA projections.
-

2.2.1.1  Alternative Scenario Methodology

The sequential operations performed in the analysis of the electricity

dema9ds for space heating in the Alternative Scenario are shown in Table

2.2-1.  Four prototypical buildings representative of four dwelling types

were considered and the total number of buildings-in each type projected to

1985 and 1995.  Of these totals, the fraCtion that were electrically heated

were singled out through projections of electric heat saturation levels in

each  type of residence  both  in  1985  and 1995. Linear rates of_implementation
-.'-f...  -. 

of- each passive energy conservation measure, i.e., insulation. storm windows, F
weatherstripping, were assumed in the scenario between 1975 and 1995 inn  3 1
each of the four dwelling types.  The overall effect of the implementation

of these measures was reflected in terms of an average thermal performance    I
. .l     A          I

coefficient for each prototypical building that also declined at a linear -

rate starting from unity in 1975. The unity ,codfficient'for each type of
dwelling corresponded to an annual kWh requirement for space heating and       |

2-5



TABLE 2.2-1

RESIDENTIAL SECTOR COMPUTATIONAL PROCEDURE
· FOR ESTIMATING ELECTRICITY -DEMAND (ALTERNATIVE SCENARIO)  '

SPACE HEATING: 1-Fractional DecreaseTotal Baseline Annuzl
Nut,iber of r  Energy Requir ments

Thermal Performance
x In Energy Use Due To

Tipe Home Homes Saturation -_   per Hole Coefficient _ Technology Substitutions2
-

TotalX                                                X

.-'

Single-Family,
Pre 1976

Single-Family, b:ta Data kyh/yr Data Data

Post 1975 given given by type. given given

 

Multiple-Family,         and             and                                         and                           and                      -
by type Dy type by type by type

Pre 1976
year. year. year. year.

Multiple-Family,
Post 1975

Il=total space heet-
,ng resulrecert
for 1975, 1985 or
1995

i WATER HEATING, LIGHTING, OTHER APPLIANCES

Total 1- Fractional Decrease
Number of Electrical Appliance  x  Electrical Energy x In Energy Use Due To  ,  =
Homes

x
Saturation Use/Appliance Technoloay Substituticns Total

--

Data given for 12 Data given by Data                                       -

categories, for each category and given
year. year by type

and yeir.

E2=total appliance

<

Total Sector Requirement o Il + I2 energy 1·equire-

ment for 1975,
1985 or 1995

|1 At unity thermal performance coefficient for each type of dwelling.

l    2Use of heat pumps, solar space heating and total energy systems.

3use of solar water heating.

   these were specified for each of the four building prototypes in the

scenario.  Consequently, knowing the number of buildings in each type of

 

dwelling that are electrically heated and the corresponding average annual

1 kWh requirement per building, the sector's electrical energy demand for this

end-use category is determined for the years 1985 and 1995.

The Alternative Scenario further assumes certain levels of implementation

 

of active conservation measures comprising heat pumps, solar space heating

and total energy systems in each of the four dwellinO types in 1985 and

1995.  These measures are assumed to be additive to the passive measures

and their use for space heating conserves electricity relative to conventional

 
resistance heating (either through improved efficiency as in the case of heat

pumps or through substitution in the other two cases).  Consequently, the

overall sector electLicity_-demands- Rrevi.ously calculatfd-fo-r_1985 and 1995

  1     »et,„e„.„-an,opt,r.„a,„on„'„i.„'11.eamlen„„2-1», 1.„,usS«,
'

by each, when consiBered over all four building types.
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The total annual sector space heating electricity requirements·in

1985 and 1995 estimated in kWh is readily translated into annual "average

  megawatt" requirements using 8760 hours per year and 1000 kW per MW.  In

 

order to assess the contribution to the system peak from residential space

i heating.,demand, the Alternative Scenario assumes a ratio at system peak
of space. heating electricity demand relative to the annual average. These

ratios have historical precedents and are forecast' by the utilities for ;
future generation planning.  The Alternative Scenario appears to have

followed utility practice in forecasting these  rati os  for  1985  and  1995.

The methodology for calculating electricity requirements for electric

water-heating, lighting,-and major electric appliances is similar to that

described for space heating, except that in this case no distinction need

be made between electric and non-electric heated dwellings.  All dwellings

have electric appliances.  Consequently, the four dwelling types are collapsed

into a single, total number of homes for each given year.  Annual electrical

requirements are defined in 1985 and 1995 for water heaters, lights and

5 all appliances; their respective saturation levels in these years are also

forecast.  A 60% decrease in electric water-heater requirements is specified

for residences that use solar water heaters. The annual '%verage Megawatts"

demand. is multiplied by a specified peak-to-average multiplier for water

 
heaters, lights and each appliance, both in 1985 and 1995 in order to
assess their individual contributions to system peak.

The sum of the electric energy demands of the two major categories in

1985  and 1995 reifFesents-the_AlteEnative  Scdnari-6-estimations of residential
sector electricity needs in these years from the consumers' point of view.

The impact on the electric utilities is the corresponding total "average

megawatts," the total megawatt requirements at system peak and associated
transmission and distribution losses.

Based on the procedure outlined above, the numerical results presented

I in the Alternative Scenario for this sector were validated.

2.2.2  Analysis of Alternative Scenario Methodology:  Residential Sector

An evaluation of the methodologies used for end-use analysis of the

 
electrical demand in the residential sector and the creation of an Alternative
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Scenario must be made from various points of view. Int:particular it is_ .ilnportant

to analyze and evaluate the NRDC methodology upon its own terms,

using its own assumptions.  From this point of view, the Alternative Scenario

must be judged a detailed, highly explicit, quantitative approach to the

complex process of forecasting specific elements of residential demand over

two decades.  It is a convincing approach to the difficult job of forecasting

sector needs for cases where behavioral and technical engineering processes

are both involved and condition equally the acceptability of results and
findings.  Because it is so explicit, this approach lends itself well to

verification in any future forecast year, or to recalculation of results

if new technical or social factors and trends are detected.

The Alternative Scenario Report recognizes that its methods and results

depend heavily upon the work done for the SOM Study.  Consequently, there

are many similarities in the residential sector analysis.  The Alternative

Scenario Report adopts Strategy Number 6  (Mandatory Conservation Program)

from the SOM Study as its basel ine for a "conservation scenario," relying
upon results from a SOM computerized model which tested a variety of

energy-saving measures for 1975-1995 implementation to derive specific

improvements in annual electric energy demands  in  each  of four "prototypical "
dwellings 8*.the region. These measures included homeowner behavior changes .

and conservation investments for both 1975 housing stock and subsequent

construction.

The Alternative Scenario Analysis extends the SOM Study procedure,

however, to explicitly weight the probable introduction of additional
energy-saving devices; these are heat pumps, solar space heating systems,

total energy systems and solar water heaters.  The efficiency and saturation

(percent introduction at a single time cross-section) are forecast for each

of these technology items.  This is a direct advantage of the engineering-

type end-use analysis adopted in the Alternative Scenario.  Conventional

historical/judgmental trends analysis methods and statistical/econometric

analysis methods cannot be adapted readily to this type of study of technical

change and specific homeowner response.  However, it is worth noting that

only 2% of the reports' forecast of central-station electrical generation

savings was due to the consideration of these new electricity-saving devices.
1 7 T t·

1    . - -'-          I.  ,    -

1-
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It is possible to argue whether faster introduction of these devices is

probable. However, in the context of the .scenario, an adopt_ion of "penetratiool'
rates even two or three times thatconsidered, which would result in

significant energy savings in this sector is not likely to be cost effective

becausethese measures are assumed to be implemented on top of the passive

measures.

1

There are drawbacks to the Alternative Scenario procedure, discussed

in more detail below, which are integral to its nature.  Basically these

result from the extensive detail and statistical precision needed by the

methodology.  Both technical and socioeconomic details must be specified

for a variety of housing types, separate appliance saturations, electrical-

fossil comparative efficiencies, prices, etc.  These chosen values are often

"hypothesized averages" for future years, which are difficult to prove or
disapprove.  In fact, such sensitive parameters are usually projected by

"trending" estimates which do not differ theoretically from conventional

 

trend-forecasting parameters.  The Alternative Scenario has many such

i              examples; specifically the methods used for futureappliance saturations

which were derived from a California specific study (Reference 12)..

Details of the residential parameters are discuiddd briefly below.

2.2.2.1  Space-Heating Analysis

Several important assumptions are made which are open to challenge

but depend upon informeddjudgment, and are clearly-identified in the

 
Alternative Scenario.

•  One-percent each year of the declining stock of existing

#re-1976) dwelling units will convert from fossil to electric

space heating.

• I 95% of all units built between 1975 and 1995 will have    f --0

/                                                                                                                                                                                  .   f
electric space-heat (about 97% of those built during 1990-1995)

•'  .Use  of  heat  pumps,-solar  syst€ms,  and  TES  will   total  :18%,  8%  and
5% of new single-family residences (SFR/New) by 1995' and 10%,

·

' =--4% and 10%,-fespectiOely, for new multifamily dwelling units
(MFD/New). "Retrofit" substitutions will  be  1 imited  to  heat
pumps in 5% of the pre-1976 homes stock (SFR/Old).
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e  SOM Study data on 1974 dwellings was advanced to a 1975 baseline

 __                 by incrementing by 2%. .- --5,

e  Contributions to system peak from space heating demand were

estimated py adjusting the IBPA derived peak-to-averagel,
factor of 2.98 upward to 3.04 in 1985 and 3.20 by 1995,

for various reasons (not detailed fully in text).

The Alternative Scenario derived total space-heat electrical requirements

as tabulated in Table 2.2-2.  These are compared to equivalent BPA data.

The BPA projections were taken from the SOM Study and made comparable

to NRDC results in average and peak megawatts for given years.  The SOM

Study determined that energy savings (average kWh/yr) from a Strategy 6

conservation policy could lead to a 48% reduction of BPA forecasts for 1995.

The Alternative Scenario shows an energy reduction of 44% from BPA's resi-

dential space heating projection, so that the two are similar in i .-
methods and in results.

2.2.2.2  Analysis of Water Heating, Lighting and Appliances

The procedures used in the Alternative Scenario for the analysis of

electric water heating, lighting and electric appliance energy use di ffer

significantly from those used in the BPA projection of February 1976 and

those of the SOM Study of July 1976.  The Alternative Scenario uses an

approach parallel to that applied for the major space heating category,
but treats this category identically in all Ifgwr of the SOM-derived-regional
prototype dwelling units.

The following points, which- conditibn-the "appliances :Analys.is of
the Alternative Scenario, are=madeic:

e  There is a serious lack of region-specific detail in numbers,
kinds and efficiencies of all appliances used in or forecast
for the PNW Region.

o  Estimates of future electric efficiencies per unit in the PNW
region were made, assuming "reasonable improvements" based upon
efficiency improvement rates projected for the State of
California by the University of Texas at Austin (Reference 12).
See Table 2.2-3 for details.
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TABLE' 2.2-2
CENTRAL STATION ELECTRICAL

REQUIREMENTS FOR SPACE HEATING

(106 kWh/Year)

., 9 1974 1975 1980 1985 1995

Alternative
8,237 7,660 5,808. ·   - SFR/OLDScenario

1 '                                   SFR/NEW1., 3,403 5,381
- t

MFD/OLD 3,823 2,843 1,915
..

MFD/NEW 1,380 2,267

Alternative
- TOTAL SPACE                                                      IScenario

12,060 15,290 15,370HEAT

BPA  - SFR/ALL 7,816 11,653 19,456
- MFD/ALL 3,570 4,095 7,974

BPA ,- TOTAL SPACE
HEAT 11,386 (12,018)* 15,748  (18,948)*  27,,400

TOTAL EQUIVALENTS IN AVERAGE AND PEAK MW/YEAR

Alternative
1,376 1,745 1,755- TOTAL AVERAGE

Scenario
TOTAL PEAKING 4,102 5,251 5,441

1 BPA TOTAL AVERAGE 1,300 (1,372) 1,798 (2,163)* 3,131
-                                                                              *

TOTAL PEAKING N/A (4,090)* N/A N/A (9,707)*

-.

 11   I

NOTE:  The Alternative Scenario estimates are taken from Reference 3, Tables
7,  29  and  30 and represent a "Strategy 6" .conservation  policy  set.             z
The estimates for SFR/New and MFD/New are slightly in error
due to miscalculation in the Alternative Scenario Report, Corrected'
total requirements are shown in Table  2.2-5.

.

*                                                                                           I .I--  .  I ... --  - .. .-- ..... --

.I= BPA peaking-capacity hs estimated, using 2.98 peak-to-average MW
factori Other BPA values are interpolated  (1975,  1985).

/

  2-i,-11 ,,».-- -     -



TABLE 2.2-3

RELATIVE APPLIANCE ENERGY REQUIREMENTS BETWEEN  1.975  AND  2000
(1975 = 1.0)

POSTz1975 1980 1980 1985 1995 1995 2000

(California)  (BPA)  (ORNL)  (NRDC) ,(BPA)  (NRDC)  (ORNL)

Appliances

Refrigerators .860 .68 1.054 1 .031 .50

Cooking Equipment -
.958 .83 .944 .891 .70

Electric

Air Conditioning (Room) .80 .75 .60 .65

Other Equipment
- Freezers .886                 - .975 .876

- Clothes Dryers .921 .937 .937

- Television (B/W & CLR) .554 .521 .521

- Non-Specified 11'02„
1.440     -     2.000 2.162 3.000

Electrical

Electric Water Heaters .958 1.073 .89 .842 1.307 .79 .75

Sources:- - Post-1975 California estimates given in Reference 12, page II-15.
- 1980 and 2000 ORNL data from Reference 13, page 1251.
- 1985 and 1995 NRDC data from Reference 3.

- 1980 and 1995 BPA data obtained by calculations from data given in
Reference 4.

X-

1------.-».t'
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•  Future saturation levels of appliances were estimated using
"California" rates of change, BPA base year data and a
"logistic-curve" method of interpolation, with adjustments
(8% downward).

•  For electric water heating, BPA saturation estimates were used
(1974 and 1995), but solar water heating substitutions were
assumed to reach 2% and 20% of the 1985 and 1995 projected
dwel 1 i ng s.

•  A miscellaneous category for all other electric appliances was
assumed to grow substantially (300%) and reaches 36% of total

appliance electric energy needs in 1995.

With these assumptions and the baseline data tabulated for 1975 in

Table 2.2-4 in terms of individual appliances, the Alternative Scenario

projects central station average energy requirements for 1985 and 1995.

These are compared with BPA estimates given in the SOM Study (interpolated).

Table 2.2-4 shows the Alternative Scenario anticipated 1995 electric
demand savings.  The most marked savings are projected in water heating at

10,040 million kWh/year, or fully one-half of the BPA forecast.  This

is partly due to increased water heating unit efficiencies, but also depends

upon the assumption that solar water heating units will provide 60% of the

hot water demands in all dwellings ip which it is implemented (20% in

1995).

The electricity savings in 1995 for all appliances of 13,900

million kWh/year are also large, while the savings of 793 million kWh/year in

lighting demands are rather modest.  These trends are partly offset by

the Alternative Scenario's assumption that the "miscellaneous" category of
new appliances and existing "convenience" appliances will grow very '
rapidly to reach 7,218 million kWh/year.

The Alternative Scenario produces results in overall lighting,

appliance and water heating savings which are close to the savings derived

by the SOM Study.  The SOM Study's Strategy 6 estimated potential savings

at 48% of BPA's forecasted demands.  The Alternative Scenario projects

savings at 41.2% of BPA's forecast for 1995 or 24,733 million kWh/year.
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TABLE 2.2-4

CENTRAL STATION ELECTRICAL NEEDS LIGHTING, APPLIANCES
AND WATER HEATING IN 106-kWh/year

20-Year
1974/1975 1980 1985 1995 Growth (%)

Lighting

Alternative Scenario - 3,800 3,890 4,540 119.5%

BPA 3,389 (3,435) 3,677 (4,162) 5,333 154.0%

Appliances

Alternative Scenario - 9,810 13,630 20,100 204.9%

BPA 9,795 00,586) 15,610 (20,235) 34,000 327.1%

Water Heating

Alternative Scenario - 8,730 9,550 10,650 122.0%

BPA 8,611 (8,976)  11,044 (15,527) 20,690 230.5%

Total Above

Alternative Scenario - 22,340 27,070 35,290 158.0%

BPA 21,795 72,997)  30,331 (39,924)  60,023

NRDC Average MW/yr.* 2,550 3,090 4,029 158.0%

Peak Electric Gen.

Capacity (MW)

Alternative Scenario - 5,264 6,203 7,728 146.8%

BPA 7,414 (7,823)  10,318 (13,581) 20,419 261.0%

.."= *
BPA figures in parentheses are interpolations from BPA forecasts
given in SOM Study Reference 4, page 274.  Source is Table 34 (p. 161) of
Reference 3.

-.

-I.-9-li-
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Peak electric capacity needs for these residential subsectors are

derived in the Alternative Scenario, using multiple peak-to,average
parameters.  The Alternative Scenario report also projects fo#sil fuel

requirements for certain limited appliances and for water heating to 1995.

However, it was found impossible to duplicate the results given in the

report.  The report also projects that no fossil fuel (natural gas)

demands will exist in the appliances category by 1995.  This seems rather

improbable.
1

-  -

2.2.3  Residential Sector Issues

There is implicit in the Alternative Scenario Analysis a baseline

20-year energy projection for the sector which reflects conditions,if

none of the scenario's conservation programs are implemented.  It is

important to compare and contrast the Power Plant Scenario with this

hypothetical no-conservation Alternative Scenario.  In particular, since

t the number of households in the region and the regional population are

identical in the two scenarios, such a comparison would highlight one

very important factor.  This is the difference in the business as usual

trend projections between the scenarios from the same initial conditions

due to different assumptions of future electrical energy demand growth,

i.e., rates of conversion from fossil heating to electric heating;

-ap-01 ianfe-saturati-on -anddemandsi- peak·,fo-avera#LTI-ra- Ejos  atsysten--_-- 6

peak, etc. -

In Table 2.2-5, the projections of electrical energy demand from 1975 to 1985

and 1995 are shown for the Power Plant Scenario, and the Alternative Scenario

with and without the implementation of its conservation programs.  The

following discussion will center on the differences between the baseline

projections of the two scenarios in the year 1995, but the comparison is

equally valid for the year 1985 as well.

In the space heating category, the baseline Alternative Scenario energy

demand is 20% greater than that of the Power Plant Scenario.  This is because

the number of electrically heated homes in each category (new and old

single and multifamily homes) is generally higher in the Alternative Scenario
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TABLE 2.2-5

COMPARISON OF RESIDENTIAL SECTOR ENERGY REQUIREMENTS (306 kWh)
IN THE POWER PLANT SCENARIO (PPS) AND THE

ALTERNATIVE SCENARIO (AS) IN 1975, 1985 AND 1995

f                                                                                                        
                                                                                                         

                        :

1975 1985 .   1995'        1
I I                      ./

PPS      AS PPS 'AS* AS
'

PPS' AS* 1 ·* AS
1 ,                                                        (implicit baseline (implicit baseline :

projection) projection)

Space Heating 12018 12060 18948 20645 15281 27430 32858 15283

Water Heating 8976 8731 15527 11472 9547 20690 15320 10650

Lighting 3435 3804 4162 4599 3893 5333 5908 4544

Appliances 10586 9805 20235 16772 13630 34000 22509 20096

, Total Energy Demand 35015 34400 58872 53488 42351 87453 76595 50573

Total Number of

 

Homes in Region 2.289 x 106 2.767 x 106 3.555 x 106  ,

1.                                      )
*

,

Hypothetical scenario derived with the Alternative Scenario forecast methodology and data under the
assumption that none of the recommended measures are implemented between 1975 and 1995.

-- --

relative to the .Power Plant Scenario.  As a consequence, the 1995 saturation
of electrically heated homes is 69% in the Alternative Scenario and only 60%

in the Power Plant Scenario.                            .
1 .'

In the case of water heating, the Power Plant Scenario shows a 1995      2
demand of 20.69 x 10  kWh compared to 15.32 x 109 kWh in the baseline

Alternative Scenario even though both scenarios assume the same level of

saturation (97%). The reason that the consumption is so high in the Power

Plant Scenario is the much higher annual average demand per water heater
--

: assumed in this scenario relative to the Alternative Scenario (6000 kWh/year

4      _,-  versus, 4442 kWh/year)..

The 1995 lighting energy demand in the two scenarios, while slightly

different, can be considered comparable.  It appears that the Power Plant

Scenario assumes a lower average annual lighting consumption per residence

rel ative to-the baseline Alternative Scenario (1500 kWh/year versus 1662 kWh/ydJr.).   '

This wguld account-'for the difference):.
. -...

. . .       .      .    I ) - . i       1

1--7   -.

C                                                                                                                                       r
Q
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The largest difference between the two scenarios occurs lilthe APpliance- f j
Category.    In the Alternative Scenario the average annual appl iance energy
consumption per residence increases from 4284 kWh in 1975 to 6332 kWh in

1995, approximately a 50% increase.  In the Power Plant Scenario, the increase

is from 4625 kWh to 9564 kWh, which is over a twofold change in 20 years.

Clearly the factors that are responsible for this disparity must be in the

different appliance saturation levels and the annual unit appliance energy

consumptions assumed in the scenarios.  The Alternative Scenario is quite
15

explicit in its assumptions regarding appliances and in fact postulates a

rather significant increase in annual demand  over  the  20  year    in..the /
Miscellafeous -Catego_rY·   In _contrast,I-the 'lower Plant Scenario_/Sc3Lar' r
treats the entire appliance category  as a single  enti ty  with no disaggregationx

- -

Conseque-ntly,   00- ilieci fTE-compar-isons are R9ssible except   to   note

that the twofold increase postulated by the Power Plant Scenario appears

much too high.

From an overall perspective of the residential sector, the Alternative

Scenario projections appear to be more reasonable than those of the Power

Plant Scenario. In particular, sincerthe..increasingly higher annual unit
energy demands for water heaters  and appl iances  in this scenario are :unexplained,

' it does not seem unjustifiable to conclude that this,-scenario's demands are -#
overestimated.

However, the foregoing discussion presents an important issue that is

a key element in the Alternative Scenario Analysis, but which NRDC has chosen

not to stress.  This is the fact that the baseline no-conservation (i.e.,

business as usual) trend that is implicit in the Alternative Scenario is

considerably lower than that postulated in the Power Plant Scenario.  When

viewed from this hypothetical baseline rather than from the Power Plant

Scenario,   the 1995 energy   Gand  differeficPs- ass-ertud   by   NRDC   ifi  -this se-Etor 1
--- -4--- .......___L _ ,is  reduce-d by nedrly a third. Consequently,' the Alternative.Scenario results mystj

not be viewed solely with respect to the Power Plant Scenario but must be jud6ed

in the context of both the baseline projection differences between the two scenarios

and the energy savings potential of conservation that is assumed achievable by NRDC.
1.                                                                      -

„       -   F-*                                   .    w

,-

1                                         
                                          

                                          
                        4
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2.2.3.1  Peaking Parameters

The Alternative Scenario projects specific central station peak-

generation requirements by category for the 'residential sector. It provides

specific peak-to-average multipliers in Tables 30 and 35 for space heating

(2.98 to 3.201), for water heating (2.21 to 2.264), for lighting-(0.97) and

for ten appliance categories ranging from 0*47 (freezersjito 7,33,
(refrigerators).  The peak-to-average ratio of 7.33 is very high and is

possibly an error in reporting by NRDC (i.e., ratios for ranges and

refrigerators could have been interchanged by mistake).  The reasoning

behind these multiple parameters is only briefly discussed. i

However, since no comparable contributions to peak load by category

in the sector are given by BPA, this comparison between the two scenarios

is not possible.

2.2.3.2  Fossil Fuels Estimates

The fossil fuels estimates for the Alternative Scenario represent

an additional, unnecessary elaboration of the report's methodology which

is based upon end-use analysis of home electrical consumption.  In fact,

no explanation is provided of the methods used to derive fossil fuel

estimates but results are simply presented.  These results cannot be duplicated,

using any reasonable assumptions to modify the scanty data provided in

the Alternative Scenario.

The Alternative Scenario calculates fossil fuel needs for the

residential sector in Btu's, using an assumption that the efficiency
of fossil-fuel home equipment is only 50% of equivalent 1975 electrical

equipment.  Thus twice as many Btu's of .fossil fuel inputs into typical

dwellings are required as the Btu equivalent of annual electric uses,

expressed in kilowatt hours. This "thermal:electrical" efficiency
factor is improved over time, to 60% for 1985 and 70% for 1995.

The "correct" unit energy consumption levels for gas equipment
and appliances are not widely agreed upon.  While it is clear that

fossil-powered units are less efficient in input-Btu terms, specific

equipment varies widely for many reasons.  For example, gas-fueled

2-18
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water heaters are usually insulated with only 1-1/4 inches, compared to

2 inches for electric water heaters.  Also it is worth recalling that
natural gas dr fuel oil losses in the distribution process are minimal

(say 1-2%), and there is little energy waste in- the fossil.fuel production
process.  In contrast, electrical residential use involves large energy

losses in production and transmission/distribution except for hydro-power.

The improvements in fossil-fueled home equipment projected by

Oak Ridge National Laboratories are greater than efficiency improvements

foreseen by ORNL for major electrical appliances, throughout the 1975-2000

period.  For instance, gas space-heating equipment usage will go to 70%

of 1975 levels in 1990, while electric goes to 90%.  Further, the ORNL

model projects that improved equipment efficiencies will cause 57-66% of
a

the possible savings in overall energy use in the residential sector,

while higher fuel prices will cause only 18-23% of the reduction (Reference 13).

It appears that gas-fueled home equipment is penalized excessively in the

Alternative Scenario and that fossil fuel requirements may be overstated

due to the implicit unit energy efficiencies used.  Since both method and

parametric values used are not stated, further comment here is

not useful.

2.2:.3 3 Other Residential Sector Studies;

A number of studies of the residential sector have been made for the

PNW and for other regions which may be usefully contrasted to the NRDC

methodology.  Additional studies are underway also for the region, specifically

those conducted  for the Northwest Energy  Pol icy Project  and  by  the  BPA  for
its "Role EIS" Draft. These latter studies will not be available in time
for consideration before July 1, 1977.

In  connection  with the March  1977  "Need for Power" Seattle-:hearings  of
the Nuclear Regulatory Commission, revised NERA forecasts (Reference 14 )
were presented, and this testimony has been reviewed for its bearing on

I residential projections.

These projections are based upon an econometric model, prepared for the

PNUCC group of utilities in 1975-76 and revised during 1976,  The revised model
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is described in general terms and its results for 1975-1990 in five-year

periods are tabulated. Base year is 1972 and comparisons are drawn with

the Oregon Department of Energy Model and its results in consdderable detail.

Unfortunately the available tables largely represent average annual rates

of growth comparisons, which are difficult to interpret and to compare across

studies.  This fact makes the revised NERA model of little help for this

study; however, the model appears to be well constructed and methodologically

sound for its purposes.  The model depends upon historical correlations and

avail able  data for Oregon and Washington States, and ,judOment-al-trends:
for future years are incorporated.  It does not allow for policy inputs to

model direct effects of conservation and generation policies, and such

policies could be incorporated only with difficulty and considerable

judgment_into the satprjtion/pepetration assumptions and-unit electric      i
efficiencies.

The above-mentioned testimony- dealt primarily with Oregon and comparisons-J
of the NERA model with the Oregon model forecasts: VNERA's overall midpoint

projection is for 5.3% yearly growth (AAR) while the DOE projects a 3.49%

AAR growth for 1975-1990.(33,391 to 55,900 MWh/year).  This is lower than

the revised NERA lower forecast.  The causes are due to the Oregon Study

assumptions of slower population and electric customer (household) growth,

plus implicit assumptions that industrial electric uses will increase

output/energy efficiencies and limit price-induced fuel switchovers to

electric power.

The NERA model deals explicitly with the four private utilities in the

PNUCC/West Group Area:  In 1975 these utilities provided 33. 6% of Washington

State's actual load (e.g. 16,653 kWh/year).  The NERA tables do not show

residential, commercial and industrial demands separately, and do not

show how the utilities' loads were factored to translate service areas

into statewide totals.

Econometric models are particularly useful for simulations with a

variety of assumptions about such basic parameters as forecasted population,

employment, household formation, and purchasing habits--the underlying

--

I  . . .
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cause of electric saturation estimates.  However, it is often difficult to

relate or compare an econometric model to deterministic models such as the

Alternative Scenario, or to trend projection models such as the BPA forecast

of February 1976 or projections presented by the Federal Power Commission

to the Nuclear Regulatory Commission (Reference 15).

The Alternative Scenario and the BPA forecast are based upon identical

basic parameters, as is true for the SOM Study as well.  Therefore these

studies can be usefully compared and analyzed for the residential sector.

The discussion above has pointed out flaws in the Alternative Scenario.

However, it has also demonstrated that many assumptians-of,thhe icena€.i.of
are valid and are improvements upon methods followed in the BPA forecast

and in the SOM Study.  On balance it appears that the projected conservation

savings for the two decades to 1995 are not unreasonable, as adjusted in

this study.

2.3  COMMERCIAL SECTOR DESCRIPTION AND ANALYSIS

The computations which result in the commercial sector portion

of the Alternative Scenario were reconstructed from the data and procedures

specified in Reference, 4.  Figure 2.3-1 is a schematic representation of

the  computati onal proceklur6-for -the-cbmi rcial-sectori.

1

Comiiercial
x Energy x    (1-%

Savings
    =  Net Energy

1    -Building Type Floor_Spage Int_ensuy From Conservation Consumption

Small    Office                                                                                                                                                                                                                                             -
: -I

Large. Office

Retail
Data given Data given
by year and for each Data given by year

'..

School office type office fype and office type.

Other (fossil and (kWh/ftc).
electrical).

El = total energy
consumption
before on-site
generation

.  Saving due to on-site generation (solar, TES) = percentage of El (data given for each year for
solar and TES).

J
•  Final Electrical Energy Consumption = (El - S) x Electrical Saturation.

-* :   -     .:i -
-                                           -

*
.- -

1

FIGURE 2.3-1.  COMMERCIAL SECTOR COMPUTATIONAL PROCEDURE  
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Examination of this procedure shows, as was the case with the residential

sector, that there is an implicit projection of energy requirements before

conservation initiatives are applied, incorporated in the methodology.

This can be computed by folldwing the steps shown in Figure 2.3-1, but

deleting the conservation improvements (i.e., "% savings from conservation"
= 0).  The details of these calculations are discussed in the following

paragraphs.

2.3.1  AlternatiVe Scenario Projection of Energy Consumption Before Conservation '

The energy consumption forithe commercial sector before the implementation

of conservation was computed on the basis of energy consumption by building

type.  The Alternative Scenario computed this on the basis of its projections

of regional floor space by building type but utilizing energy intensities
0 .

(kWh/ftc) by building type taken from the SOM Study, Reference 4.  These

calculations are not given explicitly in the'Alternative Scenario report

and so the difference between the energy consumption before and after the

implementation of conservation is not made 6xplicit there.  The calculations

and results are given herein in the first four columns of Tables 2.3-1 and

2.3-2 for 1985 and 1995, respectively.

The Alternative Scenario first projects the growth in total regional
commercial floor space according to the growth in federal plus "non-basic"

employment as given by BPA.  The total commercial floor space was then

allocated among the various building types in the same proportion as the

forecasted national percentages given in Reference 4. Since the :Alternative- -1
Scenario projected commercial floor space is the total floor space and not

merely the fraction that would be electrically heated and yet is applied to

projected electric intensities from the SOM Study that strictly speaking .

should apply to only "all-electric" buildings, the resulting electrical
energy consumption forecast for the commercial sector is a purposeful
overestimate at this point.1  Therefore, this computed so-called "total

effective electrical consumption" has to be converted to actual electrical

1It is mathematically correct to use an electric intensity factor rather
·    than a total intensity (electric + fossil) factor since the correction

is applied at the end of the calculation.  It would have been more
straightforward (but equivalent) to immediately connect ,total floor
space to "electrical " floor space, than multiply by the electric intensity
factor.
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TABLE -2.-3-1

1985 COMMERCIAL SECTOR ANALYSIS

(

(1)                (2)             (3)             (4)              (5)            (6)              (7)

COMMERCIAL   <
ENERGY ENERGY ENERGY NET ENERGY

SPACE
-

INTENSI -·  ·- · -USE SAVINGS - CONSUMPTION

BUILDING TYPE (X 106 ft2) (kWh/ft I (X 106 kWh) % SAVINGS (X 106 kWh) (X 106 kWh)

Alternative           2 Alternative
(SOM)2

Alternative Alternative
i (SOM)Scenariol Scenario Scenario Scenario

k Small Office 125.1 74.3 9,295 31.32 2,911 6,384

,1         Large Office 125.1 84.7 10,596 37.2 3,942 6,654

Retail 312.75 72.0 22,518 18.8 4,233 18,285

School 225.18 20.1 4,526 22.3 1 '009

3,517          

<                Other Comniercial 462.87 42.6 19,718 21.6 4,259 15,459

TOTAL 1,251.00 Avg. 53.3"
Total Effective Electrical - 66,653 16,354 50,299

Total Electrical Saturation .423 (24.5%) .423

Actual Electrical Consumption 28,194 21,276

1 2
BPA Electrical Consumption 30,800

f                                                                                                                                                                                                                                                        '

      Reference  3.  
.    Reference   4.    ..

TABLE-25332

1995 COMMERCIAL SECTOR ANALYSIS  

1

,   ;   (1)                (2)             (3)             (4)             (5)             (6)             (7)
1

1

COMMERCIAL ENERGY ENERGY ENERGY NET ENERGY
SPACE INTENSITY USE             ' SAVINGS CONSUMPTION

BUILDING TYPE '
(X 106 ft2) (kWh/ft2) (x 106 kWh) % SAVINGS (x 106 kWh) (x 106 kWh)
Alternative Alternative
Scenariol (SOM)

2
Scenario (SOM)2.

Small Office 161.91 74.3 12,030 43.3 5,209 6,821

I

Large Office 161.91 84.7 13,714 82.9 11,369 2,345
t

Retail 447.18 72.0 32,197 25.5 (52)3 8,210 (16,742)3 23,987 (15,454) 3

 
School 246.72 20.1 4,959 50.2 2,489 2,470

  Other Conmercial 524.28 42.6
, 22,334 48.4 10,810 11,524

  TOTAL 1,542.00 Avg. 55.3 Avg. 45.1

 

Total Effective Electrical 85,234 38,130 47,147 (38,614)3
(44.7%)

Total Electrical Saturation .461 .461

Actual Electrical Consumption 39,293 21,735 (17,801)3

    BPA Electrical Consumption 50,200

7

,<    2Reference 3.
Reference 4.

1 3Represents corrected version of Alternative Scenario. , - \
-
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consumption in order to be meaningful.  Although the Alternative Scenario
---- --

procedure continues to use units of total effective electrical consumption

throughout the calculations and does not convert until the final step,

it was converted here immediately in order to compare with BPA's projections

before conservation--a comparison not made explicitly in the Alternative

Scenario report, as mentioned above.  The conversion factors are total

electrical saturation factors which are independently forecasted in the

Alternative Scenario assumjng a linear .6% per_ year conversion rate from
non-electrical (fossil) to electrical energy usage.  When this conversion

i.

to actual electrical consumption is made, the before !conservation
-I.

projections are slightly lower than those provided by BPA for  1

1985 (28.2 versus 30.8 billion kWh) and significantly lower for 1995

(39.2 versus 50.2 billion kWh).  Since the Alternative Scenario independently

projects floor space and saturation values for the region, its baseline

energy forecast (the starting point from which reductions due to conser-

vation are applied) is different (and lower) from that given by BPA.  The

significant difference between the Alternative Scenario *implicit baseline

consumption and the BPA forecast highlights the importance of developing

sound business-as-usual forecasting methods.

Table 2.3-3 presents SOM floor space projections for electrically

1
heated buildings and Alternative Scenario projections for all buildings in     _t
the sector as well as electrically heated buildings.  SOM projections are

shown for each building type for 1980 and 1995.  The equivalent 1985

projections were estimated in this study.  In both 1985 and 1995 the -

Alternative Scenario projections for electrically heated floor space are

significantly lower than those projected by SOM.  These lower floor space

projections account for the lower before conservation energy forecasts in
-      Ii---

9 the  Al ternati ve Scenario.     2
---

2.3.2  Alternative Scenario Projection of Energy Consumption After
Implementation of Building Conservation

The building conservation measures adopted by the Alternative Scenario

were exactly the same as those given in the SOM Study Strategy #6, under

the mandatory implementation program (these were the strongest
1    :

conservation measures that were still cost.effective to implement according
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TABLE 2.3-3

i COMPARISON OF SOM AND NRDC COMMERCIAL FLOOR SPACE PROJECTIONS

1980 1995
SUM NRDC SOM NRDC

TOIAL TOTAL (1985) TOIAL TOTAL
BUILDING TYPE UNIT FLOOR SPACE (ft2) # UNITS   (X 100 ft2) (X 106 ft£)   # UNITS   (X 100 ft2) (X 106 ft2)

Small Office

Existing 1,500 13,453 20.2 13,453 20.2
New 1,500 7,175 10.8 28,700 -33.0

 

Total 31.0 125.1 63.2 161.91

Large Office

Existing , 50,000 236 11.8 236 11.8
1 New 50,000 118 5.9 496 24.8

Total 17.7 125.1 36.6 161.91
1

Retail

Existing 49,986 889 44.4 889 44.4
New 49,986 500 25.0 1,973 98.6

Total 69.4 312.75 143.0 447.18

School

Existing 44,925 3,212 144.3 3,212 144.3
1

New 44,925 1.650 74.1 6,091 273.6

Total 218.4 225.18 417.9 246.72

.
Other Commercial

Existing 36.754 '3,577 131.5 3,577 131.5
New 36,754 1,724 63.4 6,578 241.8

1 Total 194.9 462.9 373.3 524.3

GRAND TOTAL                       ,                   531.4    .,1,251.0 1 1,034.0 1,542.0 2
(698.9 in 1985) 529.2 710.8

1                                                                      -'

The corresponding electrical floot space for 1985 is 529.2.
2
The corresponding electrical floor space for 1995 is 710.8.

-

---

to  the SOM Study). The. percentage lof energy savings  over the no-conservatio 
- -- - -J

case Gould be determined by addihg Lthe. kWh Eifings from.both existing       -*-1,
.- .-     . --1-

and new buildings of each building type and dividing bytthe total amount

of electrical energy that would be consumed if no conservation were implemented.

These percentages were computed based on the data given in the SOM Study

for 1980 and 1995.  The computed percentages matched those given in the

E-Alternative  ScenaAo  report-for  1995_(exsept for retail buildings_which willl
be discussed), and the 1985 values Iiiall between the 1980 and 1995 values    _- 
and so were assumed to be interpolated.  Only these percentage savings were

-ra-pplied in the Alternative Scenario and not the actual kWh savings.- This was   \
-

7
.
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due to the fact that the total electrical commercial floor space by

building type was different in the two scenarios as discussed in the previous

section.

Based on these percentage savings the actual electrical energy savihgs

could be computed by applying these percentages to the total effective

electrical consumption by building type computed by the Alternative Scenario.  1

From this result the net energy consumption (consumption after conservation

is taken into account) can be determined by subtracting the savings from

the energy consumption before conservation is implemented.  These calculations

are shown in columns 5, 6, 7, Tables 2.3-1 and 2.3-2.  After summing the

net energy consumptions by building type over all the building types, the
total energy consumption expressed as total effective electrical consumption

for the commercial sector is obtained. These sums are shown near the bottom

of column 7 on Tables 2.3-1 and 2.3-2. Note that it would be invalid to

compare these values at this point to BPA's values for total electrical

energy consumption in the commercial sector for the years 1985 and 1995,

since the comparison would not take into account electrical saturation

effects.

Several numerical or data citation errors were discovered in. the

course of reconstructing this part of the Alternative Scenario. The figure
of 50.2 billion kWh attributed  to  BPA  by the Alternative Scenario report for       I
the 1995 commercial sector consumption is not correct.  The correct figure

is 44.2 billion kWh as given in the SOM Study on.p. 121 from data supplied

by BPA.

Two other computational errors are discussed below.

1.  RETAIL BUILDINGS - An error in the SOM Study analysis of retail

buildings was inadvertently incorporated in the :Alternative Scenario
analysis.  On page 165 of the SOM StudA a total savings of 3,622
x 106 kWh for new retail buildings in 1995 is shown.  This

consists of 2,734 x 106 kWh saved due to mandatory compliance with

the ASHRAE 90-75 building codes plus 888 x 106 kWh due to other

miscellaneous mandatory conservation measures.  Yet in the summary
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table on page 121, only this latter 888 x 106 kWh savings is

shown resulting in a 25.5% savings for retail buildings rather

than a 52% savings for retail buildings based on the correct

savings of 3,622 kWh.  Unfortunately, the Alternative Scenario t

Study uses the incorrect value of 25. 5% in its calculations

as cited in page 52 of Reference 3..

2.  STREET LIGHTING - This category of energy consumption was neglected

in the Alternative Scenario report.  The category labeled "Other" -  
refers  sol ely to "Other Commercial "  in  the SOM report  and  does
not include "Street Lighting." This can be verified by
calculating the percentage savings  due to "Other Commercial "  and

then "Other Commercial" plus "Street Lighting," which are
48.36 and 45.8, respectively.  The former value is the one

cited in the Alternative Scenario Study (Reference 3, page 52).

Two other general methodological problems are described here.  First

projecting energy consumption according to total energy intensities by

building type rather than according to end.use service (as is done in the

residential sector) is not the best projection method.  However, since

data were not available by end-use service consumption in the PNW commercial

sectog this could not be avoided.  Secondly, the conservation strategy

adopted from the SOM Study assumes implementation dn 100% of all commercial

buildings by 1995.  This assumption may be questioned even for a mandatory

conservation program in terms of its economic and institutional feasibility

(discussed further in Section 4.5).

The resolution of the problem with street lighting is presented in

Table 2.3-4 wherein the energy consumption and savings projected in the SOM

, Study under Strategy #6 (the strategy adopted by the Alternative Scenario:for     '

commercial building conservation) are given.  The 1985 values are                 I

interpolated assuming an exponential implementation rate between 1980             4

and 1995.

When this street lighting consumption data is incorporated together

with the correction to the retail building consumption data, a revised or .
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TABLE 2.3-4

PROJECTED STREET LIGHTING CONSUMPTION AND SAVINGS1

(X 106 kWh)

1980 1985 1995

LIGHTING ENERGY ENERGY ENERGY ENERGY ENERGY ENERGY
TYPE USED SAVED USED SAVED USED SAVED

Existing 500 115 500 115.0 500 115

New 300          69 4892 112.5 1,300 299

TOTAL 800 184 989 227.5 1,800 414

NET
616 761.5 1,386CONSUMPTION

(X 106 kWh)

t

1 :1
Data for 1980 and 1995 taken from SOM Study (Reference 4, pages.120 and.121),

Interpolated values between 1980 and 1995 based-on an exponential implementation
'

rate between the two years with an average 1,450 kWh/lighting unit consumption.

corrected Alternative Scenario projection is obtained.  In Table 2.3 5, a

corrected scenario for the commercial sector is presented alongside the

uncorrected, as given, version.  The result is that in 1985 the correct

consumption is slightly higher (4%) than the uncorrected value, whereas

in 1995 the correct consumption is somewhat lower (12%) than the uncorrected

value.  This corrected scenario is only valid up to this point in the

reconstruction of the entire scenario.  In particular, the further savings
1 due to on-site energy sources have not yet been accounted for.  However,

the corrected scenario will be carried along through completion of the

scenario reconstruction in the remaining sections.

-            -                          -
I
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IABLE 2.3-5

CORRECTED ALTERNATIVE SCENARIO FOR THE COMMERCIAL SECTOR*
* 1--  -  . -  I -

1985 1995
- . .  --

ENERGY CONSUMPTION
CATEGORY (X 106 kWh) UN-CORRECTED COFikECTED -UNCORRECTED CORRECT-Eb

Retail Buildings 18,285 18,285.0 23,987 15,454

Other Commercial Buildings 32,014 32,014.0 23,160 23,160

TOTAL EQUIVALENT
-

50,299 50,299.0 47,147 38,614

TOTAL ACTUAL
(Saturation .423 .461 21,276 21,276.0 21,735 17,801
in 1985, and 19§5)

Street Lighting                      0          761.5           0          1,386

GRAND TOTAL 21,276 22,037.5 · 21,735 19,187

% CHANGE +3.6% -11.6%

*
Does not include conservation due to on-site energy sources.

2.3.3  Alternative Scenario Projection of Energy Consumption after Implementation

. of On-Site Energy Sources -    -

-

+      The Alternative Scenario also includes a small amount of on ,site
energy sources whichireduce the sectorls dependence on central    1  -

station sources.  These on-site sources consist of solar systems and total

energy systems which reduce the total effective electrical consumption by

the same amount in which they are implemented:

1985 1995

Solar                1%            5%

TES                 2%          10%

The effects of these further conservation measures on the total effective

electrical consumption of the sector are shown in Table 2.3-6 which

completes the definition of the (corrected) Alternative Scenario.
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l TABLE 2.3-6

SUMMARY OF COMMERCIAL SECTOR ANALYSIS
ACCORDING TO THE ALTERNATIVE SCENARIO I

1985 1985 (Corrected) 1995 1995 (Corrected)

Total Effective Electrical Energy
,Implicit Baseline' (X.106 kWh)lkWh) 66,653 66,653 85,234 85,234
------  1   -*                -

Total Effective Electrical Ener.gy
After Building Conservation
(X  106 kWh) 50,299 52,098 47,147 41,620

Percentage On-Site Generation:

Solar                             1%              1%           5%             5%

TES                                 2%·               2% 10% 10%

Amount Saved from On-Site
Generation:

Solar 503 521 2,355 1,931

TES 1,006 1,042 4,710 3,861

TOTAL '
1,509 1,563 7,065 5,792

Total Effective Electrical Energy
After On-Site Generation
.(X 106 kWh) 48,790 50,535 40,082 35,828

Total Effective Electrical
Saturation .423 .423 .461 .461

.

Actual Electrical Consumption
(X 106 kWh) 20,638 21,376 18,478 16,517

% Change +3.6% -10.5%

The corrected versions of the Alternative-Scenario show that the error

is somewhat low for 1985 and somewhat high for 1995.  These differences

  are not of sufficient magnitude to affect any conclusions, and are not con-

sidered in the economic analysis of this sector (3.6).

There are, however, other general methodological problems.  Although
1 1

b     it is stated in Table 14 of the Alternative Scenario report that the implementa-

      tion of the on-site energy systems provide the stated fractions of the

-         -.- 7
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heating requirements, these fractions were nevertheless applied to the

total effective electrical consumption after the implementation of building

conservation, as shown in the summary given in Table 2.3-6.  Thus the table

is mislabeled relative to how these systems were actually implemented

in the scenario. The stated procedure would have been a more logical
assumption. 1    7-

-                      -     . -                           2224.-Ilb£=--I-,1' .
In terms of the manner in which thei Alternatiye.Scejarto resulys are    '       '.-- -    .    -'--'---5-  I

presented, it is suggested that the following summary Table 2.3-7 would be

more perspicuous. This table immediately reveals that while the 11Tplicit   '
Lbaseline-Pfoj-estions-are only_slightly-lower th p BPA/5011_jn .1985,   -     -

they  ape_ Eych lower  in   1995  and, more signif-icantly,   that the absolute magnitude
-- --i.  1 -  Ip -

of the savings are only slightly greater than SOM's for both years.  This
-                  .-I

latter result should not be unexpected since the,Alternative Sgenario  3
used SOM's percentage savings by building type to which was added only a

modest amount of on-site systems. Thus, while the  Alternative Scenario _-]
projected energy savings are significant (20.8 billion kWh in 1995), they

are not significantly greater than those obtained in at least one other

study, and certaloly
-are.not -as-  great  as   wowld---appear   from- a   direct-compariso-n-_    ___ F-        .- of BPA and Alternative Scenario projections in any given year (e.g., 50.2

versus 20.8 billion kWh in 1995).

E-
B                   TABLE 2.3-7

COMPARISON OF ALTERNATIVE SCENARIO AND BPA/SOM
ELECTRICAL REQUIREMENTS (106 kWh) FOR THE

             COMMERCIAL SECTOR OF THE PNW

J» 1985 1995

BEFORE CONSERVATION 1 AFTER CONSERVATION SAVING f -    BEFORE'CONSERVATIOpl j .AFTER CONSERVATION SAVINGS
..

I                                                   b
BPA/SOM 30,800 24,224 6,576 50,200/44,200 30,660/24,66<' ·.  19,540

-.

ALT: 28,194 20,638 7,556 39,293 18,478 20,835
SCENARIO

;
11'Implicit,baseline" projection for Alternative Scenario. 1 950   A •4    1 Sh   vt  :·-    C2           -·   t -   P.    ,
12The 1985 values for BPA/SOM savings were interpolated exponentially between the 1980 and 1995 values   1              +
igivenlin'Reference'4,· p:  120,  for the mandatory implementation program. r i . . .   Cr,1, i SPA .1            1

 ] TheliaRGE;MASi,  figures  indicates  the BPA versus  the SOM figures,  respectiv;iy.     Only  the  SPA     '1'.
 before.conservation figure  and the Altp native Scenario after conservation figure are given expl icitly  I

-c..1-in the Alternative  Scenario;- -- ,- .-.

981/2/12rlexi
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2.3.4  Summary and Conclusions of Commercial Sector Description
-

.

The primary prupose of this section was to attempt to reconstruct
-     -                                ..i

 the Alternative Sc inario commei'cial sector from the data .and procedurest"c,-  - 7 -3     :
L....L_lrIspecified. in the report. Although some problems with the data, computational -1

-I.

procedure, and methodology were discovered in the course of this reconr

struction, these problems are not believed to significantly affect their .-\,overall results. Indeed, they show that the energy savings deriyed_on.the_ ___12-1
--                                                                           - 1-  9-  -

basis of the assumptions made and procedures used result in a conservative

net error in 1995 (see Table 2.3-6).  As noted, much of the reason for

the lower energy projection vis-a-vis BPA's estimated requirements stems

1_ f-rgnia-lower  (1-mp.ficit-b3§.gline)   projg.stion  of  energjOequirements.    A        J
schematic of the projected electricity requirements for this sector for

the two scenarios is presented in Figure 2.3.2,

4-

POWER PLANT SCENARIO   
PROJECTION . \50

= ALTERNATIVE SCENARIO IMPLICIT
R                                                                                                                                                       BASELINE

&r 400                                                         j- -0--
I 12 -,-*-
m                           ---
W 30 --
Dr-                                                                       '.-
&5

---
L.6.1 0-
. --*---                                                                     ALTERNATIVE SCENARIO

It 20 - ---, .-I
.-I -Il/&-.-

e .-I- i PROJECTION

e---.-..-0-----------9 ALTERNATIVE SCENARIO
w                                                                                                                - PROJECTION

 1· LU (CORRECTED)

:£   10-
1                                                                                                                       1 GWe PLANT AT 75% LOAD FACTOR
1

.1

1 T
1975 1985 1995

YEAR                  1

0                                                                             .FY
---

FIGURE 2.3-2.  COMPARISON OF ELECTRICAL ENERGY CONSUMPTION FORECASTS FOR
THE COMMERCIAL SECTOR OF THE PNW, 1975-1995

\
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Next,it should be noted that the final actual electrical consumption

determined depends critically on the electrical saturation values the

Alternative Scenario projects.  For example, if the saturation values were      1

1.0 in 1985 and 1995, then the total actual electrical consumption would

equal the total effective electrical consumption (the latter values are

shown on the fourth row from the bottom in Table 2.3.6).  If this were

the case, then the Alternative Scenario would produce higher projections              

than BPA's for the commercial sector for 1985 (48.8 versus 30.8 billion kWh)

and, while the projections would be lower than BPA's for 1995 (40.0 versus

50.2 billion kWh), they would be more than twice as high as the Alternative   /

Scenario actually forecasts.  Hence the assumption of a constant .6% rate

of electrical substitution on which the forecasted saturations were based

is critical.

It is noted in the Alternative Scenario report that differences betweenthe

scenario and BPA projections are the result of the savings achieved by the

adoption of the Alternative Scenario efficiency improvement measures and different

projections of energy requirements, apart from those measurements.  Nevertheless

it is misleading to present the final projected consumption figures in juxtaposition

to BPA's projected figures without also presenti·ng the (implicit) baseline fore-

cast (before conservation is implemented).  As presented, the misleading impres-

sion is given that the conservation scenario represents an energy savings from

that of BPA's rather than from a different (unstated) baseline projection.

2.4  MANUFACTURING SECTOR DESCRIPTION AND ANALYSIS

The Manufacturing Sector in the Pacific Northwest region comprises

a variety of industries as shown in Table 2.4-1.  IA 1975 this Sector's

energy requirements represented 48% of the region's electrical energy

demand and 44% of the fossil energy demand, making it the largest of

the four energy consuming sectors in the Northwest.  Two dominant

industries in this sector from an energy viewpoint are the primary aluminum

industry and the paper and allied products industry.  Primary Aluminum

production in 1975 was responsible for over 50% of the sector's electricity

demand, and the paper industry accounted for over 25% of the sector's
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TABLE 2.4-1

 
PNW MANUFACTURING SECTOR ENERGY  REQUIREMENTS  IN  1975     

--- ..,..  -  =   -                                                                                                                                                                                                                                                                                                    1

BPA ALTERNATIVE SCENARIO
. ISUBSECTOR ELECTRICITyl

ELEC3RICITY2 FOSSI  FUELS
3

NUMBER INDUSTRY (109 kWh) (10 kWh) (10'Z Btu)

1     Food & Kindred Products 1.33 1.4840 46.200

2     Textiles & Apparel                -               0.03146               -

3     Lumber & Wood Products 4.22 4.0890 49.150

4     Paper & Allied Products 6.79 6.5490 95.190 0 1
5     Printing & Publishing            - 0.1427 1.575

6     Chemicals & Allied Products 3.21 4.7820 .18.130

7     Petroleum & Coal Products        - 0.6424 59.910

8     Stone, Clay & Glass              - 0.5688 18.680

9     Iron & Steel 0.72 1.2060 17.280

10   · Non-Ferrous, Non-Aluminum 1.72 2.1860 14.240

11     Primary Aluminum 26.85 27.2900 4.300  '

12     Fabticated Aluminum              - 0.2642 3.308

' 13 Machinery & Electrical            - 0.4756 5.314
Equipment

14     Aerospace Equipment 0.7619 8.536

15     Other Transportation 0.2808 2.677
1 Equipment                         -

4Other Manufacturing 7.40 1.8540 14.170
41

TOTAL 52.24 52.6000 358.700

1Calculated from 1974 actual industrial electricity use data and projections

of industrial electricity use to 1980 given in Reference 4, p. 182.
2Reference 3, Table 45, p. 176.  Includes on-site generation existing

in 1975 in subsectors 3, 4 and 7 to the eitent of 10%, 60% and 10% of the
respective total electrical energy requirements.

„P Reference 3, Table 23, p. 73. -

4
Includes electricity requirements of subsectors 2, 5, 7, 8 and 12 through
15.

r.
C   .                                 \       fi
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fossil energy demand.  While the paper industry's electrical energy

requirement ranks second only to that of the primary aluminum industry,

it has the distinction of producing over half its power on-site (60% in

1975), purchasing only the remaining.

The estimation of electrical energy requirements in future years

from the perspective of generation planning has traditionally been in

the domain of the electric utilities.  Such estimations usually rely on

past consumption patterns with some modifications, and almost always

represent a business as usual trend.  This appears to have been the case

in projections of the manufacturing sector's electricity demands in 1985

and 1995 in the Power Plant Scenario.  In contrast, the Alternative Scenario,

included an almost zero-based projection of these same future demands

for each subsector and derived consumption patterns significantly different

from those of BPA.

It is the purpose of this section to analyze the Alternative Scenario

energy projections in the manufacturing sector to 1985 and 1995

and critically evaluate both the methodology and results of the two

projections.

The 1975 total electrical energy requirements- (including on-site
generation) of the individual subsectors of the manufacturing sector

are shown in Table 2.4-1. The-BPA 1975 electricity demands were derived
from actual consumption data in 1974 and projections to 1980 given inthe
Skidmore, Owings & Merrill Study (Reference  4).  This procedure

.-

could account for the differences between individual BPA and Alternative Scenario

subsector demands in 1975 evident from Table 2.4-1.  Rather than highlighting

these differences in 1975, the intent of Table 2.4-1 is to show the much

1 higher level of disaggregation that the Alternative Scenario provides in the

sector.  Table 2.4-1 also shows the 1975 fossil energy requirements of each

subsector as given in the Alternative Scenario.  BPA has provided no estimates

of the fossil energy demands in any of the subsectors since their concern

is primarily with:electricity de*and,
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-- 1The Alternative Scenario andlysis of future electrical energy requirements   _1
for the manufacturing sector in the period 1975 through 1995 is based on the
f611-owing- six assumptions-:

a.  During the 20-year period of the scenario, improvements in

the energy efficiency  in the entire manufacturing sector woul d
reduce the amount of energy used per unit of product by 20%

(Reference 3, p. 56).  Of this reduction, one-fifth or 4%  i s

' assumed to occur by 1985 (Reference 3, p. 61).

b:  Substitution of electrical energy will occur for the entire non-
electrical energy portion of the manufacturing sector at a linear

rate of 0.6% per year (Reference-3,-pp. 62 and 171).

c.;   Substitution of energy (electrical and non-electrical ) for labor

will occur at a linear rate of 1% per year between 1971 and

1995 (Reference 3, p. 62).

'd. ' Small increases in.on-site generation of electricity will occur
P

either by self-generation or by using wastes.  The subsector

designated "Other manufacturing" would  rely on self-generation
for 2% of its total electrical energy needs in 1985 and 8% in

1995.  In the lumber and wood products industry, the fraction

of total electrical energy requirements from waste generation

would increase from 10% in 1975 to 20% in 1985 and 30% in 1995.

The paper and allied products industry and the betroleum and
coal products industry would continue to maintain on-site

generation capability at 60% and 10% of their total electrical

energy requirements, respectively (Reference-3,  pp,  63  and  177).
---              -                    -                            -

e.  The supply of electrical energy by BPA to the aluminum industry

would be phasedodown- over  the  period 1985-1993-as present  firm
power contracts for plants 35 years or older expired over this

time frame.  Only two of ten existing plants would continue

operation with BPA power beyond 1995.  These two plants (Intalco

at Ferndale, WA, and Martin Marietta at Goldendale, WA) account

for 23% of the present regional aluminum production capacity or
7% of national capacity (Reference 9, pp.€79.and 80).1

The Alternative Scenario yields an energy surplus by 1995, which-would be
sufficient to retain the aluminum industry if that option were selected.
Availability of this surplus energy is, however, contingent upon the successful
achievement of the rates of growth and rates of conservation implementation
defined in the scenario. ...Ill--.-- -I.. -/-6
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f.   Employment is the fundamental determinant of future electrical

needs in the manufacturing sector.  The total employment projected

for 1885 and 1995 under the scenario is identical to the BPA

projections.but distributed over the utanufacturing subsectors  in

proportions different than those given by BPA (Reference 3, p. 66).

Except in the aluminum industry, where the projected level of

employment would decrease by 77% between 1985 and 1995, the

employment levels in each subsector of the modified manufacturing

mix do not vary from BPA's projections by more than 1 2% in 1995

(Reference 3, p. 64).

The reconstruction of the manufacturing sector energy requirements

in 1985 and 1995 using the Alternative Scenario assumptions described is

detailed below. The Alternative Scenario and BPA stipulated subsector employr
ment levels in 1975, 1985, and 1995 are shown in Table 2.4-2. The Alternative
Scenario assumption of linear rates of change in fossil and electrical

i energy consumption due to substitution effects are assumed to start to

apply to the 1975 fossil and electricity demands in each subsector, rather

than the implied baseline year of 1971.  The effect of this interpretation

does result in small but consistent differences between this study and the

Alternative Scenario results.  The overall effect is negligible.

Two algorithms incorporating the Alternative Scenario assumptions were
developed to compute 1985 and 1995 fossil and electrical energy requirements _ -

in each subsector. The fossil energy consumption in ,subsector j is given by:

1975+AT   < 1975
'

1975
'

1975+AtF       =  F    -(0 006)xATxF   +(0 01)xATxF1975  x(1-be)xR
where,

'

Fj
1975

= 1975 fossil energy tonsumption in subsector j, Btu 's

AT         10 for 1985 and 20 for 1995

Ae       = Fractional decrease in energy demand due to conservation;
0.04 for 1985 and 0.20 for 1995

R        = NRDC ratio of 1985 to 1975 amployment levels in subsector j1985

R       = NRDC ratio of 1995 to 1975 employment levels in hubsector j1995
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TABLE  2.4-2

MANUFACTURING SECTOR EMPLOYMENTl
ae» (in 103)<38

.

1975 EMPLOYMENT RATIO OF 1985/1975 RATIO OF 1995/1975
SUBSECTOR  3 NRDC & BPA EMPLOYMENT LEVELS EMPLOYMENT LEVELS
NUMBER (in 103) NRDC BPA NRDC BPA

1 69.2 1.0884 1.0853 1.1642 1.1517

2 13.6 1.2412 1.2132 1.5081 1.3971

i                                                                                                                                                                                                   h
3 135.6 0.9735 0.9801 .0.7876 0.8024 4,  '3

4               - 28.2 1.0528 1.0603 1.0475 1.0674      .

'                5 22.7 1.3247 1.2952 1.7119 1.5859

6 10.9 1.2211 1.2294 1.3862 1.4128

7 3.0 1.2843 1.3333 1.3543 1.5333
/

8 11.2 1.2232 1.2321 1.4018 1.4286
'. I.

9 8.5 1.1800 1.1882 1.2588 1.2824

10 4.9 1.1551 1.1633 1.2618 1.2857

11 14.4 0.9965 1.1806 0.2294 1.2708

12 20.4 1.3637 1.3333 1.7250 1.5980

13 48.9 1.4370 1.4049 1.9051 1.7648

14 52.6 1.2070 1.2034 1.3837 1.3688

15 28.3 1.3601 1.3428 1.6809 1.6007

16 23.9 1.4017 1.3975 1.8322 1.7782

' :  TOTAL 496.3 1.1654 1.1654 1.2569 1.2569

r              ...., ':'

. ' .

1.              -                                47
NRDC Report, Table 17, p. 66 (Reference 3 ).         .

\£
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The first term of the equation represents the change in 1975 fossil

energy consumption in subsector j due to substitution with electricity

and substitution for labor, and indicates the consumption level with all

other factors remaining unchanged (i.e., no conservation and no growth

in subsector output).  The second term captures the change in fossil

energy consumption if conservation programs were implemented.  The last

term which is the employment ratio relative to 1975 is a surrogate multiplier,

which was assumed to be equivalent to the ratio of subsector output

relative to 1975.  Although this assumption is not made explicitly clear
in the Alternative Scenario Report, it is implied-in their assumption on

'

employment effects on energy consumption (Assumption (vi)).

It is interesting to note that the Alternative Scenario employment ratio

is less than 1 only in two subsectors both in 1985 and 1995.  These subsectors

are the lumber and wood products and the primary aluminum industries.

The Alternative Scenario assumes the aluminum industry to be phased down             .

substantially by 1995 starting from October 1986.  BPA, however, assumes

continued growth in this subsector.  There is no explanation either from

BPA or the Alternative Scenario to why the employment in the lumber industry
declines.

The electrical energy consumption in subsector j is given by:

E      = fE  +E
+(0.01)xATxE 975 

x(1-Ae)xR
1975+At L1975 1975+AT 1975+At

Where

Ej
1975

= 1975 electrical energy consumption in subsector j in kWh

1 ..                                                              1

E        = Electrical equivalent of fossil energy substituted'in-kWh.
1975+At

=  <(0.006) x at x F    x 0.67/3412 
by Alternative Scenario

1975 definition

The results of calculated subsector energy requirements for 1985

and 1995 and those given in the Alternative Scenario Report are compared in

Tables 2.4-3 and 2.4-4. The differences between -the two in the total energy

requirements are about 1% in 1985 and about ·3% in 1995, These differences             i

are small and arise for reasons stated earlier.
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TABLE 2.4-3
 

MANUFACTURING SECTOR ENERGY REQUIREMENTS IN 1985

CENTRAL STATION REQUIREMENTl

·-,---/. FOSSIL ENERGY (10 Btu) TOTAL ELECTRICITY (109 kWh) (109 kWh)
12

SUBSE TOR/- ALTERNATIVE. ALTERNATIVE ALTERNATIVE           i
CALCULATED CALCULATED CALCULATED

SCENARIO SCENARIO SCENARIO

1 50.2 49.67 2.274 2.338 2.274 2.338

2                  -                  - 0.04123 0.04108 0.04123 : 0.04108
.

3 47.77 47.24 4.745 4.795 3.796.
-

3.836

4 100.06 98.98 8.415 8.528 3.366 3.411

5 2.08 2.061 0.2232 0.2254 0.2232 0.2254

6 22.10 21.85 6.417 6.424 6.417 6.424

7 76.82 76.69 1.742 1.838 1.568 1.654

8 22.81 22.57 0.993 1.023 0.993 1.023

9 20.36 20.14 1.733 1.757 1.733 1.757

10 16.42 16.24 2.853 2.866 2.853 2.866

11 4.28 4.232 28.77 28.67 28.77 28.67

12 4.50 4.455 0.4315 0.4364 0.4315 0.4364

13 7.94 7.541 0.8079 0.8161 0.8079 0.8161

14 10.29 10.17 1.088 1.099 1,088 1.099

15 3.64 3.595 0.444 0.448 0.444 0.448

16 19.83 20.02 2.969 2.986 2.910 2.927

TOTAL 409.1 405.5 63.95 64.29 57.72 57.97

After subtracting on-site generation in subsectors 3, 4, 7 and 16.
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                     TABLE 2.4-4
MANUFACTURING SECTOR ENERGY REQUIREMENTS IN 1995   ,

1

CENTRAL STATION REOUIREMENIT

FOSSIL ENERGY (1012 Btu) TOTAL ELECTRICITY (10  kWh) (109 kwh)

SUBSECTOR ALTERNATIVE ALTERNATIVE ALTERNATIVE
CALCULATED CALCULATED CALCULATED

SCENARIO SCENARIO SCENARIO

1 46.47 45.0 2.672 2.886 2.672 2.886

2                 -                  - 0.04555 0..04526 0.04555 0.04526

3 33.45 32.38 3.821 3.962 2.675 2.773

4 86.15 83.41 8.465 8.839 3.386 3.535

5 2.33 2.256 0.285 0.2951 0.285 0.2951

6 21.71 21.02 6.838 6.903 6.838 6.903

7 70.10 69.21 2.365 2.684 2.129 2.416

/ 8 22.62 21.9.   « 1.259 1.363 1.259 1.363
.

9 18.79 18.2 1.867 1.949 1.867 1.949

10 15.52 15.03 2.987 3.045 2.987 3.045

1  1       11

0.852 0.825 6.02 5.995 6.029 5.995

12 4.930 4.773 0.545 0.5661 0.545 0.5661

13 8.747 8.469 1.061 1.097 1.061 1.097

1          14 10.20 9.88 1.235 1.277 1.235 1.277

15 3.888 3.764 0.538 0.5537 0.538 0.5537

16 22.43 23.81 3.750 3.838 3.450 3.531

TOTAL 368.2 359.9 43.8 45.3 37.00 38.23

After subtracting on-site generation in subsectors 3,4,7 and 16.

-,- -/
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Having checked the numerical validity of the NRDC projectidnssoff

C .. -
future energy requirements in the manufacturjng,sector. it_is_now\possible---          P

1..&22-compare_and-contrast  it wlth_the-Iesults.of  the  BPA projections-in  this- -
sector to 1985 and 1995.  In this comparison only the central station

electricity requirements of the subsectors are conside .edi+since it is

this requirement that fundamentally impacts BPA.  Table 2.4-5 shows the
.

i subsector aggregati6ns in the same format as given in the SOM atuflt<
(Reference 4) along with the respective subsector electricity requirements
in 1975, 1985 a.[Id 1995.  It_is_imgortant Jq._reiemphasize-that the Power

Plant Scenario is a business-as-usual.scenario, while the Alternative Scenario
- -..i--=..I-*.1-Ill----

is predicated on effects of employment mix changes, conservation-programs,.

etc.

TABLE 2.4-5 (-r: :2 I.

i.,1
PNW MANUFACTURING SECTOR

CENTRAL STATION ELECTRICAL ENERGY REQUIREMENTS

/   9/ (10'   kWh   per  year)       ---      -._: _.T
· 7.'../d .. *....-----

0
Alternate 19751

19752- 1985
3       1985 5       1995

1995
·

1
Scenario Industry (BPA/SOM) (BPA/SOM) (BPA/SOM)(Alternative (Alternative (Alternative

#     Subsector # Scenario) Scenario) Scenario)

1           Food & Kindred Products 1.33 1.48 1.85 2.34 2.80 2.89

N        3           Lumber & Wood Products 3.80 3.68 5.10 3.84 6.84 2.77

4           Paper & Allied Products 2.72 2.62 3.48 3. 41 4.32 '      3.54

6           Chemicals & Allied Products 3.21 4.78 4.68 6.42 7.10 6.90

9      ·     Iron & Steel (Ferrous) 0.72 1.21 0.86 1.76 1.00 1.95

. 10 Non-Ferrous, Non-Aluminum 1.72 2.19 1.83 2.87 1.90 3.05.

|        11            Primary Aluminum 26.85 27.29 30.32 28.67 32.70 6.00

&   2, 5, 7, 8 Other Industrial 7.34 4.96 27.43 8.67 65.43 11.40

12 through 16

t

TOTAL 47.69 48.21 75.55 57.98 122.09 38.24-

1.11-
  U'  ·1 ·         '-  - ----Calculated from 1974 actual industrial electricity use data and projections of industrial electricity use to 1980 given
       in the SOM Study, p: 182 (Reference 4), and modified to exclude on-site generation existing in 1975 in subsectors 3, 4
· and 7 to the extent of 10%, 60% and 10% of their respective total electrical energy requirements (Reference 4), p.  177).

.i
2Alternative Scenario Report, Table 19, p. 69, given as central station electrical energy requirements, i .e., excluding
on-site generation existing in 1975 1n subsectors 3, 4 and 7 (Reference 3).

1
3Calculated from projections of total industrial electrical energy requirements for the PNW in 1980 and 1995 given in

3

the SOM Study, p. 182 (Reference 4), and modified to exclude on-site generation in subsectors 3, 4, and 7 to the extent

of 10%, 60% and 10% of their respective total electrical energy requirements (Reference 4, p. 177).
           4Alternative· Scenario Report, Table 19, p. 69, given ascentral station electrical energy requirements, i,e., excluding

(
on-site generation in subsectors 3, 4, 7 and 16 (Reference 3).

5Modified from projections of total industrial electrical energy requirements for the PNW in 1995 given in the SOM                '4
(      Study, p. 182 (Reference 4) to exclude on-site generation in subsectors 3, 4 and 7 to the extent of 10%, 60% and 10% of              ,

their respective total electrical energy requirements (Reference 4, p. 177).

3
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The most significant difference between the two projections in

1985 is in the subsector designated "other industrial." <The ten-year   1

growth rate of electrical energy demand in this subsector as projected

by BPA is 14% per year compared to less than 6% per year by the Alternativ-e _,/

Scenario.  In 1985, this difference in growth rates accounts for nearly

94% of the difference in the total electricity requirements in the two

projections for the entire sector.  This difference, in the same subsector,

is considerably greater in 1995, where BPA's projections of 65.4 x 102 kWh

is almost six times as great as the 11.4 x 109 kWh given by the.Alternativei

Scenario.

These differences are too large to be explained on the basis of

a conservation versus no-conservation theme.  The fundamental reason

that underscores this wide disparity in the two estimates must therefore

be in the different energy projection methodologies adopted by BPA and
F  -- -the Alternative Scenario, It appears that BPArs trend extrapolation over-

estimates the energy demand in this subsector for the following reasons.

BPA has projected the total_s-ector  requiremeptS   to   1985  and 1995 based   on
1

past trends.  From this, selected subsector projections for which adequate
- / - - = .I- · --·- - -7.    -

energy demand growth data was -available were'subtracted and  the final
difference from the total seems to have been ascribed to the "other

industrial" category. There appears to have been no independent validation
1

of the actual consumption in this category. .On the other hand, the '
-*.I

Alternative Scenario's zero-based projection follows a rather unorthodox             '-3
procedure, particularly with regard to the impact of employment mix changes

on energy demand.  This may possibly underestimate the requirements due to

consideration of surrogate labor multipliers rather than forecasted output

to estimate future energy demand.

As  part  of  this eval uation, a scenario  for the manufacturing sector

was developed following the above described reconstruction procedure of the

Alternative Scenario, but in which energy conservation was excluded and

- ./.    ..*i-*-  --I-i-

1
BPA personnel verbally indicated (Reference  16)  that the "other industrial "              
category includes unaccounted-for residues from the other sectors as well.
Since no documentation of this was available, it was assumed this category
applied strictly to the manufacturing sector.
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TABLE 2.4-6

MANUFACTURING SECTOR CENTRAL STATION

ELECTRICAL ENERGY REQUIREMENTS

(109 kWh)

jALTERNATIVE  CENARIOI
POWER PLANT  - U ·JIMPLICIT BASEI.,INO-, ! ALTERNATIVE SCENARIO'     1

YEAR SCENARIO 2 ·   PROJECTION.'   3    -_ .-_  2- -J

1985 75.6 60.7 58.0

1995 122.1 70.0 38.2  With Phasedown Bf
Aluminum Industry

64.9  Without Phasedowneof
Aluminum Industry

lDetermined in this study.

-

the Alternative 526-ftario employment ratios in 1985 and 1995 were replaced

with the corresponding BPA employment ratios.  All substitution effects

were left unchanged.  The results of this calculation are shown in Table 2.4-6

and amply demonstrate that had the Alternative Scenario included '.an implicttr -
baseline electrical energy projection, it would have shown con i8erably  f

lower energy .demands 'relative  to  BPA's  in both years.

This determination has important implications with respect to the electrical

energy demand differences stated in the AlternatiVe Scenario in this sector
relative to BPA projections, i.e., 17.6 x 10  kWh in 1985 and 83.9 x 109 kWh

in 1995 (see Table 2.4-5).  Considered from the hypothetical although logical

baseline projection rather than from BPA's, the 1985 and 1995 demand reductions

possible in the Alternative Scenario are much smaller, i.e., 2.7 x 109 kWh

in 1985 and 31.8 x 109 kWh in 1995 (see Table 2.4-6).  Furthermore, if none

of the aluminum plants were retired by 1995, the baseline projection would

not be 38.2 x 10  kWh but rather 64.9 kWh, the difference arising from the

electrical energy demands of those plants that were eliminated in the

Alternative Scenario (see Table 2.4-6).
- -       - --- -  - - -
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The 1Alternative-Scenario does consider the -possibility of retaining  all       J       i
the aluminum .plants, -in view of the-4000 MW surplus generating capacity that'
is available in 1995 in their scenario.  However, the allocation of thjs

surplus capacity to the aluminum subsector effectively removes the.margin            ;

of reserve that 'this capacity would have provided  in  case the tM.ternative-3 -

Scenario implementation levels of energy conservation measures were not

achieved.  The resolution of this problem has not really been addressed.

2.4.1  Summary of Manufacturing Sector Description

The analysis of the manufacturing sector has presented a very interesting

and important aspect of energy conservation studies in that it has shown the

need for very careful and consistent projections of future energy requirements

before judgments of conservation potential can be drawn.  In the dramatic

effect created by the "other industrial " category projections of BPA rarid
- --- -. I -2

1.the Alterinat-ive-Scenario, the differences in engEgy demadd-between the other   1/ -
.

1.   :* -< .subsectors seem small by compari son. However, these small differences  are ...

C313Hi¥ cant,_but -in-depth-analysisof  them is possible only withmuch-more ···2t't. ··;'

detailed data than has been provided by BPA.
. I ...e.

Figure 2.4-1 displays the projected electricity requirements for this

sector as specified in the two scenarios, and also shows the calculated

8]ternative Scendril-'s--projection with  no employment mix changes- a ftd-without

implementation of conservation.

In summary, the following points in the analysis need to be emphasized:

1.  The Alternative Scenario for 1985 was successfully reconstructed

following the assumptions given in their stOdy.

2.  The procedure followed in the Alternative Scenario for energy
.-    -  ----4demand projections is rather unorthodox.  Employment mix changes

were  postulated to achieve an overall leistandy, yb.intensive.:fES      '                  i
Z-  ---6 -·,i.Adtist'E.ialtbase,-:evidentlyhwittiaut verification of viability and           1
--

fr social-impact of these changes (these issues are addressed ln :&-*-4
<.= 2/
51'

1       Section 4.0 of this report).  Additionally, across-the-board

energy  effi ci ency improvements were assumed, for-ali- subsectors
without specific analysis.                                                    i

1
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125 POWER PLANT SCENARIO
2                                                                                                                         PROJECTION>

 

Kf
100

1 GWe PLANT AT 75% LOAD FACTOR ,
1

a                                                                 7

1 -  752                                                                       ALTERNATIVE SCENARIO IMPLICIT BASELINE2 ---- (BPA EMPLOYMENT PROJECTIONS,               t

Ki                        ...0 --I-
-----0-- NO EFFICIENCY IMPROVEMENTS)

                                                                   -*%--LU    ' ---
       50

-
- ... 4* ALTERNATIVE SCENARIO .1-'.

(NO EFFICIENCY IMPROVEMENTS)*,
1

i 4,-  ALTERNATIVE SCENARIO PROJECTION
INCLUDES EFFICIENCY INDUCED
REDUCTION IN DEMAND OF 4% IN

25                                    ,                                   4                         1985 AND 20% IN 1995)*
1975 1985 1995

YEAR
it

(        , *INCLUDES EMPLOYMENT MIX CHANGES; LABOR AND FOSSIL FUEL SUBSTITUTION WITH                                            '
41 ELECTRICITY.

,                        \ij

---
FIGURE 2.4-1 COMPARISON OF ELECTRICAL ENERGY CONSUMPTION FORECASTS l  '

FOR THE MANUFACTURING SECTOR OF THE PNW, 1975-1995    J
L---  -   - -                                 ------------ -------------------                                                                          ----     --

3.   The implicit before conservation' projections to 1985 and 1995
for the Alternative Scenario significantly differ from the

projections given by BPA.

4.  The conservation potential in this sector relative to BPA projections

 .as specified in the Alternative-S-c-en- rio is high,  This is -not by  '  
virtue of implementing conservation programs, but rather because

-  of a much lower rate of growth in energy demand even prior to

  -conservation-compared to BPA's growth rate,> --

.
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3.0  ECONOMIC ANALYSIS

3.1  INTRODUCTION

The'specific problem addressed in this portion of the study is               i

whether the total cost to the consumers in the PNW region for their end-          1

use energy services, e. g., residential space heating, will be less for

the Alternative Scenario than the Power Plant Scenario.  The contrast is

primarily between the two scenarios considered independently.  However, a

few comparisons will also be made between the before and after conservation

implementation within the Alternative Scenario.

The economic assessment is conducted entirely from the consumer's

point of view in both scenarios.  The cost of meeting electricity demand
in the Power Plant Scenario in terms of capital expenditures- for power plants,
fuel costs, and operation and maintenance c6sts as compared to that in

the Alternative Scenario is captured implicitly in the difference between

the (blended) prices of electricity as delivered to consumers in the two

scenarios. Costs for implementing conservation measures are incurred only
in the Alternative Scenario.  Since the period of interest is limited to

the 20 years between 1976 and 1995, the capital costs for new power

plants (which typically have a 30-35 year economic lifetime) and some of the

capital costs for conservation measures will not be fully amortized within

this time period.  The effect of this "overflow" of the cost stream beyond

the temporal boundaries of this study will be discussed in Section 3.2.4.

The economic trade-off between the two kcenarios for the PNW can

be stated simply as that between two options that consumers have for the

20-year period from 1976 to 1995:

a.  Invest in conservation measures that would reduce the
rate of growth in electricity demand, decrease the need for
additional power plant construction and consequently

result in lower utility bills, both by virtue of the
lowered demand and lower unit electricity prices.

b.  Not invest in conservation measures and allow utility
bills to rise with the unit price of electricity resultingfrom increasing additions of high-cost thermal power plants
to meet the higher rate of demand.
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The question addressed here is which of these two options is less expensive

for the consumers  over the nextt20-years.1  4.

It is assumed in this study that the costs of specific conservation

options (which are defined for the most part by the SOM Mandatory Strategy

#6, Reference .4 ) are fully borne by the consumer (homeowner, etc.) installing
the options.  It is assumed they are financed over a five-year period at a

7% real (i.e., excluding inflation) interest rate: The effect of incentives

(tax rebates) included in the President's National Energy Plan are considered

in Section55.0.

While this economic trade€dif is posed in a general fashion and
therefore could be applied to any region in the United States, there

are features specific to the PNW region.  In particular, the hydro-electric

capacity of the region, which presently accounts for approximately 80%

of the electrical generation, is approaching saturation and most future

baseload electrical capacity built there will be in the form of nuclear and

coal-fired thermal power plants.  Since the unit cost of new thermal capacity

is much greater than the present unit cost of hydroelectric capacity, the

region will experience a sharp and steady rise in the price of electricity

if the Power Plant Scenario is followed.  Conversely, by reducing thenneed

for new thermal generation in the Altennative Scenario, theitneneasei1n

electricity prices can be2substantially reduced.

The lower electricity bills in the Alternative Scenario, as men-

tioned previously, would be due to two causes:  1)  lower unit prices of

electricity in terms of cents per kilowatt-hour delivered througbout
-     -

the entire 20-year period; and 2)  lower actual consumption of electricity.    '

These two causes combine to produce a much lower cost for actual energy

consumed than is the case in the Power Plant Scenario.  However, this lower

i cost for energy is only obtained through a cost expenditure for conservation

equipment.  Whether the total cost to PNW consumers for their end-use

energy services (energy cost plus capital and operating costs) will be lower

or higher than the cost they would incur in the Power Plant Scenario is the        l

trade-off addressed in this analysis.

1 Lower than commercial rates may be available to some of the population

(e.g., through state subsidized low interest loans for solar technologies
and conservation measures).  A limited number of parametric excursions
were included in the study to consider lower interest rates and longer
financing periods.

-- -
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The economic comparison of thesettwo scenarios was conducted for

the residential and commercial sectors.  Specific efficiency improvements

in the manufacturing sector are not identified in the Alternative

Scenario and thus could not be individually costed.  The most significant
impact of the manufacturing sector employment mix changes assumed by the

Alternative Scenario fell under the category of institutional problems

and is considered in Section 4.0.  Similarly, since the difference between

the two scenarios in energy requirements for the agricultural sector was

relatively insignificant, the economic impact of these savings was not
considered.

The following discussion of the economic methodology employed to

evaluate the economic viability of the Alternative Scenario consists

of:  a discussion of the general formulation of the analytic approach;

a description of the computation of blended electricity prices for the

two scenarios (Section 3.3); a presentation of the costs of impd.ementation
of conservation initiatives employed in the economic analysis (Section 3.4);

a detailed description of the residential sector analysis (Section 3,5);

and a detailed description of the commercial sector analysis (Section 3.6).

3.2  GENERAL FORMULATION OF THE ANALYTIC APPROACH

The analytic approach_-4-gantifies.-file-a-ctu71-2-65-t- stredms-

incurred by end-use consumers for their energy services in each of the

two scenarios for the 20-year period.  The present values of the

cost streams are then computed and compared in order to determine which

cost stream is the most economical from the consumer's viewpoint.

The present value of the costs for energy services in the Alternative

Scenario is given by:

n          1995

P(t) ' Ej(t) + Kj. (t) + Mj(t) +'Rj(t)Present Value of Cost =E          E
J=1  t= 1976 (t.30-75)(1 + i)

.
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where j = 'End-use electricity consumer type j (e.g., single-

family house built prior to 1976).

P(t) = Price of electricity to the consumer at time t in
the Alternative Scenario.

Ei(t) = El  ut i   t:,cot sumiti:nt :ring.ot :e t for all

Kj(t)   =  The  sum  of
the amorti zed capital   cost·  for  all

conservation technology in time t for all consumers
of type j in the region.

Mj. (t) = Annual maintenance costs for conservation tachnologyin time t for all consumers of type j.

Rj(t) = The sum of the amortized capital costs for replacement
of any conservation technology in time t for consumer
j (if any occurs from t = 1976 through 1995).

t = Calendar year of scenario.

i = Real social discount rate, assumed to be 4.5%/year.

n = Number of types of electrical consumers j.

In a similar manner, the present value of the cost stream to consumers

in the Power Plant Scenario is represented as follows:

The  present  val Cle  of  the  coits for energy servicest in  the»Power  Pl.ante

Scenario is given by:

n      1995
Present Value of Cost =E      E        P (t) · Ej(t) + Kj:(t) + Mj(t) + Rj(t)

j=1  t=1976   ,
.(t-1975)

where j   End-use electricity consumer type j.

p.(t) Price of electricity to the consumer at time t in
the Poweri Plant1 Scenario.

E (t)   Electricity consumption during time t for allconsumers of type j in the region (i.e., consump-

tion without conservation).

Kj(t)
The sum of the amortized capital cost for the con-
ventional alternatives to a conservation technology
(which may be zero as in the case of the alternative
to insulation) in time t for all consumers of type
j in the region.

Mj(t) Annual maintenance cost for conventional technology
in time t for all consumers of type j' in the region,

R (t)   The sum of the amortized capital costs for replace-ment of any of the conventional technology in time
t for all consumers of type j in the region.

t,i,n As defined previously.

--
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While this is the general analytic approach followed, a time-saving

minor transformation is made which is mathematically equivalent.  Specifically,

wherever the capital costs Kj(t), Kj (t), maintenance costs Mj(t), Mj(t),
and replacement costs Rj(t), Rj(t) are identical in the two scenarios,
they are not included in either.  Furthermore, whenever there is a choice

to a consumer between purchasing a conservation technology Kjl(t) and

a conventional technology K 1(t) alternative to it, only the difference

(Kjl(t) - Kjl(t)) in capital costs will be included in the Alternative

]              Scenario side of the equation.  This is mathematically equivalent to the

original formulation since:

m     Kj(t)     m     5(t)
m

Kj(t) - Kj(t)E            - E            =E

At   =   1     (1+1   A t     A t   =
1 -A t  A t   =   1                  -            At

(1+1) (1+i)

This latter difference Kj(t) - Kj(t) will be called the incremental
capital cost for conservation technology (generally a positive number),

and is treated as if it were the total capital -dxpenditure for the
conservation technology.  For example, if the installed cost of an electric

1-
-         heat pump system is $2200 and the· installed cost of a conventional elec-

tric resistence heating plus air conditioning system is $2000, then

the capital cost increment of the heat pump system is counted ast.$200. s

However, in the case of a retrofit installation of a heat pump the full

$2200 mustsbe charged  to the Alternative Scenario. Simil ar procedures

apply to the case of maintenance and replacement costs.

3.2.1  Specific Analytic Methodology with Reference to the Conservation
Measures Proposed in the Alternative Scenario

The analytic methodology is reformulated in this. section in more detail

according to the specific conservation measures proposed in the Alterna-

tive Scenario taking into account the minor mathematical transformation

discussed above.

3.2.1.1  Present Value of the Costs of Implementing the Alternative
Scenario

Only the residential and commercial sectors are considered as

these are the only sectors for which cost data are available.  The organi-

zation of the computation follows the Alternative Scenario report and hence is
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divided into the following end.use categories:  Residential Space Heating-

Passive Measures; Residential Space Heating-Active Measures; Residential

Water Heating, Lighting, and Appliances; Commercial Sector-Passive Measures;

and Commercial Sector-Active Measures:  The results are then summed over the9.-- -1
categories.

-;.-r--   ...--   - - - i. -- 1-

a)  Residential Space Heating - Passive Measures (RSH-P)

20     4
..

PV(RSH-P) = E E   . 20( (t) + P(t) . Ej(t) + allj(t) + AR:j(t)
a t=l i j= 1                      at

(1+i)

where

j = Type of residential dwelling unit (j = 1 for
single-family existing; j=2 for single-family
new; j =3 for multifamily existing; and j=4
for multifamily new).

ACj(t) = Total amortized capital cost differential in year

t for all conservation measur s in dwelling. uniti         j throughout the PNW region.
-

-.

---1 -
,P(t)  = Price of electricity at time t in Alternative    --

Scenario.

Ej(t) = Electrical energy consumption by dwelling unit j
in year t according to Alternative Scenario.

4Mj(t) = Iot ldan.»'t gm:J !Ren.:nce cost differential in time     ,

AR (t) = Total amortized capital cost differential in year
t for:creblacingcdhyrco-nier.vationtmeasures in ..

dwelling unit j.

t = Calendar year of the scenario.                           1

A t=t- 1975 *

- -/--Ii
i = Real social discount rates,(4:, 5%/y6ak).4•1,1,6ra

.»

b)  Residential Space Heating - Active Measures (RSH-A)
2

20

PV (RSH-A) = E 3    ack(t) -P(t) · Ek(t) + Fk(t) +8Mk(t) + ARk(t)
at =1, k=1    ,                 .)At

+95                          (1   +   1
.-            -                        -              -

1

Henceforth, "dwelling unit j" or consumer j represents all consumers of
type j in the region.

2
These measures are additive to the passive measures.
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where

k = Type of space heating conservation measure (k = 1
for heat pumps; k=2 for solar; k=3 for total
energy system).j    9

ACk(t) = Total amortized capital cost differential in year
t for implementing conservation measure k in all

dwelling units j.
4

In general ACk(t) =   = AC (t), where j= type of dwelling

unit (j =1 single family. existing; j=2 single
family - new; j=3 multifamily-existing; and j=4
multifamily -new).

1 P(t) = Price of electricity at time t in  Alternative
Scenario.

Ek(t) = Electricity savings in time t associated with
each active conservation measure k.

Fk(t) = Product of natural gas consumption at time t

and gas price Pg(t) only for conservation
measure k = 3, i.e. Fl(t)= F2(t) = 0.

8Mk(t) = Total annual maintenance cost differential in
time t associated with measures k as opposed to
their conventional alternatives.

ARk(t) = Total amortized capital cost differential of re-
placing conservation measure k in time t during
the period t = 1976 through t = 1995 (if the

 

lifetime of the measure is exceeded during this

time period.)

At = t --1975. .
»

i = Real social discount rate.(4.4%/year).

c)  Residential - Water, Heating, Lighting, and Appliances (RWH,L&A):

20     13
ACk(t) + P(t) · Ek(t) + AMk(t) + ARk(t)

At=lk=l              At
PV(RWH,L&A) =I      E

(1 + i)
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A 1..)
15 where

k   Type of conservation measure (k = 1 for water
heating; k=2 for lighting; k=3 t o 1 2 for-'.

a   p . other appliances; and k= 13 for solar).

ACk(t)   Total amortized capital cost differential in
time t for conservation measure k in all dwelling

units j.

P(t) Electricity price at time t

E (t)   Electricity consumption in time t by appliance k,
except for k = 13. For k-·= 13 it is the electri-

city savings in time t, i.e. - E  (t).13

AMk(t)   Total annual maintenance cost differential in time
t associated with owning appliance k (Note there
is no supplementary fuel cost associated with k=13,
since the backup system is assumed to be a full-

sizedelectric water heater whose electricity
consumption has been taken into account in k=1).

ARk(t) = Total amortized capital cost differential of re=
placing conservation measure k in time t during

«      the period t = 1976 to 1985 and from 1986 to
<19957 as opposed to its conventional alternative.

t,At,1 = Samizaslifi Dart (a).

d)  Commercial Sector - Passive Measures (CS-PM)

20      5
ACj(t) + P(t) ' E (t) + AMj(t) + ARj(t)

PV(CS-PM) = E       E'
a t=i l   j=l                         at

(1+i)

where

j Building-type-related fonservation.package valid
for building types j=l t o 5.

,            Cj. (t)   Total amortized capital cost differential in year
t for implementing tonservation package,j.

P(t) Price of fuel in year t.

Ej(t)   Electrical energy consumed in year t in building
type j.

AM.(t) Total annual maintenance cost differential in time
J      t associated with EonseEvation package j.

ARj(t)   Total capital cost differential of replacing tonser-vation package j duri ngathe <beri Ok!3 t.)2»Ci t - =
1976-1995.

t,At,i'  6 -S*me 44-iolpart (,4),
rJ f *   \fi 3-8 ...\-//

Cd
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e)  Commercial Sector - Active Measures (CS-AM)

20      2        ACk(t) - P(t) · Ek(t) + Fk + AMk(t)
PV(CS-AM) =r       E

A t=1 k=1 (1 + i)
8t

where

k   Type of active measure implemented in an "average"
commercial building (not one of the five building
prototypes); k=1 for solar, k=2 for TES.

Ck(t)   Total amortized capital cost differential in year
t for implementing active measure k.

P(t) Price of electricity in year t.

Ek(t)   Electricity savings by active measure k in year t
by all "average" commercial buildings in which
measure k is implemented.

Fk(t)   Fuel cost for active measure k in year t; Fl(t) = 0
and F2{t) = product of gas consumption in year t and
gas price in year t by all average commercial buildings

in which the measure is implemented.

AMk(t) Total annual maintenance cost differential in time
t associated with measure k.

Note: No replacement costs were assumed for these active
measures  in the 20pyear -period·.of. interest..  t.

t,At,i Same as in part (a).

f)  Present Value of Cost of Implementing Conservation in the
Residential/Commercial Sectors

PV      = PV(RSH-P) + PV(RSH-A) + PV(RWH, L&A) + PV(CS-PM) + PV(CS.AM)Total

g)  Present Value of Cost of Implementing the Power Plant Scenario

20    n   P=(t) · Et(t)
PV      = E    L-E 3
Total                      At

At=l .j=l (1+i)
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j

where

P*(t)  =  Price of electricity  in  the  Power. Plant Scenario
in year t.

E3(t) = Electrical energy consumption in year t in dwelling  1
type or building type j.

t,At,i = Same as in part (a).
- -   -9-  ---  --    -

, \:
3.2.1.2  Summary Economic Measures Based on Analytic Methodology

Based on the analytic methodology presented above, several summary

economic measures may be developed which make it possible to compare the

cost-effectiveness of the two scenarios for the combined residential and

commercial sectors for the PNW region as a whole, or individually by sector

(i.e., residential and commercial), or to compare the cost-effectiveness

of various conservation measures within the context of the Alternative

Scenario itself.  Four measures are discussed:  a)  the: 20-year cost

streams incurred in each scenario; b)  the present value of the benefit

of implementing one scenario over the other (but excluding the Manufacturing

Sectort; c) the average unit cost of conservation t/kW'2  (in .the two t i
sectors in the Alternative Scenario versus the average unit cost of elec-

tricity supplied in the Power Plant Scenario over the 20*iyear period :oc
(or by individual year and sector); and d)  benefit-cost measure of various

conservation technologies within the Alternative Scenario.

a)  Comparison of Twenty-Year Cost Streams Incurred in the
Two Scenarios

This initial comparison of the two scenarios is presented

,..-'graphically-zin  ,the  fdrm: ofccurves. ofrinturred.costst:versus=time.T<>These
Tresults.,incorpotatecthe-effeets .of:amor.tization jofsnewi Oelie .atirigA:

-

9   .capadity. thFous]hth.igher  bldnded- electri'cityppricespan,d: where  appitoprriate,
costs of conservation implementation or conventional alternatives to

conservation.

b)  Present Value of the Benefit of One Scenario Over the Other
(Manufacturing Sector Excluded)

Benefit = PVCost (P-owen.Pilant.Scenario)_-1 PV:-Costz(Alternative .Scenario)
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This is the final comparison of the cost-effectiveness of

following one scenario versus the other (of course, an analogous

comparison could be made between the individual sectors of the two

scenarios).

c)· Unit Costs of Conservation Versus Unit Costs of Electricity
'Supply in the Residential and Commercial Suctors        1

The unit costs of conservation are determined by summing the

incremental capital cost, maintenance cost, and replacement cost

expenditures specifically associated with conservation technology

in all of the years of the Alternative Scenario and then dividing

by the total electrical energy saved in all of the years.  This is

represented in general as follows:

1995

Conservation Unit Cost (t/kWhesaved)
=E (AC(t) + AR(t) +AM(t))

t = 1976
1995
E       AkWh-(t)
t== 1976

The average unit cost of electricity supplied in the Power Plant Scenario is:

1995
Supply Unit Cost (tkWheproduced) =E (P*(t) 0 E*(t))

t = 1976
1995

E      E=(t)
t = 1976

where P (t) and E=(t) are as previously defined.

Theabove formulations are applicable to individual sector comparisons

as well.

This is another way of measuring the cost-effectiveness to the

consumer in these sectors of the Alternative Scenario relative to

the Power Plant Scenario.
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2)  Benefit-Cost Measure of Conservation Technology Within the             .,
Alternative Scenario 'in the Residential an diC(.0*Mel;eiiall :Sectors

This is a measure of the benefit to the consumer of implementing

various conservation technologies within the context of the Alternative
Scenario.  If the benefit is greater than the cost, it is usually

expressed as a benefit-cost ratio.  If not, it is expressed as a net

cost (cost minus benefit) to the consumer.  The benefit-cost ratio of

a measure k in air.esidefltial·Edwel,1.ing',. tor example,. is represented as:-;
1995

k E
AkWh-(t)k.' P(t)(B/C): =t= ,1976 C

J   1995

E     ACk(t) + ARk(t) + AMk (t)
t = d:976

where

j = Dwelling type

AkWhe(t) = Electrical energy saved by conservation technology
k in year t.

P(t) = Price of electricity in year t in Alternative
Scenario.                                          ..

ack(t),ARkilt),81. i€lfAs defined previously for Alternative Scenario.
...         -      .        I.

The net cost measure is the denominator minus-the numeratof in the .*.0. :'

above expression.

<I_>3.2.2  Scope and Limitations of Analytic Methodology

There are several observations to be made regarding the above methodology

in order to place it in perspective.  These observations affect particularly

the interpretation of the summary economic measures developed in Subsection

3.2.1.2.  The first observation regards the effect of the cost stream overflow

beyond the 1995 time ,boundary on summary measures 91,6,2'aiRIi;'bl'Fo-fuS ub*ction                                                                                                                  '»:...--1    -  - --  '.------  -,      -    ........
-ill- .-lilI-.--*----.k3.2.1.2. The second observation regards a caveat concerning summary gmeasure:Mci'.)

First the effect of the cost stream overflow derives from two different

[   sources, a power. plant capital cost stream and a conservation technology cost--}
stream.  Since the amortization period (typically 35 years in the PNW) for
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central station electric power plants is normally longer than the amortization   '

period for capital investments in conservation technology, there will be a

longer and probably larger cost overfl ow resulting  from the Ip-06ier  Planti
--

committed in this time period than from the conservation technology installed

in this period.  The effect of the former overflow in particular is a

"built-in" cost to future electricity prices in the region that will not
be accounted for within the scope of this methodology.

, Tll@.7 wife-nig#pafing__1
- -        -  -- . -Ithe present value  of  the cost streams   in the two  en-api-os.,_it_3hould_be--7

remembered that more of the total costs associated with conservation tech-
nology are accounted    for in that,120zy-ed-FperriGd    fhan-a-rp- thetotal-co» L_]·r

.-Iassociated with thecpowe!-plTnts-cZ truc€68--*i€jig--fhat per"iod' 3

Secondly, the effect of the overflow of the conservation technology
---

             in r&lationtto'-thesconservation technology benefit stream. In particular,

cost   stream   is   best   seen   not in relation to thef-p-q-wer--plafit- 665-t-streaf  but    I

-                                                                                                 --

the conservation technology cost stream overflow for measures implemented up
.. to 1995 is for a much shorter period of time, in the longest caset.n-ine--ye-aTsj

beyond 1995, than is the benefit stream overflow. For instance, a homeownerp

.
putting in insulation will pay the costs associated with that investment

,„'                     only  for the duration  of his loan, Lg.,live- yeal. However, the_benefits 73
from that investment will last practically the lifetime of the dwelling,
perhaps 50 or 60 years.  So, for example, a homeowner who installs insulation
in 1990 will have paid the total costs for the investment by 1995 according
to our methodology, but will have had less than a tenth of the total lifetime
benefits associated with that measure accounted for in the same period of
time. The result of this is that the unit cost measure for conservation
expressed in cents per kWhe saved is not a life-cycle unit cost in most instancesk

-..i.e., for those with lifetimes extending beyond 11995, rather it is a measure  I
of the actual uniticost incurred in the 1976-1995 time period.  Since this
unit cost measure does not take into account the total benefits accruing
from most conservation measures implemented in the Alternative Scenario,
it is a very conservative measure of the unit costs of conservation.  This fact
should be noted when interpreting summary measureoi-671 par-ticula-rly--when-1
comparing it with the price of electricity expressed in the same units.

9.
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An observation should also be made regarding the interpretation of the

benefit-cost measure for conservation technology within the Alternative

Scenario.  The benefit for an individual conservation technology is the product

of the annual energy savings and the price of electricity in each year.   The

price of electricity in each year is that determined for the Alternative

Scenario as a whole based upon the assumption that all conservation measures

recommended in the scenario are being implemented.  Therefore, the benefits

calculated for any individual conservation technology are calculated at the

low price of electricity resulting from the totality of all conservation

technologies being implemented.  Consequently, the resulting benefits

may not be as great as they would be if each measure were implemented

sequentially and the benefits calculated at the price of electricity obtained

to that stage of implementation of the full conservation program.  Thus,

the benefits are not the marginal values obtained with the implementation

pf a.specific technology but rather the actual values for. that scenario.
»-*AW*h              ' i    ·   .    --61 -           '                .  'Ill&_--6---4'Nr'-•r::-f1·4      -•

As a consequence, certain measures might have a lower benefit,

         cost ratio,.or may even result in a net cost, in the context
.1.

.i-

of this scenario. ' A bonc-lusion that may be drawn is that incentives may

be required not merely to stimulate the initial implementation of a conser-

vation program but also to sustain it throughout the entire duration of

the implementation period.

3.3  BLENDED ELECTRICITY PRICES IN THE TWO SCENARIOS

As mentioned in the previous section, one of the principal differences

between the Power Plant and the Alternative Scenarios arises due to_the prices  . 1

of electricity the PNW region would experience during the 20-year period I

1976-1995 (and beyond).  This difference in price occurs because the present

mix of generating sources (20% thermal, 80% hydro) is only slightly changed

through 1995 in the Alternative Scenario, whereas it changes to approximately

65% thermal    by   1995   i n the Power   Pl ant Scenario.,      The large therma 1

component in the power plant mix gives rise to the higher electricity                  
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prices in that scenario since the marginal cost of adding new thermal

capacity is much higher than the actual cost of present baseload hydroelectric

capacity (which remains practically unchanged in the next 20 years).

Thus, it is important to be able to forecast how electricity prices

will change based on the different blend of costs from the thermal and

hydroelectric generating plants that occurs in the two scenarios.  It is

the purpose of this section to present the methodology and data for pro-

ducing these forecasts of blended electricity prices, and then to compare

the results for the two scenarios.

3.3.1  Economic Methodology for Computing Busbar Power Cost On A Single
Plant Basis

The busbar power cost (cost at the plant busbar, i.e., prior to trans-

mission and distribution) consists of capital cost, fuel cost, and annual

operation and maintenance cost.  Each component can be expressed as a unit

cost in mills per kilowatt-hour which, when added together, result in a total

unit cost at the busbar.  The transmission, distribution, and any further

general and administrative costs incurred in order to deliver the electric

power to the final consumer must be added to that busbar cost in order to

obtain the delivered price of electricity which the consumer actually pays.1

As the busbar cost component of the electricity price is the component of the

electricity price which will vary with a change in generation mix, it will

be discussed in detail in this section according to its three components.

3.3.1.1  Annualized Capital Cost Component

All annual charges associated with a utility's construction and ownership
of  an electric power plant are known as "capital carryi ng charges. "    When
divided by the number of kilowatt-hours of electricjty (kWhe) generated

annually by the plant, the result i,s what is here called the capital cost

All rate structure effects, whether seasonally differential, class dism
criminatory, block structured, will be ignored here, and only average prices
-considered.  The principal users of lower cost, direct service, electricityare in the manufacturing sector which, as previously stated, could not be
consi dered in this analysis.
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component of the busbar cost.  To this stage the calculation of this

component may be represented as:

(1)  Capital Cost Component (Mills  = Capital Carrying Charge
kWhe Annual kWhe Generated

Each of the terms in this quotient may be disaggregated as follows.

The capital carrying charge is the product of the plant capital and a fixed
charge  rate (FCR) representing a fixed' fraction. of. the total   capi tal  cost

paid annually. Total capital cost of the plant, including interest and

escalation during construction as well as principal, is expressed in

constant 1976 dollars.

The number of kilowatt-hours generated annually is simply the number

of hours per year the plant is operating and multiplied by the installed

capacity (kWe) of the plant.  Expression (1) may therefore be rewritten

as follows:

(2)  Capital Cost Component =

8760 x C.F. x kWe

Total Capital Cost x FCR

where C.F., the capacity factor is the fractionl of the total number of

hours in a year (8760) that the plant is operating.  Alternatively,

expressing the quotient of the total capital cost and the installed

capacity as a unit capital cost ($/kW8), expression (2) may be rewritten as:

Unit Capital Cost ($/kWp) x FCR
(3) Capi tal Cost Component = 8760 x C.F.

At this point only the FCR requires further detailed explanation,

Referring back to expressioni (1) and.(2), it can be seen that the fixed

charge rate represents a simplified method of calculating the annual

capital carrying charges.  It includes the following factors:

1This fraction also has built into it any fractional reductions from installed
capacity at which the plant operates.
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e  Cost of capital.

e  Depreciation (retirement of principal).

•  Income taxes (includes tax depreciation and investment tax credit).

e Property taxes.

The first two factors combine to produce the capital recovery

factor. This factor represents the fraction of the total capital investment

which must be paid annually in order to fully amortize the investment

over the specified time period, i.e., the depreciation period.  For publicly-

owned plants, the capital recovery factor is the only factor on which the

fixed charge rate is based since these plants are generally exempt from

property and income taxes.  A further difference between public<ly-owned

and privately-owned plants occurs within the capital recovery factor itself

since the cost of capital in the two cases is different. In particular,

for a completely publicly-owned plant there is no equity involved, and

hence, no return on equity is built into the cost of capital.  Furthermore,

the debt is usually financed with low interest, tax exempt bonds.  The net

result is a much lower cost of capital, and hence capital recovery factor,

in the case of a publicly-owned plant.

Given this significant difference between the fixed charge rates for

publicly and privately-owned plants --and in some cases joint owners hips  -

it was important to know both what the different rates were and what rates

applied to which plants.  Rather than attempting to calculate these rates

based on average assumptions about all of these factors, and since detailed

data concerning these factors were not available on a plant-by-plant basis,
average rates were obtained directly from the PNW area utilities.  Specifically,

BPA and the Washington Public Power System were contacted, and based
on the information provided by them, fixed charge rates of 1 3.5% and 8%

were obtained as the appropriate rates for private and public utilities,

respectively.  Based on the split between private and public ownership             ;

of the plants, fixed charge rates were assigned or computed for each of

the plants operated or planned by the PNUCC.  These data are presented in

Table 3.3-1.
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TABLE 3.3-1            5

< FIXED CHARGE RATES  FOR PNW
PLANTS    

Average

p lant Name»
public %- prjyate

%33
_EcR -

Nuclear

Hanford 100% - 0.08

Trojan 30% 70% 0.119

WNP 2 100% 0.08

WNP 4 100% 0.08

WNP 1 100% 0.08

WNR 3 70% 30% 0.097

Skagit 1

- 100% 0.135

Skagit 2 100% 0.135

Pebble Springs 1 15% 85% 0.127

Pebble Springs 2 15% 85% 0.127

WNP 5 90% 10% 0.086

Coal

Centralia 1&2 28% 72% 0.120

Jim Bridger 2&3 100% 0.135

Colstrip 1&2 100% 0.135

Boardman 10% 90% 0.130

Jim Bridger 4 100% 0.135

Colstrip 3&4 100% 0.135

Note:  The table shows only plants for which names and locations have been

specified.  Estimates were also made for the future plants designated
by PNUCC by letter designations A through L.

With these rates and the unit capital costs and capacity factors for

each plant (to be discussed in subsection 3.3.2), the capital cost

component of the busbar cost could be calculated according tdz.e*pression  (3),
and the results expressed in mills (thousandth's of 1976 dollars) per

kilowatt hour.

»
< I ' '...

.C-,3P   ..9
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z            3.3.1.2  Fuel Cost and 0&M Cost Component of Busbar Cost

The unit fuel cost component of the busbar cost is obtained by

dividing the cost of the fuel to the utility expressed in the appropriate

units  by the conversion effi ciency  of the plant (or, alternatively,  by
multiplying the cost by the heat rate of the plant).  This is represented

as the fuel- cost component of busbar:

Fuel cost '(mills/kWhe) =
F.0. B. Fuel Cost ($/MMBtu)

nx293
x 1000

where

F.O.B.  Fuel  Cost = Del.ivered: cost to the utility in $ per MMBtu.      9
n                    = Electric conversion efficiency...  .  c-  r,
293 = Number 6f kilowatt-hours per MMBtu.

The operating and maintenance (0&M) cost component of the busbar cost

:           is simply the annual 0&M cost divided by the number of kilowatt-hours gene-

rated, and is usually supplied as an attribute of the plant in question

expressed in mills per kilowatt-hour.    2

3.3.1.3  Total Busbar Power Cost

The total busbar power cost for a given power plant in a given year is

simply the sum of the three components given above.  It can be represented

as:

Total Busbar  Cost   (mills  per  kWhe)  =

Capital Cost Component (mills per kWhe) +
. .1

Fuel Cost Component (mills per kWhe) +

0&M Cost Component (mills per kWh ).

When the transmission and distribution costs to deliver this busbar

power to a particular consumer are added to this cost, a reasonable proxy

to the delivered price of elactricity may be obtained.

3.3.2  Economic Input Data by Power Plant Type

Four basic power plant types were considered for purposes of computing

busbar power costs:  nuclear, coal-fired, hydroelectric, and miscellaneous

3-1.9



thermal (e.g., small thermal plants, combustion turbines, etc.).  For each

of these plant types except hydroelectric, all the economic input data

described in the previous subsection must be available to compute busbar

Costs.

Unit capital costs for nuclear plants were based on costs projected for

the WPPSS #l-#3 ·plants„and an assumed 1% real annual escalation rate from 1976.

Unit capital costs for coal plants in 1976 were taken from the Northwest

Energy Policy  Proj ect and escalated  at  a  real   rate  of  1%  per  year for plants
coming on line thereafter.  Capacity factors for both types of plants were

based on projected operating data published by the PNUCC (Reference 11) and

shown in Table 3.3-2.  Unit 1976 delivered costs of coal ($1.10/MMBtu) were

based on data in the 1977 ERDA "Market-Oriented Program Planning Study" for
coal del ivered  to  the west north central region.    The unit cost..for.-nuclear

fuel was assumed to be $0.549/MMBtu.  For both fuels a 1% per year real

escalation in costs was assumed. The unit fuel cost for miscellaneous thermal

in 1976 was $2.38/MMBtu (assuming an initial 50-50 split between natural

gas and distillate fuel in combustion turbines at prices of $1.75 and $3,00

per MMBtu respectively; the mix was changed to 100% distillate by 1995),

Conversion efficiencies were 0.32 for nuclear, 0.36 increasing to 0,38 in

1995 for coal and 0.31 for miscellaneous thermal (Reference 102).  0&M unit
costs (mills/kWhe) were 1.2 for nuclear plants, 2.6 for coal plants, and

3.0 for miscellaneous thermal, with no cost escalations (Reference 102).

.3.3.3  Methodology for Computing Blended Costs and Electricity Prices

The methodology for computing blended prices of electricity in a given

year consists of four steps:  1)  average capital cost components of busbar cost

- 'by£,plant type; 2) average busbar costs by plant type; 3) blended busbar

.costs across plant types; and 4) blended electricity prices.  Each of these

steps is discussed in order.
t

..

3.3.3.1  Average Capital Cost Components of Busbar Cost by Plant Type

The first step of the procedure which eventually results in the

blended price of electricity for the PNW region in a given year, is to
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compute the average capital cost component of the busbar for each plant

type:  Auclear, coal, and miscellaneous thermal.  The miscellaneous thermal

plant type has a constant capital cost component throughout the entire

period since no new plants of this type are scheduled beyond«1978.».The-09eraging

process consists of weighting the capital cost component of the busbar cost

by the actual power output of the plant in that year as a percent of the out-

put for all plants of that type, that is, it is a.megawattpoutput weighted-

average capital cost component.

Thus, the effect of a new plant of the same type that comes on-line in

a given year is accounted for through the effect of its unit capital cost

and capacity factor on the weighted average capital cost component of the

busbar cost for that year.  Having reached that point in the procedure it

is only necessary to add the fuel and 0&M costs--assumed to be the same for

all plants of the same type in a given year--to the waighted average capi=.

tal cost component in order to obtain the average busbar costs for those  

plants.  This averaging process may be represented mathematically as       
follows:                        ---

The total average megawatt capacity for plants of type j is:
n

'Aj(t) =
E 4 (t)i=1

where

Aj(t) = Total average megawatt capacity for all plants of type j in
a given year t.

a  (t) = Average megawatt capacity for plant i of type j (i.
e., coal

i
or nuclear) in year t.

n = Total number of plants of«type j.

and, the capital cost component of the busbar cost for plant i is:

j      U (t) 0 K
X     =              x 1000 in mills per kWhe
i      C (t) . 8760
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A where -       4  8

-:      3 ,-
.

U (t)    =  Unit 8Apithl  -66st. for plant  i  of  type  j  in $/kWe lintatled in-- 2.
year t.

4,K = Efxf-d*Eharge,Fat »4-tp.r J                                          ··

C (t)  = Capacity factor for plant i of type j in year t.

The  aVer.age capital cost component for all:rplant>tof.etypdsj tis,nthen
obtained from:

n
RJ(t) = E

1 1(t) .    4 (t)i=1
Aj(t)

where j=l for nuclear., j= 2 for coal,.(and j=3 for miscellaneous thermal).

3.3.3.2  ApttdqdiBusbar Costs by Plant Type

To obtain the.averdgu busbar costs by plant type, the fuel and 0&M

components .of the busbar cost must be added to the weighted average capital
cost. component. This operation is performed as follows:' The fuel cost is

expressed  as:            i

y]it)  =  yll»(,}Fift-19751'.b-
where

-                      jl     -:--
YO T Price of fuel for plants of type j i n 1975; j=1 for nuclear

fuel and j=2 for coal (the price of oil and natural gas formiscellaneous thermal plants were forecasted independently).

t = Calendar year of generation.·

1.01 = Base of exponent, representing a 1% per year- escalation in
the price of nuclear andj coal fuels.

The operation and maintenance component is assumed to remain constant

in constant dollars and is therefore

Z](t)  = Z  in mills per kWhe. p

Thus the total avera-gepbusbar cost for any plant of type j in year t

is (in mills per kWhe):
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B (t)  =  P(t)  +  Y (t)  +  F (t)

3.3.3.3  Blended Busbar Costs Across Plant Types

Ha9ing obtained theaverage busbar costs for plants of each type j

in the form of Bj(t)·, these costs must be averaged to obtain

the overall blend for all plant types in the region in a given year.  This

is represented as:

8(t) - jwjfj(t)

where

Bj (t)  = Weighted-averaged busbar costs for plants  of  type  j.

Wj(t) = Megawatt-output weight for plant types j expressed as a
decimal fraction of the regional megawatt-output in year t.

Using the notation defined in the previous subsection, W.(t) can be I
./ 3    - -

represented explicitly as:

Aj(t)
Wj. (t)   EA.(t)

J
3

where

Aj(t) = Total average megawatt-output from all plants of type j inthe region in year t.  Here j=1 for nuclear, j=2 for coal,
j=3 for miscellaneous thermal, and j=4 for hydroelectric.

The difference between the two scenarios is then manifest in terms of

both the number of plants of type j, in a given year, and (not independently)
the weighted-average busbar cost B (t) in a given year, giving rise to a
different Bit) for the two scenarios. Since the power plants accepted by the
Alternative Scenario are a subset of those planned in the Power Plant
Scenario, these scheduled capacity additions can be represented on one chart.

Such a chart is shown in Table  3.3-2.i..Th'e  1:arger,rjumbeRS iin tthek'-4Qdy'of '
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ATAStE130]  .-                                                                  
PROJECTED'PNVII POWER RESOURCES MEGAWATTS   

DATA FROM REFERENCE 11

 EEr-----------_21ML 76-77 77-78 78-79 79-80 · 80-81 81-82 82-83 83-84 84-85 85-86 86-87 87-88 88-89 89-90 90-91 91-92 92-93 93-94 94-95 95-96

Hydroelectric 11.986 12,056 12,094 12,139 12,119 12,157 12,156 12,173 12.153 12,112 12.126 12.123 12,123 12.123 12.124 12,122 12.122 12,121 12,122 12,123

Potential Hydroelectric
456 516

Reserve Requirements
Hydroelectric Maintenance (:N  (8:1 (:Mi (i:  (::i  <i:11 Ci:il < ::1 < 81 (t::1 (t:il (t:il (i ] (ilil (ii  (:E t:E (:E (,18)(53)    <Mi-50 -50 -50 -125
Puped Storage

5061 167

   Hanford-NPR              506  167I. 1130 1130 1130 "30 1130 MO 1130 1130 1130 1130 „. 1130 „„ 1130 ." .10 ]130 11301130

-3    Trojan                                    529      764      847     847     847     847     847     847     841     847      847     847     847     847     847     847      847     847     847     847
1100 1100 1100 1100  100 1100 1100 1. .. .00 , 00 1100 ..0 1100 .09 .00 ..

2   2  IN':                                                                               550 198 825     825 825 825     825 825 .825 825 825 825 825     825 825 825     825

1 NE; 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 1250 ..

WNP 4 562 891 938 938 938 938 938 938 938 938 938 938 938

-4*NP 1

1250 1250 .. 1250 1250 1250 1250 .. 1250 ..1250 1250 1250 1250

562 891 938 938 938 938 938 938 938 938 938 938 938 938

1636 1297 1130 2230 2230 2230 3480 4730 4730 4730 4730 4730 4730 4730 4730 4730 4730 4730 4730 4730

Total Alt. Scenario·Nuclear 1035 931 847 1397 1645 1672 2234 3125 3501 3548 3548 3548 3548 3548 3548 3548 3548 3548 3548 3548

8 4 I-1.,2.3 Average Capacity Factor           ·632      ·718       ·75      .626      .738      .750      .642      .661      .740 .750 .750 ·750 .750 .750 .750 .750 .750     .750 .750 .750

a        W IP 3

1240 1240 .. 1240 1240  240 1240 1240 1240 121*0 1240 1240 1240

2 620 899 930 930 930 930 930 930 930 930 930 930 930

3
'.S 1288 1288 2576 2576 2576 2576 2576 2576 2576 2576 2576 2576

          Skaglt 1 and 2 708 950     966     1674     1916 1932 1932 1932 1932 1932 1932 1932 1932

]260 1260 1260 2520 2520 2520 2520 2520 2520 2520 2520

1701 1890 1890 1890  890
Pebble Springs 1 and 2 756 945 945 1890 1890 1890

. 1240 1240 1240 1240 .. 1240 12. 1240 1240 1240 3240

3          IN, 5
806 930      930     930     930     930 930 930 930 930     930

1250 ]250 1250 1250 1250 1250 .. 1250 1250

 

Plant 82                                                                                                                                  375     844     938      938     938     938     938     938     938
1250 1250 1250 1250  250 1250

' Plant D
750 938 938 938 938 938

1250 1250 1250 1250 1250

375 844 938 938 938
Plant F

1250 t 250 .SO

750 938 938
Plant H

12 SO 1250

750 938
Plant J

12 SO

.I____.  Plant l 750

1636 .. .. 2230 2230 2230 3480 7258 7258 9758 11046 12296 13556 ..6 14806 16056 16056 17306 i8556 19806

Total PNUCC Nuclear Resource 1035 931 847 1397 1645 1672 2234 4453 5350 7006 8027 8644 9885 10.168 10,918 11.481 11,950 12.794 13,732 14,670

Average Capacity Factor .632 .718 .15 .626 .738 .750 .642 .614 .771 .718 .121 .703 .729 .750 .137 .715 .744 .739 .740 .741

1300 1300 1300 1300 1300 1300 1300 1300 1300 1300 1300 1300 1300 1300 1300 .. 3300 1300 1300 ..

a  l  Centralia 1 and 2                     910    910    910    910    910    910    910    910    910    910    910            910    910    910    910    910    910            910
910 910

1000 1000 1000 1000 1000 .. .. 1000 1000 1000 1000 1000  000 1000 1000 1000 1000 1000 1000  000
• 7,9 719 719 719 719 719 719 719 719.:2 Jim Bridger 2 and 3 488 631 664 664 677 724 698 724 698 724 719

                                              "'      "0      "'      "0      3"      3"      80      "'      3"      "0      "0      "'      "'      8,      3"      "'      3"      "'      "0      3"
256 256 256 256 256 256 256 256 256ux S Colstrip l'and 2 267 274 280 255 256 256 256 256 256 256 256

460 460 460 .0 460 .0 460 460 460 460 .0 .0 460 .0 460 460

"   ' 1. S  ardin Coal                                                          230     333     345     345     345     345     345     345     345     345     345     345     345     345     345     345
2630 2630 2630 2630 3090 3090 3090 3090 3090 3090 3090 3090 3090 3090 3090 3090 j 3090 3090 3090 3090

U
2230 2230 2230 2230

            Total Alt. Scenario Coal-Fired 1665 181S 1854 1829 2073 2223 2209 2235 2209 2235 2230 2230 2230 2230 2230 2230

tivi Average Capacity Factor              .633        .690        . 705        .695        .671         .719        .715 .723 .715 .723 .722     ·722     .722     .722     .722 .722 .722     .722     .722     .722

334 334 3,4 3,4 334 334 334 334 .4 .. .4 334 334 ,» 334 .4 334

          Jim Bridger 4 157 239 239 239 239 239 239 239 239 239 239 239 239 239 239 239 239

980 980 980 980 980 980 980 980 980 980 980 980 980 980 980 980

          Colstrip 3 and 4                                                             307      668     747     759      759     759     759      759     759     759      759     159     759      759     759     759„„ .. 1250 1250 .. 1250 1250 1250 1250

;         Plant A 750 938 938 938 938 938 938 938 938

A
1250 1250 1250 1250 1250 1250 ..

Plant C 750 938 938 938 938 938 938

.SO .. 1250 1250 ]250 1250

Plant E 375 844 938 938 938 938

1250 1250 1250 ..

Plant G 750 938 938 938

1250 1250 1250

375 844 938
Plant 1

 250 1250

-I_  Plant K 375     844

2630 2630 2630 2964 4404 4404 4404 4404 4404 .404 4404 5654 5654 6904 8154 .. 9404 10654 ..4 11904

Total PNUCC Coal-Fired Resource 1665 1815 1854 1986 2619 3130 3195 3233 3207 3233 3228 3978 4166 4916 5479. 5948 6792 7355 8199 8762

Average Capacity Factor .633 .690 .705 .670 .595 .111 .725 .734 .728 .734 .733 .704 .737 .712 .672 .729 .722 .690 .689 .736

"4
Small Thermal and Miscellaneous,
Co ibustion Turblnes (inclliding
adjustments) 262 284 284 284 283 283 283 283 283 283 283 138 138 138 138 138 138 138 138 138

Total Alt. Scenario Resources 3 14,948 15,086 15,079 15,649 16.120 16.335 16,882 17,816 18,146 18.178 18,187 18.039 18.039 18,039 18,040 18,038 18.038 18.037 18.038 18.039

Total PNUCC Reource,3,4 14,948 15,086 15.079 15,806 16.666 17,242 17,868 20.142 20.993 22,634 23,664 24,940 26,426 27,516 28,887 29.974 31.294 32,757 34.597 36,084

1
             .      1.    ve.,te,  peak  „'pa"t':   -   S'./. 1

2.  Division of unspecified thermal power plants (Plants A-L) between nuclear and coal-fired genera.tion assund by TRW.
3. Includes hydro reserve and maintenance requirements.
4.  Includes potential hydro. plped storage charge to base load subtracted. 1I --  --   ----.. 9
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the table represent the average megawatts of output while the smaller

numbers above them indicate installed capacity (or peak output) for each

individual power plant from 1976-1995, and are grouped according to

resource:  hydro, nuclear, coal, and miscellaneous thermal.  Note that

the plants scheduled in the Alternative Scenario are indicated within the

bracket of the Power Plant Scenario.

3.3.3.4  Comparison of Blended Electricity Prices in the Power Plant and

Alternative Scenarios

To obtain the blended electricity price in any year for either of the

two scenarios, a constant was added to the blended busbar costs for that

year. This constant is the transmission and distribution cost that

must be added to the busbar cost in order to obtain delivered electricity

prices.  Transmission and distribution costs are assumed to remain constant

over time because, while the unit costs of transmission may decrease

slightly due to more efficient transmission lines being built in the future,

the unit costs of distribution are expected to increase. The tpredominant
offsetting effect is difficult to predict; consequently, it was assumed

the net result is no change in the combined unit transmission and distri-

bution costs.

While these transmission and distribution (T&D) costs are assumed

to remain constant, and indeed the same constant for both scenarios, there
is  nevertheless a large capital expendi ture associated  with  the  new  T&D
capacity (as is also the case with the power plants) that is required in

the Power Plant Scenario but not in the Alternative Scenario. If the differ 

ence is taken between the net firm resources in the Power Plant Scenario

and the Alternative Scenario in 1995 of 24,872 peak megawatts, and assuming

roughly the national average of $250/kWe for T&D capacity, approximately

6.2 billion dollars of additional expenditure associated with the Power Plant

Scenario (not including the capital expenditure for power plants p a much
greater amount) results.  Thus while the unit T&D costs are the same for

both scenarios, this should not be interpreted to mean that the actual

(total) costs for T&D are the same.
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This constant was obtained by subtracting the average busbar cost of
1....
6.09 mills per kWhe from the average delivered electricity price of the major

lutilities in
the region of'16.2 mills per-·kWhe for 1976 which yields a delta

T&D cost of 10.11 mills.per kWhe' which was held.constant in constant dollars

I -

for the entire 20-year period.  This also has the effect of calibrating the

1976 computed price to the actual price.
------r--

The final delivered blended electricity prices which resulted from

the complete procedure described in Subsection 3.3.3.1 are presented in

Figure ).3,1,

\

30
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"
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203- ALTERNATIVE SCENARId    i
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FIGURE 3.3-1.  COMPARISON OF BLENDED ELECTRICITY PRICES IN THE POWER
PLANT AND ALTERNATIVE SCENARIOS ·
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3.4  CONSERVATION TECHNOLOGY COST DATA DOCUMENTATION

3.4.1  Introduction

The capital costs of individual passive energy conservation meisures

considered in the Alternative Scenario for the residential and commercial

sectors were principally obtained from the SOM Study (Reference  4).

Wherever possible, these capital costs were compared t6 costs for similar

measures given in a Department of Commerce Study (Reference  5).  This

comparison showed significant variations in the costs for identical

measures - Inot an unexpected result in view of the regional nature of               T

the SOM analysis versus the national average scope of the Department of

Commerce analysis.  Due to the heavy reliance of the Alternative Scenario
on the SOM conservation recommendations, which in turn were specific to            L

the PNW region, and since each of the passive measures were costed by SOM in
-

both sectors, the SOM costs for those measures-were adopted for use in this
study.  Individual passive conservation measures by building type adopted

i n  the Al ternative Scenario  for the residential and Gmmercial sector  are

shown in Appendix A along with their capital costs as given in the SOM

re po rt (R e f e r e nce     4   ).

In the case of active conservation measures, i.e., heat pumps, solar

water heating and total energy systems which to a large extent were not

considered in the SOM Study, costs were obtained from other sources in

the open literature.  This was true in the case of appliances as well,

where, based on data obtained from several sources, estimates were made

on incremental costs of improving appliance energy efficiencies.

Appliance costs estimations are described herein.  Costs for the active

measures are discussed in Sections 3.5 and 3.6.

With some exceptions identified later, consumers in the residential

sector were assumed to finance all energy conservation expenditures

through five-year loans at a real interest rate of 7% texcluding inflation).

Replacement costs of measures whose lifetime is less than 20 years and incre-

mental maintenance costs associated with the active measures were considered

wherever appropriate.  In the commercial sector similar financing schemes were

considered but with different loan periods and interest rates.  These are

discussed in Section 3.6.
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3.4.2  Appliances

The percentage decrease in annual kWh requirements expected for

each electric appliance (except lighting) by 1980 following efficiency

improvements relative to 1975 was obtained from Department of Commerce

data (Reference  5), and applied to respective 1975 appliance energy

consumptions given in the Alternative Scenario.  Independently, the

incremental capital cost associated with each new and improved appliance

was estimated from best available information.  The ratio of incremental

cost (Ac)'to kWh savings (AE) was computed for each appliance and was

assumed to remain constant over the 20-year period 1976-1995.  The  L

incremental appliance cost in the Alternative Scenario in the years

1985 and 1995 was then obtained as the product of the Ac/AE ratio for

each appliance and the respective energy savings specified in the

Alternative Scenario in these years relative to 1975.  The appliance

costs in 1985 and 1995 are shown in Table 3.4-1 and related data in

Table 3:4-2.

TABLE 3.4-1

PROJECTED IMPROVED EFFICIENCY APPLIANCE COSTS
(1976 Dollars)

Appliance 1975 1985 1995

Water Heater 120 155 167

Lighting 6-12 -86/161  96/174.
"11

Refrigerator 490 717 721

Range 320 331 349

TV Color 390 446 446

TV B&W 160 187 187

Freezer 450 460 499

Dryer 200 210 210

Clothes Washer 285 285 285

Dishwasher 300 314 321

Air Conditioner 220 266 293

iMaterials coit/instailed-E t.-1
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TABLE 3.4-2

APPLIANCE COST/ENERGY CONSUMPTION RATIOS
(Costs in 1976 Dollars)

1985 1995
0         °       20     °2 43- 34 E 3 .E.m L p ZE

-c      v   S      .5 w E              =              m          'O        'O          %».- ,„g . 4.J ,"> C •W>> 4 54 0 • r- -r- *&          U   03 2„42 .- »
V- - -       5  0                                    4'  -

a           A •r v) lf U (/) 0 0 + (0 0 + (/) U
.- 0 - .r- . L - 1E u/c 0 - =   I L r- >1 * 393          N ·r- 0 (D D '35 N 50- >t F; 2 >roto0 L ·P U - k 4.J    + 0' .4 1-      ·r- U - .C .r- +J - .-v,x= - pri2 : 4.J +-) C     U

O L * u a o     ·-O 4 8      f -;2 >>   +J q.1 3 *C) +Ja,) 3 4-' c 0,
APPLIANCE 0 >,   C at E 1- bg. U Ega·, .22 C L U  U)-        c E- C W 0'09

'0 - M i . at r- . - M «    I 0 -        1
EE----      al - . a' 0' .- -

fi 
L C W L C

RE U W 1.0 4-       U F-M t·0 Q.J al Ln ·P LO
.3 b   (11 Ln ·v- LA5-          C N a.)  r\   1-- 0  mu %* -4_, CO > Ir- .-> - B b WC' bl W.O« - CM      w m M at ro - 2-2 -0, m 0.1-- 0- .- 0- w ·- -       - 90 -0<] --      <-,O - <r-(/>r- ==22

Water Heater 4442         9 400 120     20 .05 700        35      932       47
3

Lighting 1662        30 500 6-12 134/ .2J I 255 86/ 384 96/
3

2484 .50· 161 174

Refrigerator 672         -        -      490     -         - 2273 2313

Range 1108        10 111 320     20      .18       62        11       161        29
3

TV Color
(15"-17") 464        42 195 390     503 .26 215        56       215        56
TV B&W (19") 334        48 160 160     25 .16 167        27       167        27

3

Freezer 1103        25 276 450 100 .36       27        10      137        49
3

Dryer 917         6        55     200     10      .18      58       10        58        10
3

Clothes Washer      95        10        10     285     10     1.00        0         0         0         0
3

Dishwasher 335        18        60     300     15      .25       56        14        84        21
3

Air Conditioner 1008        22 222 220     40 .18 257        46       408        73
3

1Alternative Scenario (Reference 3), Table 32, p. 159.

2See text for details.
3

Estimatsd. -- =-                                       .     41-4.

-f-  Materials co UInstalled cost. .7 :,                                                                                       1
._E"Ll.·,- -4-    --   ' - -1-     -1-- I                                                                                                                                 ''

3.4.3 Water Heater                                          --

A price ($120) for a water was chosen after reviewing the 1977
My-       ..'.   ..

Consumers Reports Buying Guide (Reference 6) and the Sears Catalog (Reference .7).
The range was from $117 to $189 for a 52-gallon electric water heater.

Power consumption of each water heater is between 4500 and 5500 watts.  The

$120 price is representative of the "ibest buy" models.
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It was assumed that the price of a 9% more efficient water heater would

be $20.  This should cover the cost of additional insulation and increasing
the wall thickness to accommodate the extra insulation (total four to eight

inches).

3.4.4  Lighting

The 1975 cost of lighting was taken as only the cost of the incandescent

bulbs in a household.  Assuming that a house has 15 to 20 light bulbs at a

cost of 40 to 60 cents for each bulb, the total base cost in 1975 is $6 to

$12.  We have assumed that part of the lighting power requirements in 1985

and 1995 will be met with fluorescent lighting and that a 30% reduction in

lighting related energy requirements could be met by 1980.  It should be noted

that the assumed 1980 reduction (30%) is large compared £0 the 1985 (15%)

and 1995 (23%) reductions predicted by  -he Alternative Scenario.         1
.I.-  --

1-
- -4. -1           -- -I.-I   0-I.*I--

It.was assumed that each incaridescent light bulb burns approximately one
thousand hours per year and that each bulb is rated at 100 watts (probable

high case).  Accordingly, each bulb then contributes 100 kWh/yr to the .

lighting requirements.

White fluorescent lights give off 58 lumens per watt for a 40-watt /

four foot bulb.  The 100-watt incandescent bulb gives 16 lumens per watt.

On an equivalent lumen basis, a fluorescent bulb requires 3.625 (58 116)

times less energy than the incandescent, bulb.

The reduction in energy required (kWh/yr) is the sum of the energy

requirements of incandescent bulbs replaced less the energy required by

the fluorescent bulbs which replace the incandescent bulbs. For example,

in 1985 NRDC -projects. a 255 kWh/yr reduction in lighting requirements.

Assuming that bulbs burn 1000 hours per year, the reduction in the wattage

of incandescent bulbs, Ri to obtain this savings is calculated as follows:

Ri (1-1/3.625) = 255

R. = 352 a .

1

The 352 watts of incandescent bulbs will be replaced by 97 watts of

fluorescent lighting.

Table 3.4-3 shows  the cost of adding the Ifluo-refent_fixtures _required- --- 1
by the energy reduction projections in the Alternative Scenario for 1985
--     -

(                  --1-            =-and 1995.  The cost oil fixtures_is included. - - ]'          3 4.

- --'
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-

Table 3.4,3

FLUORESCENT LIGHTING REQUIREME TS PER DWELLING UNIT
AND COSTS'

Additional Required
Fluorescent Number

Energy Lighting              of
Reduction from 1975 Required Fixtures Cost (76 dollars) Replacement Cost202

Year       (%-).-    (kWh/yr)        «(watts) «      80 ,@tt-  .- 40 yatt     Mater:jals_  _Instille-d     8dvaptafte -(1976_ 1.1.4-rs).

1985  15  255    97    1   1    86   161 4
2.00/year

1995       23 384 146           2        0           96 174 2.50/year
1

I Y
L      . 3

1"Building Construction Cost Datat1977,"IRobert Snow Means Co., Inc., 1976
--„--2

  2geflects-the savings arising from not hav.ing to repl.ace four incandescent
100,.watt bulbs each year for the period         J

-                                                                                            --

1976-1985  and five incandescent 100-watt bulbs each_year for the_ period 1986-1995.   This  assumes  lifetime of                        I-- ---
-2-. incandescent bulbs  is  only  1  year as contrasted  with an assumed  lifetime  of 10 years  for the fl uorescent  bul bs

(9ptimistic estimate).
0

-



3.4.5  Refrigerator

The Alternative Scenario shows a trend of increasing refrigerator kWh

consumption per year. This is probably a result of energy conservation

measures not fully offsetting the increased energy consumption arising from

convenience measures such as automatic defrost and ice dispensers.  The

1985 and 1995 prices are estimates.

3.4.6  Range

Ranges include an oven and four stovetop burners (usually three with

a 6-inch diameter and one with an 8-inch diameter).  The base cost ($370)

was chosen after examining the 1977 Buying Guide Issue of Consumer Reports

and the Sears catalog.  Twenty dollars was estimated as the probable increased

cost to meet the projected ten percent reduction in energy requirements by

1980.

3.4:7  Color TV

Costs for color televisions were taken  from  the   1977  Buyi ng Guide Issue
of Consumer Reports for 17-inch models.  The majority of the energy used by

I a television is consumed by the picture tube.  Advances in picture display

techniques will account for the mdjority.of -th6-reduction'inithe:energy
requirements.  Ihe FEA projection is that a 42% reduction in energy consump-

tion is possible for color televisions by 1980.

3.4.8  B&W Televisions

Costs were also taken from the 1977 Buying Guide Issue of Consumers

Reports for 19-inch models.

3.4.9  Freezer

Freezer prices were determined for a 16-cubic foot upright freezer from

the 1977 Buying Guide Issue of Consumer Reports, and the Sears catalog.  The
cost of increasing the efficiency of the freezer (25% by 1980) was estimated

to be approximately $100.

3.4.10. Dryer

The dryer price was taken from the 1977 Buying Guide Issue of Consumer

Reports as a representative of the cost of a good household dryer.  The cost of
6% increased efficiency by 1980 is estimated at $10 based on the cost of

increased insulation and dryer design.

5 3-
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3.4.11 Clothes Washer

The price was taken from the 1977 Buying Guide Issue of Consumer

Reports.  The cost of the more efficient washer is an estimate.  The major

cost of using the washing is due to the cost incurred by using hot water.

Manufacturers recommend cold water wash for many types of clothing and almost

always recommend cold water rinse.

3.4.12  Dishwasher

-

The prices were obtained from sampling of the 1977 Buying Guide Issue

of Consumer Reports and Sears catalog.  The $15 increase for the 1980 models

represents the cost of a switch which turns of the drying cycle.

3.4.13  Air Conditioner

The price was taken from the Sears catalog.  The 1980 price increase is

also from the Sears catalog (the high Energy Efficiency Ratio model).  Room

air conditioners with 5000 Btu/hr capacity were considered.

3.5  RESIDENTIAL SECTOR ANALYSIS DESCRIPTION                                 -

The economic analysis of the tesidential sector is the:fitst'=part of the
overall analysis constructed to determine the present value of the

differences in total cost to the consumers over the time period 1976 to

1995, between the Alternative Scenario and the Pdvve<rucPianto Scenario.

Three-major_ sj-fs. of 3.nergy  Conservation  Brograms desc ibed_-#P..the .Alternative

Scenario report are addressed in this sector.  These can be defined as follows:

a.  Passive conservation programs for space conditioning

encompassing additions of insulation, storm windows,

weatherstripping, automatic thermostat night setback,  1
etc.  These are termed passive because their function is

to reduce building heating and cooling loads rather than

provide these services more efficiently.
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b.  Active conservation programs that result in replacement

of conventional heating and cooling systems with new systems

that provide the same level of service to the consumer with

greater energy efficiency.  Measures in this program comprise

heat pumps and solar space heaters.  Fuel cell total energy

systems are also included in this category.  These measures

are considered in the Alternative Scenario as being additive

to the passive measures.

Both the active and passive programs are evaluated only

in the context of those homes (old and new) that have or would

otherwise have had electric resistance heating (Alternative

Scenario assumption).

c.  Conservation programs that relate to the use of energy efficient

lighting systems, electric water heaters and electric appliances

in the residential sector and which also linclude consideration_ 1
of solar water heaters as an alternative to the conventional

electric water heater.  These programs are not restricted to

all electric homes.

The elements influencing the economic analysis will vary with the

type of the conservation program addressed and type of residence in which

the implementation is done, i.e., existing homes or new homes.  The cost

elements for an individual consumer may be broadly classified as follows:

Non-Energy Costs:

6   Capital cost of conservation measures, particularly for the passive

measures in a retrofit mode, or incremental capital cost of

active measures in new homes where a choice exists between

conventional and new measures as in the case of replacing
electric resistance heating with solar heating, or·replacing

exi&tingeappliances with more efficient ones.

e  Repl·acement cost of measures such as weatherstripping where the

lifetime of the measure is less than the 20-year (1976-1995) 1

time frame being considered.
1
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-@  Incremental maintenance costs for equipment such as heat pumps

and solar heating relative to conventional equipment.

e  Cost of capital that is borrowed to purchase and implement the

conservation measures.   3

Energy Costs:.

e   The unit pride-ofeelettridity<Imill,i/kWA) ttottheceohsumer in
the Alternative Scenario is dictated.by the mix of electric

generation and associated systems given in the Alternative

x Scenario.  (This has been discussed in Section 3.3,)  Unit

inergy costsl($/MMBtu) for other fuels such as natural gas

for fuel cells are computed herein for each year using data

from other sources.

ec Afthuallel:ectnte ednsumlitioti bjitevani,.Bwsiresidential consumersfifr. the two
1 .h this  studscenartak. 7 'tes  of  »'r-'399  betr-, 1n  -975  anc]  1995  of  the  stock  of

./-.....

h.cmesT,1,8  8thof:   i:=8 fai;it lefelli@88324108f  ti;8   ARSi jisisti hy 886ar€ecorAstkide, dfd

iinm'Pliii'%n fut  "aFef thS Petes ,roef thhaeR387 beteeenThi'675'Stidesl965eoff.tilettodkd
14'Sinr nsr,«  ·.Sairt: de+R tte  An format»  Srenar·' «,  pr€  Will   be  01-,1 sd. :' ::4or  nomes  in  whi'cht'conservation  measdrei  afe  implemented 'and the rates  of
'Fr'm  'an..,  ·«'Sh ,11.1 .f'  rln'"1''   -",0--....

 

implementation of' the-mdasutes themselves.  These rates have been derived

b            using pertinent data from the Alternative Scenario and will be discussed
dru

for each individual measure.

The economic analysis allows the determination of total costs to

the consumers in the Alternative Scenario in constant 1976 dollars for

each year from 1976 to 1995.  This cost stream is then compared to

a similar cost stream in the Power Plant Scenario.  It is important to re-

emphasize that the Power Plant cost stream is solely an energy cost stream,

since capital cost effects in the Power Plant Scenario have been accounted

for by considering incremental costs wherever appropriate  in  the Al ternative
Scenario.
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1. -        -                                              .-- -   - -                                                                             -  * -

3.5.1  Space Heating and Passive Conservation Measures

3.5.1.1  Single-Family Residences Built Prior to 1976 (SF<76)

The total number of single family homes existing in 1975 was 1.68

million.  This stock of homes declines to 1.598 million by 1985 and

1.521 million by 1995. According to the Alternative Scenario, while the
total stock of these homes declines, the fraction of these homes that 

are electrically heated (saturation) increases between 1975 and 1995 due

to conversion from heating with fossil fuels to heating with electricity.

The net results  in an increasing stock of.tilce«ri«Ililydche·afekdhlhomes.
This  trend is shown in Figure 3.551_fd'nd·'isi1.in-ea-0.: .lt£.8Arilba--exp-r-ds£edbas:2.-..

C'.A-  1
H = 3 78xl 05+0. lxl 01(.k--1 -975) Algg:6% til 995
1    :.

,                                                                                                        I

TOTAL NUMBER OF TOTAL NUMBER        
3       - -             SINGLE FAMILY HOMES ELECTRICALLY HEATED 1

-Y.EAR BUILT PRIOR TO 19761 SATURATION2 HOMES

1975 1.68 x 106 0.225 3.78 x 105

5
p

1985 1.598 x 106 0.300 4.79 x 10·

' 1995 1.521 x 10                - 0.380 5.78 x 1056

1

1Reference 3, Table 6, p. 33.

2Ibid, Table 29, P. 154.
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FIGURE 3.5-1. 1975-1995 TREND OF THE STOCK OF ELECTRICALLY HEATED
SINGLE-FAMILY HOMES BUILT PRIOR TO 1976
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The implementation .level of passive conservation measures in ,these homes

over   the time period   1976  -to   1995 is shown in Figure.·3.. ;2 · Tti,%19:19ear.ity-Lr     2

of the trend is an Alternative Scenario assumption.and the linear rate of

implementation of each of the passive measures over the period 1976 to

1995 is given by:

•  Insulation, Il = 4.55%/year

e  Storm Windows, Sl = 4.50%/year

• Weatherstripping, Wl ='3:70%/year

6.   Automatic  thermostat,'night  set-back,  Nl   = 3.70%/year
I--

--1        T
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From the stock of homes Hl existing in each year and the corresponding

conservation measure implementation level, the annual market penetration

ji.e.,numberof units sold per year) of each measure can be determined.

It is the difference in the number of units existing in a given year

-    and the number existing in the previous year.  These penetrations can

.    be expressed by the following equations:

e  Insulation, Il = 910(t-1975)+16740, 1976iti1995

e Storm Windows, Sl
= 900(t-1975)116560, 1976iti1995

• .:t·Wea'therstr-ippilig7iWRI: = 740(t-1975)+13620, 1976<t<1980
' 11 ,

= 1480(t-1975)+23540, 1981%-til 995./

e  Ni6ht Set-back, Nl = 740(t-1975)+13620, 1976ft<1995
.--

.- -

-        -                                      -                   -14  -     , .-

Weatherstri pping is assumed  to  have a lifetime of onlylfive years  and.    
-- --- --.

I therefore has to be replaced accordingly, a characteristic which is

-             incorporated in ths-equafion--for weafliErstripping.

. .The initial capital  cost of these conservation measures  wAL--- 
...3FWA# -*,2.-, - - --   -    Z .7.- -

  obtained from the SOM Study (Reference 4). These costs in 1976 dollars-          --
were assumed constant over the 20-year period and are tabulated below:           »_

1

.//Bil-...4/0'*..  - ..e -/.,-- ..'- ----'".44*-'r.:,7. .'..,5-*--  1
•  Insulation = $726 AL'*Fl9441
•  Storm Windows = $910

•  Weatherstripping = $38

e  Night Set-back = $65
-                                                       :...<--L P<... ...»a.-'.-.:----=.--=='. 9 ' --==- -  -.

j-   --Each  consuliier who-impl ements the conservation measures of insulation, -- %=r:.- .-

i storm windows -and automatic thermostat- n ight«et=back=:1's  assumed  to             - --      -T-
-

--- 2--FA:
finance the cost through F-:five-year loan at a real interest rate of 7 9 6           L·   --  / ·   .i       . -1

The costs for weatherstripping are assumed to be borne out-of-pocket.

The annual capital cost of implementation of the passive conservation

programs in these homes in any given year is the sum of the product of

the penetration of each measure and its annualized cost (i.e., after financing).
---¥.

I

i

The·total capital cost outlay in a given year is then the sum of the costs          

r
1

associated with that year's implementation and the cost accruing from  
...- -

implementation in the previous years.  Replacement costs for .weatherstripping
--

<
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are factored in each year starting with 1981.  This accounting procedure in

constant 1976 dollars is truncated in 1995 since this year marks the end of

the period of interest in the Alternative Scenario. The effect of this  
truncation on the results has been discussed in Section 3.2.2. f

The total cost for space heating borne by all consumers in the Alternative

Scenario owning electrically heated single-family homes built prior to 1976

in any year thereafter is determined by four factors:

a.  Total capital and operating (maintenance plus replacement) cost
outlay in a given year for homes in which one or more passive
conservation measures have been implemented.

i b.  The year's consumption of electricity for space heating in
homes with the conservation measures.

c.  The'year's consumption of electricity for space heating in
homes with no conservation measures.

d.  Unit price of electricity to the consumer in that year.

The procedure for determining the first factor has been described

herein and the computation of the unit price of electricity has been

shown in Section 3.3.  The second and third factors which together give
  the total electricity requirements for space heating in these homes in

any year were provided in the Alternative Scenario Report by specifying a

weighted average annual thermal performance coefficient for space heating

in these homes from 1975 to 1995.  Consequently, it is possible to calculate

the yearly total cost stream to 1995 for space heating in these single-

family homes following implementation of the passive conservation measures.

The results of this calculation are discussed later.

The protedure described above has been followed for analyzing the

costs of space heating with passive conservation measures  in -the other three
, - residential building types as well, i.e., single-family residences

built after 1976 and multifamily dwellings built prior to and after 1976.

The pertinent data for each of these building types are shown below.

3.5.1.2  Single-Family Residences Built After 1976 (SF>76)

The yearly stock of residences in this category with electric heat is
11

given by:

H2  =  0.274x105(t-1975),   1976<tr-1985

= 2.74x105+0.425x105(t-1985), 19866t<1995
-
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A linear rate of increase in the stock of these homes has been assumed

both between 1976 and 1985 and between 1986:and 1995.+-.TheLAl.ternative:Scenario

assumes a linear rate of implementation of each passive conservation

measure in these homes over the period 1976 to 1995:

e  Insulation I2 =
4. 9%/year

•      Storm wi ndows   52   = 4. 9%/year

0  Automatic thermostat night set-back W2 = 3.7%/year
1i-- .1.-i= .i& -

-.-.

Market Penetration

e  Insulation I2 = 2685(t-1975).1343, 1976ft<1995

= 4166(t-1975)-9486, 1986<t<1995
--

e  Storm windows S2 = same as for insulation

• Night ket-back N2
= 2028(t-1975)-1014 1976itil 995
= 3146(t-1975)-7164 1986<t<1995

Initial Capital Costs in 1976 Dollars.(Reti'ence  )

• Insulation=&$539

•  Storm Windows = $262

e  Night set-back = $65

Financing

•    Bank  1 oan  for 5 years at alr.eal  .interest  rate of 7%.

Space Heating Efficiency

0 .Weightedaaveragehannualpitharmal„performance,cdeff.icients from the

Alternative Scenario.
-  . 1

F 3.5.1.3 Multifamily DWellings Built'Prior'to 1976. 018<76)

The yearly stock of residences in this category with electric heat

13. given' by':by.

H3 = 4.72x105-0.018x105(t-1975), 1976<t<1995
--- -
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The linear rate of declinein= -the st-olk-ofthesehTmes 3-s-an-Al-fltnative--
Scenario assumption. Unlike in the case of single.family homes built
prior to 1976, the rate at.which thdie-h-omes deciine is greater than
that with which conversions from fossil fuel to electric heating take place.

Consequently, the stock of these homes with electric heating declines with

time.  The Alternative Scenario assumes a linear rate of implementation of

each passive conservation measure in these homes over the period 1976 to

1995:

•  Insulation, I3
= 4.3%/year

•      Storm M ndows,   53   = 4. 2%/year

•  Night .iet-back, N3 = 3.45%/year

•  Weatherstripping, W3 = 3. 45%/year

Market Penetration:

•  Insulation, I3 = 20373-155(t-1975), 1976<t<1995

• Storm Windows, S3
= 19900-151(t-1975), 1976<t<1995

• Night ket-back,  N3  =  £1.6344124(t-1975),   19761«1995
e Weatherstripping,

W3 =fl-6346)124(t-1975), 19761-t:-1980
(replaced every 5

years) =132712 248(t-1975),  19816-til 995

Initial Capital Costs    in 1976 Dollars   <Referen-de-    )

•  Insulation = $180

•  Storm Windows = $338

•  Night &et-back = $65

•  Weatherstripping = $18

· r':-:.',· · Financing:

e  Bank loan for 5 years attd2nedltinterest rate of 7%.,

Space Heating Efficiency
-                       -

I. I •   ·;Weighted£:averagehISFI nu-ap,thermalniper.for'mAricap coefficients   from·

-Ithe: Al.ternati.ve 1,Scenario.1-
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3.5.1I4 Multi family DQellings Built -After l 976-(MF,76)       
-

The yearly stock of residences in this category with electric heat

«i ;-#i v.eA :by:by:

Hz' = 0.278x105(t-1975),     1976<t:-1985
r 5

= 2.78x105+0.45*1.04'(t31985),  1986<t<1995

I -

A linear rate of increase in the stock of these homes has been assumed

both between 1976 and 1985 and b tWeen119865and 1995.t=TheiAT.ternative:Scenario

assumes a linear rate of implementation of each passive conservation

measure in these homes over the period 1976 to 1995:

•  Insulation, I4 = 4.9%/year

•  Storm windows,54
= 4.9%/year

e  Night 8et-back N4 = 3.7%/year

Market Penetration:

e  Insulation, I4 = 2724(t-1975).1362, 19761-tr-1985
'0              = 4410(t-1975)-10633, 1986<t<1995

--

0  Storm windows, 54 = Same as for Insulation I4

e Night set-back,  Nlt
= 2057(t-1975)-1029, 1976itil 985
= 3330(t-1975)-8029, 1986<tr-1995

--

Initial Capital Costs in 1976 Dollars (Reference  )

e  Insulation = $171

e  Storm Windows = $101

e  Night set-back = $65

Financing
-

e   Bank loan for 5 years at:87Fedlitintetest&rate of-7.%1;

Space Heating Efficiency

-

re,·;·Weighted.Baverig8.tannudl,ptherma,l[,lier:fortance -coefficierits.   from-  . ....1            . ....=

tliefAl ternative Scenario.

i 3-42
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             The results

of analysis of the total annual costs to consumers

(capital and energy) in thettesidenti-al__sectorlin the Alternative
Scenario following the implementation of the passive measuresiare shown  !
in Table 3,5,1,3._ _-

3.5.2  Space Heating and Active Conservation Measures

Three active conservation measures were described in the Alternative

1.Sce arto,   all   of  which_a-re  consid-ered  te_be  adjitive  to  the  passive  measures_
just described.  These measures are:
-n
I a. i The introduction of heat pumps as an alternative heating and
L  cooling system that would replace the conventional     %

. resistance heating and air-conditioning systems
i in a fraction of the homes.

L b. *Sol ar , space heaters as an alternative to electric resistance
heating in a fraction of homes built after 1976.

:c. _Totali energy systems (which were assumed to be fuel cell
systems) whi_ch  are also implemented  only  in the newer homes.

The procedure for calculating the economic impact of these active

conservation measures also follows that described for the passive measures.

These will not be repeated here, but pertinent data will be presented for

each active measure.  The one additional factor that is present in this

part of the analysis relates to the additive nature of these measures

mentioned earlier.  These measures, implemented ,in addition-to the passive  -7

measures, will result in additional electrical energy savings.  These

savings will be determined and factored into the overall residential sector

energy demands in the Alternative Scenario. All capital costs were lassumed
---- --

to  be financed for[five -Adrs -at a real  interest -rate  of-7%. -,

3.5.2.1  Heat Pumps in Single-Family Residences Built Prior to 1976

The Alternative Scenario assumes heat pumps captur€-1%-of this- --
market by 1985 and 5% by 1995.  Since implementation levels by year were

not specified as in the case of the passive conservation measures»

a  linear-rate. was- also assumed  in  the  case of the active measures.  .For

the heat pump, therefore, the levels of implementation were taken to be

0.1% per year between 1976 and 1985 and 0. 4% per year between 1986 and 1995.

-       -  - -7
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TABLE 3).5-- 1 ---.-

ANNUAL TOTAL COST STREAM (106 $) IN THE ALTERNATIVE SCENARIO

FOR SPACE HEATING FOLLOWING IMPLEMENTATION OF

PASSIVE CONSERVATION MEASURES IN THE RESIDENTIAL SECTOR

(1976.Dollars)

TOTAL ANNUAL-
TOTAL ANNUAL COST BY RESIDENTIAL TYPE* SECTOR COST[.1_l

YEAR .SF<76 SF>76 MF<76 MF>76 (106$)

1976 141              8            63             3                  216

1977 148         16         64         6             234

1978 155               24               65                9                      253

1979 167         33         68        13 281

1980 179         42         71         17             309

1981 181         51         70         20             322   j

1982 186         61         70  '      74             341

1983 190         71         69         28             358

1984 191         79         68         31              369

1985 191         87         66         34             378

1986 191         99         64         39             393

1987 188 110        61         44            403

1988 187 122:.                    60                       49                                 418

1989 186 133         58         54             431

1990 186 144         56         59             445

199] 184 153         54         63             454

1992 183 162         53         66             464

VJ
1993 182 170         51         70             473

1994 180 178         49         73             480

1995 -1<78 -185 T48; 77-6- =487

TOTAL  3574 1928 :1228 ..778 r    7508       -        -

1  1icostsare to nearest  106  doll ar  -111

1 3-,4 1 :e



Market penetration   of heat pumps   in the h-omes_-cpns.idered   be-re   was

determined to be:

HP  = 20(t-1975)+368, 1976<ti1985
= 80(t-1975)+1172, 1986<t<1995

Since single-family homes built prior to 1976 already have heating
and  (possibly) cooling systems,  the  heat pump penetration  into this market  has

to be treated as a retrofit penetration.  Thus, a consumer with this

type of home would have to pay the full cost of the heat pump system

and not just an incremental cost.  This cost was obtained from Reference 8

and is $2198 in 1976 dollars.  The cost is assumed to be constant over

the 20-year period.  The annual maintenance cost for the heat pump,

however, can be offset by the annual maintenance cost for the conventional

heating and cooling system.  It was assumed that the annual maintenance

cost would be same in both cases, hence this incremental annual cost is

zero.

The energy savings associated with the use of a heat pump arises

because it consumes only half the energy that an electric resistance heater

would consume to provide the-s_ame service-(this is an Alternative Scenario
assumption).  Since the fraction of homes implementing the heat pump is

known, the electric energy savings in these homes can be determined.

The product of the annual electric energy savings and the corresponding

electricity pnice in the Alternative Scenario gives the annual dollar

savings associated with the use of the heat pump.  The difference between

the annual capital cost stream and the annual savings stream represents
the net annual cost or savings associated with the heat pump for the

consumer.

3.5.2.2  Heat Pumps in Single-Family Residences Built after 1976

The Alternative Scenario assumes that heat pumps are installed in

5% of these homes in the first year, with implementation levels increasing
to 7% in 1985 and 1 5% in 1995.  Following a linear rate of implementation

over each 10-year period, the penetration of heat pumps in these homes

C.               . - - - )
3-45

l



was determined to be:

HP  = 1370 units in 1976
2

= 122(t-1975)+1248, 1977311985
= 680(t-1975)-1973, 1986<.t<1995

Consumers who would own these homes have a choice of either installing '

a heat pump or the combination of conventional resistance heating and air

conditioning.  Thus the capital cost to the consumer who opts for a heat

pump is actually only an incremental cost.  This cost taken from Reference 8

was $609/per unit and was assumed to be constant over the period 1976-1995.

Incremental annual maintenahce costs were assumed to be zero. The annual

electric energy savings in these residences following the implementation

of heat pumps was computed as before.

3.5.2.3  Heat Pumps in Multifamily Residences Built After 1976  

The market penetration of heat pumps in these homes was determined

to be:

HP4  =  111(t-1975)-56,  1976311985
= 720(t-1975)-4436, 1986<t<1995--

Incremental capital cost = $294

Incremental maintenance cost was assumed to be zero.

The results of the analysis of the implementation of heat pumps in

the residential sector are shown in Figure 3.5-3.-.For single-family residences
built prior to 1976, retrofitting with heat pumps is not cost effective.

In these homes the incremental cost is the full cost of the heat pump.  This

results in capital expenditures approximately three times as large as the

energy cost savings obtained.  Additionally, since the heat pumps are

installed in homes that have already been made energy efficient with the

passive conservation measures, the total energy savings potential of the heat

pump is drastically reduced.  In other words, installing a heat pump in

homes where no passive measures have been implemented would be expected to

have a much better benefit/cost ratio, compared to the present situation

where the ratio is about 0.4.

1

3-46 1



6J

WI                               G0,90. ------      INDICATES SINGLE.FAMILY DWELLING BUILT AFTER 1976 , SAVINGSINDICATES SINGLE-FAMILY OWELLING BUILT BEFORE 1976                              ,
INDICATES MULTIPLE-FAMILY OWELLING BUILT AFTER 1976 /

I
80·                                                                                      /'

I
,  COSTS

''    ''
70 -

;           :               1

.
COSTS\                                                                                                                                   0/*

I

*
9                                                           .0   .060                                                                                  ',:
1 m- ,/ ,/AR , 0

, /  2      50                                                                                                ,
t &2'

. /
,

PC '''./
Z 2 40 ::

1,8                                              P                                      :    :22<- , / COSTS
30                                                                                          '                                                                       /'

/ I
--  -* SAVINGS''', /// ./.dr        / /  SAVINGS20 - -/--0- *-..- -,           -'-2-/ / -I-- - --f                         - -0-0----0- /

10
--

.. / M..M ..-                                                               -- -.. 1    ..."                            -C                                                                              -'5/
-. ...; i ... *...I---'j....B-.-

... 1 ..   .1 Ii- 176         78         80         82         84         86           88        90         '92          94
'

YEAR IL.-·f
4 .1

--1

FIGURE 3.5-3. HEAT-PUMPS IN THE RESIDENTIAL SECTOR
.

2,

I.

In single-family residences built after 1976, the installation of

heat pumps is marginally cost effective with a benefit/cost ratio of 1.2.

This is partly the result of the incremental cost being only $609 compared

to $2198 for the existing homes.  However, heat pumps are marginally cost
I J

ineffective in the new multifamily dwellings in spite of the low incremental

cost of $209.  This is due to the much smaller heating loads in these

dwellings and.consequently smaller potential for energy savings.
-

- :1
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3.5.3  Solar Space Heating

Solar space heating systems have been assumed in the Alternative

Scenario to be installed only in the new homes.  Furthermore, these

systems provide only 60% of the annual heating load of the residence.  It

was therefore assumed that all homes with solar heating would have full

resistance heating backup.  Consequently, the incremental cost of the solar

system would be its full installed capital cost [ jid-,--in addition, would ha 6 --- .-.

its specific annual maintenance cost.

The sizing of the solar collectors for individual 1.Fl[lgle-an-d- multiple-
family dwellings was based on the following factors:

e  Annual heating load of each building type (assumed to be the
1995 loads given in the Alternative Scenario).

•  Distribution of average heating degree days by month in the
Pacific Northwest region.

e  Monthly average insolation in the region (Btu/sq ft).

e  Monthly average collector efficiency based on heat delivered
into the residence.

The calculation procedure for sizing the collector for residential

buildings is identical to that shown in detail in Section 3.6 and Appendix

E for commercial buildings in which solar heating was implemented and

will not be repeated here.  The results are presented in Appendix B.

Following this procedure, it was estimated that single-family residences

require a collector area of 225 sq. ft. to provide 60% of their annual

heating demand  and the corresponding size for-mul.ti.famjl.v-dlyell.i-ngs.„ Was.95

sq. ft.  One assumption that was made was that each multifamily dwelling unit

would have its separate collector rather than one large collector serving

several dwelling units in one building.  This provides each user direct r-.

'control of the system.
*- ----£

The installed cost of the solar heating system per square foot of       
f

collector was taken to be $20 (in 1976 $) over the period 1976-1985 and    1

$15 (in 1976 $) thereafter.1  Thus, based on the size of the collector
3

-

--
1

1

--0  

includes costs of collectors, fluid loops, storage, controls, structure,
The total·system cost,.expressed in dollars per square foot of collector,         

 

and installation labor. ../,pi-           ..·-- -I .--.--

-&YA     /</V .-I

61 ..._  - '- -·.. --
1

-
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required, the pre-1985 installed costs would be $4500 for a single-family ..'.

residence and $1900 per multifamily dwelling unit.  The cost for the single-

family residence is within the range of $4000-$6000 often cited for such

·dwellings, and is near the lower end of that range due to the fact that it is
an:additivelmeasure  to the passive conservation measures. . Each .system  -
would also have an annual maintenance cost of $25 (in 1976 $) which remains

,

constant over the 20-year period.  All capital costs were assumed to be

_financed for five years at a real interest rate of 7%.

-

3.5.3.1  Single-Family Dwellings Built after 1976

The penetration of solar heating in these homes is based on the

 
Alternative Scenatio implementation of 2% in 1985 and 8% in 1995.  The

market penetration obtained was:

SS2 = 110(t-1975)-55, 1976<t<1985
= 510(t-1975)-2861, 19861-t<1995

Capital Cost (1976$)

Initial Installed Cost = $4500, 1976<t<1985--

=  $3375,  .1986311995

[ -3.5.3.2 Multifamily Deellifigs:Built'After'1976.. .
The implementation levels in' these homes as given in the Alternative

  _   Scenarid are 1% in 1985 and 4% in 1995. The market penetration can be
-- - .  -"-----

1 expressed as:

SS4 = 56(t-1975)-28, 1976<t<1985
=270(t-1975)-1551-, 19861-ti1995

Capital Cost (1976$)
..

Initial Installed Cost = $1900, 1976<t<1985

= $1425, 1986<t<1995
*-----K

As explained in the case of[heat pumps,|the energy cost savings obtained

by virtue of installing solar collectors will be accounted for by considering

the net difference between the capital cost outlay and the electricity

cost savings.

<-1
6
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The annual cost and savings stream associated with implementing solar
-1.-'                                 Iheating is shown in Figure·3.5-4. .Itris evident from- thete resultsr-

_.. z .L "_

that solar space heating is not cost effective over the 20-year period-
since          in both cases the benefit/cost ratio is only-about 0.21 This results from the

high installed cost of solar systems, the relatively small amount of energy-F 

savings obtained in the already well insulated dwellings in which these

systems were installed, and the low price of electricity at Which these

savings are made.
--

\
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_             Parametric analyses showed that lowering interest rates (to 2%) and lengtheningfinancing periods (to 30 years) would not make solar heating cost effective.
--7/
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3.5.4 I9tal Energy Systems- (TESs j  

Total Energy Systems were assumed to be natural gas=-driven fuel

cell systems. The Alternative Scenario-considers these- TES units to
penetrate only the newer home market.  These penetrations are 2%  i n  1985

and 10% in 1995 for the single-family residences and 1% and 5% for the

multifamily residences. The imp-lementation of TES.  '...
obviates the need for utility power supply, since TES units produce electric-
ity on-site.cnFurther,I the,iwaste heat from · the systems can be utiliked
to provide space heatingi,and/on water heating?. Consequently, ,theesizing
of the TES capacity in either type of residence is a function only of the

appliance related peak electricity demand.  Space heat is a byproduct.

Peak appliance demand in the single-family residence was determined

based on two factors given in the Alternative Scenario and mentioned below.

The numerical details are given in Appendix C .

a.  Average hourly electricity demand for each appliance type

assuming 8760 hours/year i.e., average kW.

b.  Ratio of individual appliance electricity demand (kW) at

system peak to annual average appliance demand (average kW),
,

The product of the two factors gives the kW demand at system peak for each

appliance.  The sum of this product taken over all appliances then

provides the total appliance kW electricity demand at system peak. It

YAS -8ssumed- that- this kW-demaind al 60_-reprusents. tlie_peak appliance demand
in any year and hence the capacity of the TES.  This capacity was determined

to be 2.4 kWe·

Since both single-family and multifamily dwellings have the same
complement of appliances, identical TES capacity in both residential types

was assumed.

It is necessary to know the extent of waste heat available from the TES,
'

since this would determine the need for any backup heating systems to ensure

that the building heating load is always satisfied.  In order to know the

extent of waste heat available from the TES, it is necessary to know the use
--
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        profile of the TES, i.e., kW output per hour. 'Th-is profile was assumed         b
twi-th peak use of the TES occurring-in the winter months and is shown in .1

Appendix C.

In the case of the single-family residence, the waste heat from the

fuel cell was determined to be insufficient to meet the building heating load
--in November, February   and   March.      However,   in_.these_months.   

the fuel cell was operating only at 50% capacity.  Consequently, rather than

provide a backup gas furnace to ensure adequate heating capacity in these

months, it was considered to be possible to operate the fuel cell at a higher

capacity (but within its maximum of 2.4 kWe) and meet the deficit heating

demand by providing an additional resistance heating element in the system.

Thus, no gas backup systems were considered.

In the case of multifamily dwellings, the fuel cell waste heat was

found to be sufficient to meet the space heating demand in all the months.

The incremental capital cost of the TES units and annual maintenance

costs were obtained from data in Reference. 9. The cost of the - LI.

additional heating element was assumed to be $200.  All capital costs

were  assumed  to be financed for Ifive years  ata real  interest rate of ·9%. - J

The unit fuel costs (i.e., natural gas coits) for the TES units

were calculated for each year based on cost data from Reference 18,

3.5.4.1  Single-Family Residences Built After 1976

It was assumed that TES units would be first available only in 1980.

Market Penetration of TES:

(TES)2  = 91(t-1975)-228, 1980<t<1985
= 340(t-1975)-2049, 1986<t<1995

The incremental capital cost of the TES unit was $236 between 1980 and

1985 and $51 between 1986 and 1995 (Aplendik-C).  Annoal inc-reni6-Ata-1 - 11
maintenance costs were $31 over the period 1980-1995.

1 Fuel Costs:

e  Annual fuel costs in total dollars are given by:

- 1
3-52



214.15 + 6.86(t-1981), 1981<ti1995
Based on the assumption of unit costs ($/MMBtu) of:

2.007 + .0643(t-1981)  (Reference 10)

3.5.4.2  Multifamily Residences Built After 1976
. . . . / -    1-                     -

Market Penetration:

(TES)4 = 185(t-1975)-463, 1980<t<1985
= 720(t-1975)-4436, 1986<t<1995

Incremental capital costs were $438 between 1980 and 1985 and $353 between

1986 and 1995 (Appendix C).  Annual incremental maintenance costs

, were $31 over the period 1980-1995.

Fuel Costs:

•  Annual fuel cost in $/MMBtu are given by:

200.3 + 6.42(t-1981), 19816-ti1995

The annual cost and savings streams associated with implementing

TES in the residential sector are shown in Figure 3.5.,5.  The resuTts

show that TES units are not cost effective in this application                     

since the benefit/cost ratio in both cases is less than 1.  The ratio in

the multifamily case is only 0.26 compared to 0.73 in the single-family
I '

case.  This is because the incremental cost of TES in the multifamily

dwellings is much higher due to the smaller conventional system that would

otherwise be required for individual apartments and because the penetration

of TES in these_homes is twice as much.-                               __

3.5.5  Appliances

1                    The Alternative Scenario appears to assume a complete turnover of

electric appliances in each 10-year period, i.e., between 1976 and 1985 and

1986 and  1995 all appliances undergo replacement.'1 1  Included  in  the

appliance category are electric water heaters and. electric lighting.

Unlike in the implementation of the passive and active conservation

measures, implementation of electric appliances takes place in all

households that have these appliances according to saturation figures cited
--

1 ,

f-1,The Alternative Scenario seems to have set the market penetration of new

appliances equal to the total saturation of electric appliances.
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in the Alternative Scenario for 1985 and 1995. It was, however, assumed

in this study that appliance saturation changes linearly between the limits

specified for each 10-year period.

The capital cost expenditures for new appliances are shown and

discussed in Section 3.4.  In this analysis it was assumed that the

incremental costs to the consumer in any year in relation to the costs

in 1975 remain invariant over each 10-year period.  Annual replacement

costs are assumed to occur only in the case of lighting systems in

which conventional incandescent lights are used.  The newer energy efficient

lighting systems are considered to have a lifetime of 10 years, so no

:<el. replacement costs are associated with these in either of the two 10-year
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Iperiods under study. As  beforeit was assumed -that capital expdhditures            )
are financed over five years at a real interest rate of 7%.  This is a

- 1
simplifying assumptionjbecause the distribution of consumers has not been        I

.
\

determined according to the number of appliances (retrofit and new)

bought in any year.

The sum of the capital and energy costs streams associated with the

use of appliances  in the Alternative Scenario is €hown in Figure '3.5a6 r:

750

„
COSTS  '

}
1 700
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600

 SCa
            · 550f -'
0 -1» 0
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r    i M  500./
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400

.
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FIGURE 3.5-6.  APPLIANCES IN THE RESIDENTIAL SECTOR
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These annual costs appear the highest of all the measures considered so

far partly because of their high turnover coupled with their very high

saturations and partly because aggregate appliance electrical consumption

is approximately twice as high as aggregate space heating consumption.

3.5.5.1  Solar Water Heaters

Solar water heaters are assumed in the: Alternative Scenario to.have

penetrated about 2% of the homes in 1985 and about 20% in 1995.  In

addition, these systems are said to reduce the annual electrical energy

requirement of conventional water heaters by.60%.

The solar collectors necessary for providing hot water were sized

based on the factors described below and follow according to the same

procedures described for solar space heaters. (See Appendix D forldetails.)---1
a. The annual energy required for water heating was taken

to be 3510 kWh equivalent (1995 requirement in the

Alternative Scenario).

b. Backup electric water heaters were assumed to be

required wherever solar water heaters were implemented.

The calculated size of collector required to meet the specified

requirements was 60 square feet.

Market penetration of solar water heaters can be expressed as:

SWH  = 179(t-1975)+4191, 1976<t<1985
= 2763(t-1975)+20969, 1986<t<1995

The incremental capital cost (1976$) was the full cost of the system

and was determined on the basis of $20 per square foot of collector in

the period 1976-1985 and $15 per square foot·thereafter. Incremental annual

maintenance costs were assumed to be $25 per unit (1976$).  All capital

costs were. assumed to be financed for five years at a real interest rate
of 7%.  The annual cost and savings stream with the solar water heating

systems are shown in Figure 3.5-7.  The benefit/cost ratio for these

systems is only 0.21, thus making their purchase unattractive for this

application.

11 ----
1 This total system cost, expressed in dollars per square foot of collector,   1
1 includes costs of collectors, fluid loops, storage, controls,.structure,        
  and installation labor.=-
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  FIGURE 3.5-7.  SOLAR WATER HEATING IN THE RESIDENTIAL SECTOR

3.5.6  Summary of Residential Sector Cost Analysis

Thus far all the cost factors of the individual elements of the

conservation programs suggested in the Alternative Scenario for the Resi-

dential Sector over the period 1976 to 1995 have been described.  Several

variations were shown within the scenario in the benefit/cost ratio of

individual conservation measures and by individual residence type.  It is

now possible to extend this comparison between the Alternative Scenario

and the Power Plant Scenario for this sector as a whole.
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The total cost (in 1976 dollars) in this sector in the Alternative

Scenario adds up to 20.5 x 109 dollars.  This compares to a total cost

of 26.5 x 10  dollars in the Power Plant Scenario,  Overall, the conser-

vation program in this sector ts more cost effective than the Power

Plant Scenario with a benefit/cost ratio of about 1:3.  When these

costs are compared on a year-by-year; basis, it is found that until 1982 the

Power Plant Scenario costs are either just equal to or less than the costs

in the Alternative Scenario.  Thereafter, the BPA costs increase substantially

reflecting the electricity price effect of new thermal generation, while

the impact of the conservation measures on electrical energy demand begins

to manifest itself in the Alternative Scenario. Of the total costs in the

Alternative Scenario for the residential sector, approximately 33% (6.7

billion dollars) are due to incremental investment in capital, maintenance,

and replacement costs associated with conservation technology, and the

f              remaining 67% (13.8 billion dollars) is the cost of energy.  Thus, the

energy cost alone is approximately half the energy cost in the Power Plant

Scenario.

3.6  COMMERCIAL SECTOR ECONOMIC ANALYSIS DESCRIPTION

The economic analysis of the NRDC conservation program for the

commercial sector will basically follow the organization utilized in the

discussion of the reconstruction of the Alternative Scenario for this

sector.  Namely, first the cost of implementing the (passive) building

conservation measures will be determined (Section 3.6.1) and then the

costs of implementing the (active) on-site systems, i.e., solar heating

and total energy systems (Sections 3.6.2 and 3.6.3), will be analyzed,

The final section (3.6.4) will discuss the overall costs incurred and

total savings obtained due to the totality of proposed conservation

measures in this sector.

3.6.1  Costs of Implementing Passive Building Conservation Measures

3.6.1.1  Capital Costs of Implementing Passive Conservation Measures

1 The procedure followed in order to compute the costs of implementing

building conservation had to be different from that utilized in the

residential sector, but nevertheless led to approximately the same kind of

re ults.--the- 428-cadu-26-had to be different 6ecause-tfie-Alternative-7
Scenario did not distinguish between existing and new construction for each
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of the building types and hence the typical decline in existing stock and

growth in new stock could not be modeled.  Nevertheless, the Alternative

Scenario did follow the SOM Study's mandatory conservation program for this

portion of the scenario as was done in the residential sector.  Hence, the

cost data and percent energy savings given in the SOM Study were applicable

here as well and only the manner in which they were utilized to determine

total cost di ffers from that utilized in the residential sector analysis.

The procedure utilized here is described using the 1985 calculation

as an example.  The regional electricity savings by building type given

in the-SOM Study were computed by summing the savings for the existing and

new buildings of each type.  Associated with that savings was a total

capital cost of implementing those conservation measures for both new and

existing buildings which were also summed by building type.  Both the

energy savings and costs were those associated with the mandatory conser-

vation program given in the SOM Study and which was utilized in the

Alternative Scenario energy savings calculation.  The total savings and costs      B

can then be used to compute a unit cost of implementing the mandatory program

for each building type expressed in dollars per kWhe saved.  Then given

the total electricity savings by building type iri 1985 according to the
Alternative Scenario, the total costs associated with those savings can be         w

determined by dividing those total savings by the unit costs.

Although this was the conceptual approach used here, the actual approach

was somewhat more complicated in order to take into account financing

effects and replacement and maintenance costs.  The financing effect on the

total capital cost was incorporated through the use of a "loan multiplier."

This "loan multiplier" is the annual capital recovery factor associated
with the particular type of loan multiplied by the number of years of the

loan.  It results in a number greater than one which, when multiplied by the

initial capital cost, yields the total expenditure for the capital cost
at the time the loan is payed off.  The results of these calculations are

shown in the first five columns of Table 3.6.1 and Table 3.6.2 for the years

1985 and 1995, respectively.
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1
TABLE 3.6-1

.'

<*                    ALTERNATIVE SCENARIO COSTS OF IMPLEMENTING BUILDING

   CONSERVATION IN THE COMMERCIAL SECTOR THROUGH 1985

1985 1985
4 Alternate Alternate1980 SOM 1980 SOM Loan 1980 SOM R&11 Unlt

Scenario Scenario

{11                              '106
- (* 106 $) (x 106 $) (x 106 $) ($/Kwh Saved) (x 106 Kwh)   (x 106 1)  '

Bulldlnq Type R'eqional Savings      Regional  Cost      Multipller      Regional Costl Added Cost        Cost ._Savinos Cost

*

V
Small Office                       613 73.7 1.116 82.25 1.89 .1373 1231 169.0

Large Office 374 7.8 1.1881 9.3 .60 .0264 1667 44.02

't

Retail 812 18.6 1.116 20.8 1.38 .0273 1790 48.8

School 640 11.8 1.07903 12.7               0 .0199 427 8.5

Other Commercial 1192 33.7 1.1881 40.0 3.29 .0363 1802 65.5
2

1
63 335.8

1                            4.1 <3 ..

1

i

€

7%  Interest  for 3 years.

1
27% interest for 5 years..                                                                                                                         #

35% interest for 3 years.
11        #R&M = Replacement 8 Maintenance Cost added for certa in conservation measures. See Table  3.6-2

C                      '.       1/
l -\ . 1

1 ..:/

.

TABLE-376-2

ALTERNATIVE SCENARIO COSTS OF IMPLEMENTING BUILDING  
\                             CONSERVATION  IN THE COMMERCIAL SECTOR  FROM  1986-1995  |

1 E---a

4< 1985-1995 1995
1995 SOM 1995 SOM Loan 1995 SOM R&11 Unlt Alternate Alternate

       Building Type Regional Savings Regional Cost Multiplier    Regional Cost Added Cost cost savings Cost
1

Scenario Scenarjo

(x 106 Kwh) (x 106 $) (x 106 $) (x 106 $) 3$/Kwh Saved) (x 106 Kwh) (x 106 $)

 ' Small Office      " 2034 312.2 1.1161 348.4 11.0 .1767 1170 206.7

Large Office 2570 53.5 1.18812 63.6 4.54 .0265 3574 94.8
  Retail                              ' 5360 123.2 1.1161 137.5 5.32 .0266 1991 53.0

School 4217              79.Op
29                                                                           31.0790 85.2 0 .0202 720 14.6

·2Other Corlmercla 1

7689 <
1 218.0 <

 
1.1881 259.0 21.3 .0365 3181 116.0

A l  -             \                     . 
it                            '                                                                                           485.1'«

17% interestfor 3 years.                                                                                                                       /
27% Interest for 5 years.

<      35% interest for
3 years. C. 1..

»-111
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L 3.6.1.2 Maintenance and Replacement Costs Associated with Conservation
Measures in the Commercial Sector

For each building_type, both existing and new, the conservation L ·
measures implemented  in it according  to  the SOM Study 'were exami ned,  and       '

those which involved a capital expenditure and which also possessed either a

large number of moving parts or had a relatively short lifetime were

selected as candidates for maintenance and replacement costing.(Reference 4,  ,

pp. 146-171).  However, due to the lack of data regarding maintenance costs

and lifetimes associated with these measures in the SOM Study, an assumption

had to be made.  It was assumed that 10% of the initial capital cost of

implementing these measures would be expended for maintenance and replacement

during the ten-year periods of interest.. This 10% figure may be too low for

measures implemented early in the period and is certainly high for measures

implemented later in the period and on balance is felt to represent a

conservative average cost over each of the periods.  The number of units of

each measure implemented through 1980 and from 1981-1995 in the SOM Study

was  al so determined.    Thus, the total maintenance and replacement costs

associated with the mandatory program in the SOM Study could be determined.

The data are shown in Table 3.6-3.

TABLE 3.6,.3                     1

 COMMERCIAL SECTOR MAINTENANCE AND REPLACEMENT COSTS !
ASSOCIATED WITH SOMl S MANDATORY PROGRAM

i 1980 1980 1995

Unit Cost 1980 Total Cost 1995 Total Cost
' Jull dinq Type Conservation Measure (1976$) # Units (1976$) # Units (1976$)

Small Existing Office Electric Heat Pump $ 270 2018 .54x106 13,453 3.63x106

Small New Office Electric Heat Pump $ 270 5022 1.35x106 27,265 7.36x106
1.89x106 11 xlOb

Large Existing Office Timer Controls $ 500          34 17,000 236 .12x106

Variable Air Vol time System $3500          35 .122x106 236 .826x106

Large New Office Timer
Optimizer Controls
Heat Recovery $6500          71 .46x106 557 3.6x106

System and Storage .6 xlob 4.54xl Ob

Variable Air
Volume System

Existing Retail Buildings Modified HVAC Units $2500 133 333,000 889 2.22x106

!' New Retail Heat Recovery System $3500 300 1.05x106 888 3.lx106
1.383x106 5.32x106

Existing Schools                     NA                                    -                                     -

New Schools                          NA                                    -          -                          -

Other Existing Commercial Low Capital Cost $ 550 537 .295x106 3,577 2.Ox106

'

High Capital Cost $1560 537 .838x106 3,577 5.6x106

Other New Commercial Actions in Addition to $2087 1034 2.16x106 6,578 13.7x106

ASHRAE 90-75 3.29xlOb 2.13xlOb

i
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These maintenance and replacement costs were added to the total

capital expenditures after financing and then this total was divided by the

SOM energy savings in the appropriate year to obtain the unit conservation

costs by building type as explained previously.  The unit costs were then

divided into the total Alternative Scenario electricity savings to obtain           r

the total cost, capital plus maintenance and replacement, of implementing

the mandatory conservation measures by building type.  These costs,

according to building type, were distributed uniformly throughout each of

these periods for purposes of obtaining an implementation schedule.

3.6.1.3  Cost of Electrical Energy to the Commercial Sector After Implementation
of Building Conservation

Having determined the capital, maintenance, and replacement cost stream

associated with implementing building conservation, the electrical energy

costs to the consumer must now be determined.  This determination is made

by multiplying the energy consumption measured in kWhe per year by the price

of electricity in that year for each building type.  It should be noted

that-ttle _Rric,-of, electricity utilized  here is based  upon  the full implementation
-.   ---*..... - « 6..

of the Alternative Scenario, and is not merely the price that would result from

the demand reduction associated with these specific measures, nor even from

the demand reduction associated with the entire commercial sector conser-

vation program per se.  Thus the price that is utilized to compute the energy

cost to the consumer is actually contingent upon all the remaining conser-

vation measures occurring as well (including those in the manufacturing

sector).

The actual electricity consumption (as opposed to the effective

electrical consumption presented in Section 2.3) by building type is

shown in Table 3.6-4.  These represent the regional electricity consumption

for each building type in the years indicated.  The consumption in the

intermediate years was obtained by linear interpolation and multiplied by

the price of electricity in these years.  Thus the total cost of electrical

energy in each year may be found.

(
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Table 3.6-4

ACTUAL ELECTRICITY CONSUMPTIONZIIN THE COMMERCIAL SECTOR
BY BUILDING TYPE - ALTERNATIVE SCENARIO

(x 106kWhe)

Buil d-ing- Type 1975 1985 1995

Small Office 2387 2700 3144

Large Office 2722 2815 1081

Schools 1502 1488 1139

Retail 5390 7734 11058

Other Commercial 6083 6539 5313

18084 21276 21735

1Actual electricity consumption for each.building type was determined by
multiplying the regional building space by an energy intensity and then
by electrical saturation as explained in Section 2.3.

These energy costs are then added to capital, maintenance, and replace-

ment expenditures in each year.  These data are presented graphically in

Figure 3.6-1.

A comparison of costs with the Power Plant Scenario costs at this point

shows  that the 'total Alternative Scenario  cost (in constant  1976$) is approxi -

mately 8.19 billioo dollars while the total Power Plant Scenario cost is

14.65 billion dollars. However, it must be noted that the price of electricity
utilized in computing the Alternative Scenario energy cost assumes the

remaining active conservation measures were also implemented and thus there
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is a remaining cost associated with the Alternative Scenario Ehat is not

EJ  t accountedfor._Nevertheless, since the energy savi.ngs already obtained.at   1-- 
this point is a significant percent of the total savings to be achieved, .\ I

1                                                                                                                             1 ,

approximately 92% of the total savings in 1985 and approximately 84%.of
-- --  -*pl---Ill- -r
1.-       ..the total ·savings in 1995 (see Table 2;3 6),.it is evident

----1*.--#.--I----

that there is a significant cost and energy savings associated with'passive

conservation measures alone.
2---V--

\
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3,6,2  Solar Heating Requirements                                                     ·
-

„..._11

According to the Alternative Scenario, solar heating can save 1% and 5% of
the total equivalent electrical energy (TEE)1 requirements of the commercial.sector

for the years 1985 and 1995, respectively.  In order to determine the cost

of implementing this much solar heating,  it must first be determined how much
of the total· sector's space heating service demand is-provided through

this much savings in TEE.  This can be determined through the following

table.
..<Ilt=*:il.

91»CE- t. 6-51
SOLAR HEATING REQUIREMENTS

1985 1995

Percent Savings                       
         1%            5%

TEE2 Saved (x 106kWh) 503 2,355

Electrical Saturation3 .423 .461

»                  Actual Electricity Saved (x 106kWh) 212.8 1085.7

Space Heat Required (n=.95)(xl 06kWh) 202.2 1031.4

Expressed in terms of Btu's, this means a total of 689.9 and 3549.3

x 109 Btuls of space heat must be delivered into commercial buildings of

the PNW in 1985 and 1995, respectively.

3.6.2.1 Solar Collector Requirement for the Commercial Sector

In  order to determi ne   the  cost of supplying these amounts of solar

heat, the amount of area of solar collectors required to collect and deliver

this heat must be determined.

In order to take into account seasonal and monthly variations of heating

demand, a typical commercial building's heat load characteristics had to be

described so that monthly variations in heat load requirements could be

determined.  The typical commercial building chosen here is a weighted average

of the size of the SOM prototypes since the specific types of commercial

1

The TEE represents the electrical equivalent of the sector's total energy
demand.

2 ..

The total TEE before implementation of solar heating is 50,299 and 47,147
x 106 kWh for 1985 and 1995, respectively (see Section 2.3, Table 2.3-6).

3Reference 3, P. 169.
1 - i.- .---- --
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buildings in which solar heating was to be implemented were not specifiEd
--1--*-

f-               in-the- Alterriative-Scendrid-rebBFE.      Its-heat load characteristics and calculated
heat losses shown in the following table were based upon those of the large

office building prototype (Reference 4„p:.124)12
«

„  2

E-TABLT .616 1

--*

. I.
-

AVERAGE COMMERCIAL BUILDING HEAT LOSS
CHARACTERISTICS FOR PNW

(Total Area:  39,500 ft2)

ATTRIBUTE. AREA (ft )- -U-FACTOR (Btuh/,ftf/3.) .     9-(Btu_/3/hr.)-
2,

Walls 16,800 .251                     4,217

Roof 8,000 .157 1,256..

Fl oor 8,000 .40 (Btuh/ft) 16,800

(160'   x  50' )
, Wi ndows 6,700 1.13 7,571

Ventilation 10,000 (CFM) 1.008 10,080

39,924 Btu/°F/hr. t'·
Q (daily) = 958,176 Btu/°F/day

*.1 1.. -.ri#.*..,4:*01....:.+vX........I.--*......./.-I........,.:' .: e:,tr.....-81+(...74.4-.-  '-I+&2. *.    -   ,„.:r.. :..rRa. 5-
--7...

The  monthly  heat load variations

on-t=h-e=  -b- i  ding  wer=e  hen  determined       - ;  -

.1

1     by mui tiplying the daily degree-day  heat  loss Q (daily)  by the number of
degree days .ih the bionth.-- Thedegree-day data represented an -ave-taje f6r
the cities of Boise, Seattle, and-Eortland as found in the Climatography of

.r-  ... ..... --MA . .    *A//:-/- --'

the United-States No. 84 (Tabli 1, Appendix. E). Then, given the monthly rk"  
'..'.:solar insolation data for the PNW rigion (Table 2, Appendix E ),.an r- - - /.

/1 - - -    -             -*--irif-|. 41<- assumed collector size of 50,000 ftz, and monthly variations in collettir --I-

---,1

 - fficiencies, '  the monthly solar heat supply was determined. (Since the
percentage of total heat load to be supplied._by solar was not_-sp-ec-ified,1.-

1   70% was assumed from which the size 50,000 ft2 was derived.)  With this
....1  1

ail information, the monthly deficit (or surplus) from which an annual useful
..

he t-gupply-can be derived could be determi ned. These  data and calculations
are  given in Appendix E,  Tabl e-3 -_  _

-

-*.
1„ '-Application of New Energy Analysis to Consumer Technologies,"

Appendix G,       -<  _ Development Sciences Inc.,'E, Sandwich, Mass. ---
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3.6.2.2  Capital Costs of Implementing Solar Heating Systems in the
Commercial Sector

-

2        =1 -

At this point, the amount of useful heat that can be supplied by 50,000 ft     %

of solar collectors into a typical commercial building has been determined.

This amount of heat supplied per building divided into the total commercial

sector heating requirement yields the number of buildings and hence the
total area of solar collectors required.  Given unit costs ($/ft2) for total

installed solar heating systems,1 the total sector cost can then be determined.

These figures are shown in the following table.
rt

TABLE 3.6-7

PNW COMMERCIAL.SECTOR SOLAR COLLECTOR REQUIREMENTS
...

.._-- - _ .1 1985 1995

Total Sector Heat Requirement,(x 109 Btu) 689.9 3549.3
Useable Solar Heat Per Building ( 109 Btu) 3.37 3.37
# Buildings 204.7 1053.2
# ft2/Collector (x 106ft2) 10.23 52.66

[50,000 ft2/building]

Cost (x 100 1976$)2 204.6 841.0

3.6.2.3  Cost Stream for Solar Heating Systems in the Commercial Sector)'\

The cost stream consists of the annual costs of capital plus the annual

maintenance costs for each year in the period 1976-1995. The implementation      
rate was assumed to be uniform for each of the periods 1976-1985 and 1986-

1995, and the capital costs thus obtained were assumed to be financed ataa

real  interest- rate -of 7%  for 5 years.

The annual maintenance costs were assumed to be $100 per building

throughout the entire period.  Given that the number of buildings that

implement the solar heating systems each year is 20.47/yr from 1976-1985

and 84.25/yr from 1986-1995 (based on the total number of buildings in           1
1 -

Table 3.6-3), the annual maintenance costs are given by the following

expressions:

1976-1985:  $100 (20.47) (t-1975)

1986-1995:  $100 (84.85) (t-1985) + 20,470

1 National average costs for installed systems are approximately $20/ft2.

i(References 20''and 6.) Installed costs beyond 1985 were ass.y.med to bp
$15/ft2   due  to mass iproduction cost reductions. -The total   sys tem
cost, expressed in dollars per square foot of collector, includes

1

costs of collectors, fluid loops, storage, controls, structure, and

installation labor:

1 3-67 1
1
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Note that the supplementary electric resistance heating costs incurred

because  of  the  30%  deficit_have -al.read%  been  account«for  by. yirtue Qf 1...  -.- . -  -              -j

the fact that only the amount of electricity cost savings actually due to

the implementation of the solar systems will be subtracted from the total

sector costs.  Hence the deficit is in effect charged at the rate of the

current year's electricity price in each year,  The size of the supplementary

electric heating system was assumed to be the same as for the conventional

 

system and therefore cancels out in the two scenarios.

The cost savings due to the reduction in electricity consumption

occurred at' the same rate at which the solar systems were implemented,

namely uniformly. Based on the electricity savings shown in

Section 3.6.2, the expressions governing these annual savings are:

1976-1985:  $21.28 (t-1975) Pe (t) x 106

1986-1995:  $108.57 (t-1985) Pe (t) x 106

where Pe(t) is the price of electricity in year t expressed in $/kWhe.

3.6.2.4  Results of Economic Analysis of Solar Heating for the Commercial
Sector

The cost and savings streams that result from the implementation of

solar heating systems in the commercial sector are shown in Table 3.6-8.

' The net cost of implementing solar heating systems is more than half a

billion dollars.  However, it should be noted that the implementation
1 of this conservation measure does not occur in isolation from all the other

measures but rather in conjunttion with them.   In particular,  the cost savings
are those associated with the relatively inexpensive price of electricity for

the Alternative Scenario as a whole, and therefore the savings would, of course,   1

be much higher if the solar heating systems were implemented first or in

the context of the Power Plant Scenario. It must nevertheless be concluded

that solar heating is not cost-effective within the context of the Alternative

Scenario taken as a whole for the 20-year period of interest.  Furthermore,

given the fact that of the total energy savings in 1995 of 20.8 x 10  kWhe

the solar energy savings is 1.085 x 10  kWhe' or approximately 5% of the

total, it does not seem worth the expenditure of over half a billion dollars
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ITABLE 3if 
COST AND SAVINGS STREAM ASSOCIATED WITH IMPLEMENTING

SOLAR HEATING SYSTEMS
1976-1995

(1976 Dollars x 10-7)

Year Costs Savings Net Cost

1976 0.26 0.03 0.23

1977 0.52 0.07 0.45

1978 0.78 0.10 0.68

1979 1.04 0.14 0.90

1980 1.30 0.18 1.12

1981 1.56 0.22 1.34

1982 1.82 0.27 1.56

1983 2.08 0.31 1.77

1984 2.35 0.35 1.99

1985 2.61 0.39 2.21

1986 3.16 0.20 2.96

1987 3.71 0.39 3.31

1988 4.26 0.59 3.67

1989 4.81 0.79 4.02

1990 5.36 0.99 4.37

1991 5.91 1.19 4.72

1992 6.46 1.39 5.07

1993 7.01 1.59 5.42

1994 7.56 1.80 5.76

1995 8.11 2.00 .6.11

TOTAL      $576.6   x__106

to achieve this marginal savings when there are less expensive alternatives

available.  Of course, if the unit costs of solar heating systems can be

further reduced, or collection efficiencies significantly increased, then

this assessment could change.

3.6.3  Commercial Sector TES Requirements

The determination of the cost of implementing total energy systems

(TES) procteds in a similar manner to that of the solar heating cost calcu-      i
- -. .   '.

4 lation. First, a candidate TES must be selected since it is not fecified in the IL_
.______1 .Alternative Scenario report. Among the various 3ypes which are currently_ linder   -1==:==.E- 1 1

considerationfor    the    neGr-term aiiethe--di-esel t'I-US,1
gas-fired internal

. '

combustion engine MIUS, coal MIUS, organic waste MIUS, and-fuel cells.
--

. . ,    .../.'-I'e

1 Modular Integrated Utili.ty System.
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= 49
-The  latter-was »chosen as -the candidate system for purposes  of this exercise.      ,:
The reason for this is that fuel cells possess characteristics which are  -    :

particularly suitable for integration with commercial buildings:  quiet

operation, low environmental emissions, high availability, modularity,

and cycling flexibility. J The specifications.for the particular fuel         ·.
cell TES employed in the analysis are:121 ·f'.

•      king_-_40.   kW
•   1 Effi ciency--40%_(part-iZii]
• (Availability factor - _96%-1
• f Wa-ter required-- None
• ffuel - plbellnequalitY_gAL_|

[The  40-kWe  fuel   cell  TES, a first generation system, is expected  to  b;

commercially available by 1980 according to one manufacturer.131'

3.6.3.1  Sizing the Fuel Cell TES for a Typical Commercial Building

Following the method utilized in the solar heating requirement calcula-

tion, a typical commercial building was used as the basic unit for

determining the amount of installed capacity required.  The typical building

chosen here was based on the SOM prototype large office building (Reference 4,.,

pp. 124-125).  The annual total electrical requirement for this all-electric

building was given as 4,235,000 kWh per year.  The portion of this electrical

requirement used for heating was based on the :Alternative Scenario-av-er-* 1
percentage of 49.2 multiplied by a 95% delivery efficiency or 1.979 x 10

6

kWh heat load.  This leaves a purely non-heating electric requirement of
6

2.151 x 10  kWh, or a ratio of about .9 for thermal to electrical load.

This ratio falls within the wide range of .5 to 4.0 usually cited for office

buildings.                                                  -:=a=.  - --, -

The fuel cell requirement for this typical commercial building is

determined by assuming the fuel cell will be capable of meeting the peak

demand for electricity incurred by that building at any time of the year.
---

'lsee "National Benefi ts Associated with Commercial Application  of  Fuel
Cell Powerplants,9 United Technologies Corp. Power Systems Division,

. February- 19767-3

bbid.-,   3--14.'.1n r

-;-'d,Ibid..,- p. 49.1 -----r-....-
3-70         46--- I
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1            This assumption is implicit in the'Alternative Scenario requirement that 100%   l
---1- Ii-i

of the electrical load be met by the total energy system.  The peak demand     .

can be determined from the data concerning non-heating electrical demand

provided in Table 40 of Reference  3.  .Th€.peaki.to average.ratio<that tesultsh /

1

is 2.54 as shown in Table 1·6--9 beloW.

TABLE 3.6-9 ]-     - -- --

COMMERCIAL SECTOR:  PEAK USAGE FOR NON-HEATING ELECTRICAL CONSUMPTION
-

Relative    2
Consumption (%) Component of

End-Use Service Peak to Averagel (1985-199-5) Pegk to Average

Lighting 3.37 51.1 1.72

Cooling 1.87 25.5 .48

Mechanical 1.68 15.7 .26

Other 1.00 7.7 .08

100.0 2.54

The maximum hourly demand for power that occurs at the time of the

system peak (during winter) is calculated as follows:

Annual Non-Heating Demand x Peak to Average Ratio,Peak Demand = 8760

2.151 x 106 x 2.54
8760

= 632.8 kWet Peak Demand

&   245.6
[1<Wd

Average Demand

The total number of 40,kW i fuel cells required to meet this maximu43,
re

demand = 15.6, which may be broken down as follows:

15     40 kW cells

plus 1 25 kW cell

for a total capacity of 625 kWe (with 1.2 kWe reserve).

 Reference 3, Table 40:2.
Calculated from data in Reference 3, Table 41.
3 -Determjning   the   number  of fuel __cells required based_onmeetingthis-Pea-k,

maximum demand will not tesult  in  thF most economic numBer -due  tb the
amount of idle capacity that remains in off-peak periods.                    41
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Given this peak demand, which is assumed to occur during the month of

December (since this month is one of the coldest months and has the

shortest daylight hours which accounts for the high lighting peak to

average ratio), the power demands for the remaining months must be determined

such that the integrated power demand over the year equals the total non„

heating electrical consumption for the building in that year.  Since monthly

power demands  were not given  in  the <Al ternative SEenario  report,_-a._demand  profile
was constructed to serve this purpose, shown in Figure 3.6i2..

. -- /2  4 ./
"<1:KFP...  IAj -

600 - 623.8 kWe
.,

-A-.f
/

1 400 . 400 kWe

DEMAND
(kWe)

200                                                                                  e
169.2 kWe 169.2 kW

,..,...

1 1 1 1 1 1 1 1 1 1 1    1 4.M
duly      Aug      Sept      Oct      Nov      Dec     Jan      Feb      Mar     Apr     May    June      .           _ ,1

1 < 1.
  FIGURE 3.6-2. COMMERCIAL _BU_ILOING NON-HEATING ELECTRICAL DEMAND PROFILEl
L .  -  r  - -- --  -· · ·

.
..i

9.11 *' .'.:r-#':
».-

11
1 _Assumed profile, based on known average demand and demand at system peak--    ]- ------------1 --1 .-'

......

1  3-7'..,..
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Having determined the monthly demands·for electricity (other than          

for heating), the recoverable waste heat output associated with theseC 1

demands can be determined.  Since the electrical conversion efficiency of
1. '.

the fuel cell is 40%, then 60% of the input energy in theffuel ultimately ,.

1,     becomes a waste heat. Assuming a thermal recovery efficiency of 70% for
thisf1 3

   t,     waste heat, then 42% of the input energy in the fuel is recovered as useful     /

... heat.  The ratio of electrical to thermal conversion efficiency is thus

40:42 or 1.01:1.05, i.e., every kWhe also results in 1.05 kWht.
Hence, the  <'  <)

monthly demands for electricity are multiplied by the factor 1.05 to

determine the amount of useful heat recovered.  This calculation yields      i.,1-

the monthly supply of thermal energy  (as well as electrical energy)  from the <14'  .ct

fuel cell, shown  in  col umns  2  and  3 of Table 3.6-10. i/AL
TABLE 3.6-10

MONTHLY THERMAL SUPPLY AND DEMAND FOR AN

AVERAGE COMMERCIAL BUILDING WITH A FUEL CELL TEST

Recoverab-le Supplemental
Thermal Heat Heat

kWe OutRUt Load Requirements
Month Demand (xl0jkWh),. (X103kWh) (X103kWh)

January 400 307 350.3 43.8

February 169.2 130 264.3 134.3

March 169.2 130 258.4 128.4  ,     +
. . =  i.,

,.

April 169.2 130 175.0 45.0 ..
.

....,

May 169.2 130 101.0

June 169.2 130 45.4 4
.

July 169.2 130 13.6

August 169.2 130 16.3

September 169.2 130 48.1

October 169.2 130 141.6 11.6

November 400          / 307 245.5

December 623.8 478 318.8

1979.0 362.6 (18.9%)

3-73 >
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The monthly thermal loads of the typical commercial building were
determined by allocating the annual thermal load of 1.979 x 106 kWh

according to the percentage of annual degree-days occurring in each month

(these percentages are the same as those occurring for the commercial

building in the solar heating calculation).  The monthly thermal demand

and supplemental heat requirements are also shown in Table 3.6-10.

Table 3.6-10 'shows' that as wdll-'as' being able'_to meat. 100% of the
annual electric power demand (the sizing requirement), the waste.heat

from the fuel cell is capable of providing 81.1% of the annual heating

demands.  The supplemental heat required could either be made up through a

backup gas-fired furnace or perhaps by operating the fuel cell at a

slightly higher capacity and utilizing the excess electricity for electric

resistance heating.  It was decided to test this latter option by

determining whether there was sufficient fuel cell capacity to provide the

supplemental heat requirement for the worst month, namely, February.

The total heat load for the month of February is 264.3 x 103 kWh

(see Table 3.6-2).  The electrical load for that month is 169.2 kWe x 730
hours = 123.5 x 103.  The total energy reguited in that month is therefore

387.8 x 103 kWh.  Since the installed capacity of the fuel cell total

energy system is 625 RWe, it is capable of providing 456.2 x 103 kWhe and

479.1 x 103 kWht at maximum output (see the month of December,ifofablample, in Table

1 3.6-2), for a total of 935.3 x 103 kWh.  This is more than sufficient to

meet the load for the month with the worst deficit. Thus it will be

assumed that with the addition of an electric resistance heating element,

similar to that found in a conventional electric furnace, the fuel  cell
total energy system is capable of providing 100% of the energy requirements

of the commercial building.

3.6.3.2 Capital Costs of Implementing Fuel Cell TES in the Cammenci:All Sector

Having determined the installed capacity of fuel cells required to

meet the total energy needs of a typical commercial building, the ttital

r,capi»l costs- 6-f--i-nsthlling such a system must now be determined.    Then,
after determining the number of such buildings required to yield the total

sector's reduction in the central station electricity requirements in

1985 and 1995, the total sector cost of implementing these systems can

4               _« »·:be determined.
.....3-'
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The costs of each component and of the system as a whole are shown

in Table 3.6-11. The installed unit costs of both fuel cell sizes were
\

$277/kWe and $200/kWe in 1980 and 1986,.respectively, as given .in Reference 9     ':

,.       (high-
and low-range estimates).  The fuel cell thermal system cost was also

given in Reference 9.  The resistive heat element cost is an estimate
e .based on the cost of the materials involved, and the equipment cost   GLY

for-  the alter,native conventional    sys tem was found in Reference   2   and

         scal ed upward to meet the maximum hourly demand of approximately 1.6 MMBtu/hr. i,  .

(month of January).  Given the quantity of each component required,
-- - -

the cost of the total system when installed in each of the two time periods

was found to be $219,025 and $170,900, respectively.  Subtracting the

capital cost of the alternative conventional system of $12,700 produces a

delta capital cost of $206,325 and $158,200.  These amounts were assumed

to be financed over 10 years at a 5% real interest rate.
-7

TABLE 3.6-11

FUEL CELL CAPITAL COST PER BUILDING I

-_(1976$)-
1-'.

           '                              Unit Costsl Total Cost Per Building

/ Component 1980-1985 1986-1995 Quantity 1980-1985 1986-1995

i  40 kW Fuel Cell 11,080 8,000            15 166,200 120,000

1

25 kW Fuel Cell 6,925 5,000              1 6,925 5,000

Fuel Cell Thermal. System 2,850 2,850            16 45,600 45,600

(including Heat Exchangers)

Resistive Heat Element ,
300 300             1 300 300

(including Controls) Total $219,025 $170,900

Alternative Conventiooal
Electric Furnace Costi -   12,700 - 12,700

(installed) 8     = $206,325 $158,200

1-1

Based on data supplied in "National Benefits Associated with Commercial Applications of Fuel Cell Power- -

plants," United Technologies Corp., Power Systems Division, Feb., 1976, p
p.38-49.

Building Construction Cost Data, 35th Edition, p.  205. Cost scaled for a 1.6 MMBtu unit.

\
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In order to determine the total sector costs of implementing,fuel cell
.

r- TES, the number of buildings that would have them installed had to be ..\

determined.   As was mentioned previously, since the Altetnative- Scendrio

report did not specify in which types of commercial buildingsstheyTES Qduld be    ·' 
installed, the typical commercial building assumed here had to be utilized.

Having already determined that each building is provided 4.235 x 106 kWh of

total energy per year by the fuel cell TES, it was only necessary to

determine the total sector savings from the TES in order to finally

determine the number of buildings required.  The calculation of the total

sector savings is shown in Table 3.6-423below.
.---0-7

 TABLE 3.6-121
COMMERCIAL SECTOR ELECTRICITY SAVINGS FROM TES

1985 1995

Implementation                         2%               10%

TEE Saved (x 106 kWh) 1006 4710

Saturation .423 .461

Electricity Saved (x 106 kWh) 425.5 2171.3

Based on the amount of energy provided by a fuel cell TES as stated

above, 100.5 and 512.7 typical commercial buildings would be required to

implement them in 1985 and 1995, respectively (the fractional buildings               
i       imply buildings having that same fractional energy load of the typical building

ti .
assumed here).  Assuming a linear implementation schedule, this results in 20.1

 :, __. ..add 41.22 buildings per year for the two periods of interest. Results are
-

I  .. .'4.
summarized in Table 3.6-132balow:

--.

TABLE 3.6-13 
CAPITAL COST STREAM FOR IMPLEMENTING FUEL CELL TES

1 1981-1985 1986-1995

# Buildings Per Year 20.1 41.22

Cost Per Building (x 106 $) 0.206 0.158

Cost Per Year (x 106 $) 4.14 6.51

(Financed at a real interest rate of 5% for 10 years)

3-761  
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3.6.3.3 Operating Costs for Implementing Fuel Cellstin the Commercial sectof':J:·,
\

The operating costs for a fuel cell TES consist of fuel costs, and .-...

operating and maintenance (0&M) costs for the total system.  The annual input

fuel requirement is determined by dividing the annual output of electrical

energy (thermal output is the waste heat by-product of this electrical

energy) by the electrical conversion efficiency.

The annual output of electrical energy is the sum of the non heating

electrical demand of 2.151 x 106 kWhe and the supplemental heating demand

of .363 x 106 kWhe which equals 2.514 x 106 kWhe.  Dividing this total

electrical output by the 40% conversion efficiency yields an input fuel

requirement of 6.285 x 106 kWht or 21.44 x 10  Btu's.  This is provided by

natural gas.

The price of natural gas was based on FPC Opinion 770, which,includes

44 per year increase in price.  With a 1976 year-end price of $1.43 per MMBtu,
+ -I--         -   - I *  -               ------*-i--..I- -

the price at the beginning of 1980 would be $1.55 -per MMBtu.  Thus the

equation for the price utilized here is:

Price (t-1980) = 1.55 + .04 (t-1980).
-- . --    .     f . 1-

r--r -

The annual total fuel cost is thus 33.23 + .86 (t-1980) thousand                   -1.
dollars.                                                   -_.                       1

The 0&M costs are based on the value of 1.11 mills/kWhe (1976$) given
+    .,  .      e„.- -    ..- -31.-

, il--1 I.-17-Reference 9, p. 39, for a large-scale intermediate load type plant,
-- 1 /<  +   r      - i..--*- Ill-6Wu-

Based  on an outp t-of  2.514  x  10'  kWhe'  this -rE;sults  in  a  cost  of  $2790/year.'   )  :*

Adding this to the fuel cost results in a total operating cost of

36.02 + .86 (t-1980) thousand dollars per year per building.  Thiscopdrating

cost per building must be multiplied by the number of buildings in which

fuel cell TES have been implementad for each year of the period of interest.

3.6.3.4  Results of Economic Analysis

The fuel cell TES cost and savings stream in constant 1976 dollars

from 1976-1995 is shown i n Figure 3.6-3.   The cost savings stream was

determined by multiplying the annual energy savings by the price of electricity

1    in that year. The annual energy savings are directly related to the ·. ..

          '    number of buildings in. which the fuel cell TES has been implemented.  .

*-'
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Figure 3:613-

COST AND SAVINGS STREAM ASSOCIATED WITH IMPLEMENTATION
OF FUEL CELL TES IN THE COMMERCIAL SECTOR

1976-1995

(1976 Dollars x 10-8)

Year Costs Savings Net Costs

1976 0.000 0.000 0.000

1977 0.000 0.000             0.000

1978 0.000 0.000 0.000

1979 0.000 0.000 0.000

1980 0.000 0.000 0.000

1981 0.013 0.015 -0.002

1982 0.026 0.030 -0.005

1983 0.039 0.047 -0.008

1984 0.053 0.063 -0.010

1985 0.067 0.079 -0.012

1986 0.098 0.040 0.053

1987 0.120 0.079 0.041

1988 0.147 0.118 0.029

1989 0.176 0.158 0.018

1990 0.205 0.198 0.007

1991 0.229 0.238 -0.009

1992 0.254 0.278 -0.024

1993 0.280 0.318 -0.029

1994 0.306 0.359 -0.053

1995 0.334 0.400 -0.066

NET TOTAL = -7.9 x 106 (net savings)

-,
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The net savings  over the 20-year.period, is $7:9'million.'. Therefpre,r the
fuel cell TES,is a costreffective conservation measure even at the

<

rel·atively low electricity prices of the Alternative Scenario. · Hence,

1    .it
is likely that such a system would be.implemented,:and that the greater

the magnitude.of implementation, the.greater the magnitude of'cost savings

that would-accrue to the commercial sector: - - . .
-

. - -1

3.6.4  Results and Conclusions for the Commercial Sector Cost Analysis

The cost stream that results  from  the  full impl ementation  of  NRDC 45

conservation measures (both passive and active) in the commercial sector

is compared with the Power Plant cost stream in Table 3.6-141-beloW.

1 ABLE--3.6-14
COMPARISON OF ALTERNATIVE SCENARIO VS. POWERTRLA NYSSCENARIO :./

COST STREAMS FOR THE COMMERCIAL SECTOR 1976-1995 .4.. U...

(1976 Dollars x 10-9)

-                    ID..2  3.--4
Alternative Power_ Pl ant 2

Scenario Scenario
Years-tr Costs Costs

'1976 0.334 0.314
1977 0.341 0.334
1978 0.348 0.354
1979 0.366 0.393                   -
1980 0.383 0.441
1981 0.392 0.469
1982 0.411 0.507
1983 0.430 0.578
1984 0.438 0.602
1985 0.448 0.657
1986 0.478 0.717
1987 0.473 0.785
1988 0.477 0.842
1989 0.481 0.896
1990 0.485 0.974
1991 0.488 1.030
1992 0.492 1.091
1993 0.496 1.160
1994 0.499 1.223
1995 0.503 1.287

TOTAL = $8.76 x 109 TOTAL = $14.65 x 109

(1,                                                             3
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Thus, a substantial cost savings of 5.89 billion dollars in real dollars

(not present-valued) is realized in the Alternative Scenario for the
commercial sector.  This accounts for nearly half (49.5%) of the total

cost savings in the Alternative Scenario for the residential and commercial

I

sectors.  Similarly, the energy savings in 1995 for the commercial sector

of 20.8 billion kWhe is also approximately half of the total savings of

41.9 billion kWhe in 1995 for both sectors combined.  This results despite

the fact that the starting point for conservation in the commercial sector,

i.e., the energy consumption before conservation in the Alternative Scenario,

is considerably less than the starting point for conservation in the

i

residential sector, 39.3 and 71.8 billion kWhe' respectively.

Another measure of the cost-effectiveness of conservation in the

Alternative Scenario is the average cost of conservation expressed as cents

per kWhe saved.  This measure can be quantified by dividing the total incremental

capital and operating costs associated with the conservation technology

(not including electric energy costs) by the total savings over the 20-  1
year period.  The total capital and operating costs were 1.8 billion dollars,

while the total savings were approximately 190.4 billion kWhe' which

results in a price for conservation of approximately lt/kWhe saved.  This

20-year average cost is cheaper than the 1976 price of electricity of

1.624/kWhe (produced) from which both scenarios begin and, therefore,

conservation is generally cost-effective in both scenarios.  Indeed the

weighted average price of electricity delivered to the commercial sector

over the 20-year period in the Power Plant Scenario is 2.204/kWh I

(as compared with 2.190/kWh for residential sector), more than a factor of

two greater than the unit cost of conservation in this sector. The weighted
average price in the Alternative Scenario is 1.780/kWh which is still greater

than the unit cost of conservation.  It must be recognized, however, that the

incentive for the consumer to conserve at any point in time is

always greater in the Power Plant Scenario than in the Alternative Scenario,

and becomes progressively more so as the price of electricity rises.  In

summary, conservation is generally economical to implement both in gross
-- 1-

'   econ&miE terms and -on a per unit cost-bas-is- in the commercial -seator,
even at the relatively low electricity prices of the Alternative Scenario.
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3.7 SUMMARY RESULTS OF THE ECONOMIC ANALYSIS 

.-.

1--

.,.Thissecti on 'summarizes the results  of the economic analysis  of  the
"

residential and commercial sectors in the Power Plant and Alternative

1 Scenarios. Additionally,  the cost of -energy conservation and the cost

of increased electricity supply within the Alternative Scenario itself

are compared.  These comparisons must be viewed in the following context:

L_a· Thel accounting procedures for energy consumption,
energy savings and related costs of supply and conservation

1      ·         are truncaled in the year 1995,_consistent with the ..,

3                       1 -20-year period of interest in the-study. 7,,1-':
1 - -*Ii----* - r

f67-- T liEI costs     in the Alternative Scenario reflect    both    the    6
conservation cost as well as energy costs.  In the
Power Plant Scenario only the energy costs are shown with

capital cost effects (relating to use of conventional
equipment) accounted for through considering only
incremental costs in the Alternative Scenario.

C.

gnfii€1 average price of electricity in the#Al.ternative
Scenario is derived on the assumption that 811 of the               4

NRDC recommendations are implemented, i.e., inclusive j r-
'..

of  those in manufacturing and agricul tural :dectors.
9'19<.Zlcostilin the Manufacturing and Agricultural bectors have              '

not been considered for reasons cited earlier.

[3  The  20-year-costs_in.-the residential and commerci al sectors  across-1 
scenarios are shown in Table 3.7rl.  The cost in the Power Plant Scenario for

the combined sectors is $41.2 billion compared to $29.3 billion in the

Alternative Scenario.  It is interesting to note that the energy cost in the
-

latter is only about half that in the former.  This is the net effect

of the inherently lower energy demand in the Alternative Scenario and the
1 1

lower average blended price of electricity as a consequence of the much

smaller inventory of new thermal generation in the scenario.

The average unit cost of conservation in the residential sector of

the Alternative Scenario is 2.644/kWh, which is much higher than the cost ..

l
i of 0.924/kWh in the commercial sector.  This is a result of two factors:

-                                              -
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TABLE 3.7-1

COMPARISON OF TOTAL TWENTY-YEAR COSTS (1976$)
BETWEEN THE POWER PLANT AND ALTERNATIVE SCENARIOS

 
POWER PLANT SCENARIO ALTERNATIVE SCENARIO

Average Averege Unit Average          '
Energy Total Electricity Energy Ccnservaticn Cost of Energy Energy Electricity Totel

Sector Consumption Cost Price Conserved Costl Conservation Consumption Cost Price Cos:2

(109 k,Wh) 0095) (t/k:'h) (109 kk) (lof) (c/ke) (109 kWh) (109S) (c/kWh) (1O9S)

       Residential 1207 26.5 2.19              254 5.7 2.64 773 13.8 1.78 20.5

Cormercial 666 14.7 2.20 190 1.8 0.92 393 7.0 1.78 8.8

Combined
, 1873 41.2 2.20 444 8.5 1.90 1166 20.8 1.78 29.3Sectors

(29%) (71%) (looz)

lincrer.ental  Capital,  OE·M  and Replacement .Costs for Cnnsprvation  Enuipment.

2Conservation Cost plus Energy Cost.

-                                                                                   1

41- Theihigh marginal cost (t/kWh) of conservation with the'- active measures which, because of being implemented over and    ;
above the passive measures, resultin littleadditjo-nal
energy savings.  All of the four active measures in the
residential sector were found to be cost ineffective as is
shown in Table 3.7=2.  In the commercial sector, only
two active measures were considered in the Alternative               i

  Scenario   and of these, one (i.e., total energy   sys tems)
was found to be cost effective.

b.    The high turnover  rate of all appl iances  over the 20.year  i
period resulting in high capital expenditure for the consumers,
but with relatively small energy savings overall because of
the significant increase in energy consumption in the
"Miscellaneous" appliance category. The commercial sector has     f
no appliance category.'  ·                                          1

1---- ---

The high average unit conservation cost in the residential sector of

the Alternative Scenario (2.944/kWh) relative to the cost of electricity

supply in the Power Plant Scenario (2.194/kWh) must not be interpreted to

mean that implementation of conservation is not cost effective in this sector.

Cost effectiveness must be determined on the basis of cost equivalence

relative to comparable amounts of energy savings and supply.  As is clearly

evident from Table 3.7-1 and from earlier discussions, the two scenarios are

widely different with regard to their energy projections and therefore

not amenable to this type of comparison.

.
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TABLE 3.7.2

1

NET BENEFITS1 OF ACTIVE CONSERVATION MEASURES  ;
IN ALTERNATIVE SCENARIO (1976-1995)

(106 1976$)

Sector

Active Measure Residential Commercial

Heat Pump -31.8 N.A.

Solar Space Heating -183.7 -576.6

Solar Water Heating -577.7 N.A.

Total Energy System (Fuel Cell) -98.0 +7.9

-/

A negative net benefit is a net cost (cost minus benefit).
1

A comparison of this nature can, however, be made within the Alternative

Scenario by sector, by comparing the incremental cost of conservation  '

and the cost of electricity supply equivalent to the amount of energy

conserved. While energy consumption-costs aret.not included  in  this
comparison, it is nevertheless informative to contrast the capital expenditures

involved in the before and after conservation cases.

The comparison of costs by sector within the Alternative Scenario is
' shown in Table 3.7-3.  From a capital cost viewpoint, the expenditure  :

for conservation in the residential sector is about 22% higher than the

corresponding cost for supplying electricity if the conservation measures

were not implemented.  This difference is reduced to 13% when the high

cost active conservation measures are excluded, since their contribution to

electricity savings is quite small.  The reason for the cost of conservation

being higher even after excluding the active measures results from the

appliance category impact discussed previously.

In the commercial sector, the cost of conservation is significantly

lower than the cost of equivalent supply, even though the savings in this

sector are comparable to that in the residential sector.  Consequently, the

total cost of conservation in the combined sectors is 1 1% lower than the

cost of providing electricity equivalent to the total amount of energy

conserved.
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TABLE 3.·7,.3

HYPOTHETICAL COMPARISON OF THE INCREMENTAL COSTS OF CONSERVATION
AND THE COST OF EQUIVALENT ELECTRICITY SUPPLY IN THE RESIDENTIAL

...'
AND COMMERCIAL SECTORS OF ALTERNATIVE SCENARIO, 1976-1995

(in 1976 Dollars)
I,

Cost of Electricity Supply                    P
Equivalent to Energy Conserved

Estimated

Sector Incremental Cost of Conservation                    1              2           3
Fuel Total

(109$) Capacity Required Plant Cost T&D Costs & 0&M Costs

i'01$)    f(MW) (109$) (109$) (109$)

Residential With Active Measures : 6.68 3961 2.82 0.20 2.46 5.48

: (Without Active Measures: 5.42) (3475) (2.48) (0.17) (2.16) (4.81 )

 

Commercial With Active Measures : 1.76 3171 2.26 0.16 2.00 4.42

li

1- '
; 1./0- -· -Calculated on the basis of 1995 electrical energy savings and assumed load factor of 0.75.       ,             ;,

2$713/kW average through 1995.                                                                                /
3Assumed 7% of plant cost.                                                                         <

4

If a marginal pricing scheme were implemented for electricity generated

by new thermal plants, benefit/cost ratios of the Alternative Scenario active

measures would be improved if implemented by individuals paying marginal

electricity costs.  In this study, blended electricity pricing was assumed

throughout in accordance with current practice.  In any event, in the              1

context of the Alternative Scenario, there would be few opportunities for       1.

marginal pricing, since few new power plants are required (even without

implementation of the active measures) .__                                              _ .
-- --- ---- ,-.

.\
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4.0  INSTITUTIONAL IMPACT

4.1  INTRODUCTION

This section presents an evaluation of the institutional barriers which might

inhibit or slow implementation of the initiatives postulated in the Alternative

Scenario.  The emphasis is directed to the Alternative Scenario in accordance wjth .

the objectives of the study defined in Section 1.3. Significant institutional   A
problems are also associated with implementation of the Power Plant Scenario,

particularly the well-publicized delays currently being experiencud by utilities

in attempting to obtain licenses to construct and'operate new thermal plants.
-                                            -

Particular attention is given to the impact of the Alternative Scenario

recommendation that would lead to phasedown of the regional aluminum industry.

As stated in Reference 3, the recommendation is that BPA renew power supply

contracts to aluminum plants only for those plants that are less than 35 years

old when their current contracts expire.  By this criterion, eight of the

ten primary aluminum plants in the PNW would no longer be supplied power by

1995, and it is assumed that this block of power would be available to the

rest of the regional consumers.  Although it is noted in Reference 3 that

the Alternative Scenario projects a power surplus by 1995 of 4,092 megawatts

which would be sufficient to continue power service to all aluminum plants,

it is recommended that this surplus be used instead as a contingency.  Conse-

quently, the analysis presented here considers the impact of the implementation

i of  the al uminum phasedown recommendation.1:

In the manufacturing sector, the Alternative Scenario modifies the

employment mix between industries primarily to offset »the direct loss in
employment in the primary aluminum subsector.  The basic BPA employment

I
mix projections, as well as the Alternative Scenario modificatidns, are examined

by comparison to national average projections for the various subsectors.

The induced or ripple effects of these changes in employment mix, especially
' in service areas outside the manufacturing sector, are analyzed.  Disruptive

direct impacts on local communities are considered, in addition to the

indirect effects on the entire region.  A significant regional perturbation

to a major industry such as primary aluminum will also have national impacts,

and these are considered in the context of options available to the\industry
if the Alternative Scenario recommendation were implemented.

There exists the possibility, regardless whether Alternative Scenario . - T...
..

recommendations are implemented,  that  BPA may  not have access to suffi cient  r

generating capacity in the 1980's to meet the total power 
needs of its :

preference customers as well as the aluminum industry.
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The second major institutional problem analyzed concerns barriers that
. *': „

would affect implementation of conservation measures in the residential

and commercial sectors.

Finally, considerations of capital requirements in both the Power

Plant and Alternative Scenarios are evaluated.

4.2  ASSESSMENT OF REGIONAL IMPACT OF ALTERNATIVE SCENARIO

This section presents an analysis of the manufacturing sector employment

data as shown in Table 4.2-1 (Reference 3, p. 66).

4.2.1  Assessment of the Employment Projections

The thrust of this assessment is directed toward the Alternative Scenario

employment projections, with the BPA projections used as the point of reference.

However, it is relevant to consider the accuracy of the baseline (BPA) employ-

ment projections as well, particularly if energy demand projections were based on

total employment projections, thus using employment as a surrogate for demand.

Analyses of regional population trends, which are related to total employment

projections, are currently being conducted in other studies and were not included

in the scope of this study.

As a means to the end of maintaining the growth rate in manufacturing

employment projected by BPA while reducing the corresponding growth rate

in energy demand, the Alternative Scenario posits its own employment

projections across 16 manufacturing subsectors.  By and large, these   /

employment projections consist of BPA projections altered to favor employment

in less energy-intensive industries at the expense of employment in energy-

intensive industries.  In the end, the Alternative Scenario approximates the

total regional employment figures found in the BPA projections while reducing    '
the corresponding electricity demand drastically.  The proposed growth rates

will be examined in light of locational determinants in relevant subsectors,

existing regional manufacturing mix, and historical regional and national

growth trends.

4.2.1.1  Subsector 2, Textiles and Apparel

The Alternative Scenario posits employment growth in this subsector of

24% by 1985 and 21% by 1995 relative to BPA rates of 21% and 15%, respectively.

Nationally, the OBERS1 projections show an initial employment increase in

10ffice of Business Economics and Economic Research Service projections prepared
for the U.S. Water Resources Council by the U.S. Dept. of Commerce, Social and
Economic Statistics Administration, Bureau of Economic Analysis, Regional
Economics Division and the U.S. Dept. of Agriculture, Economic Research Service,
Natural Resources Economics Division.
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TABLE 4.2-1
1                                                                                                                                                                   1

MANUFACTURING SECTOR--EMPLOYMENT (THOUSANDS OF PERSONS)
--

-1                   -I-.--I-

1 -           -                                                  1975
1985 1995

<:3 RATIO RATIO RATIO        I
SUBSECTOR SCENARIO/ SCENARIO/ SCENARTO/ 1-

NUMBER SUBSECTOR NAME SCENARIO BPA BPA SCENARIO BPA BPA SCENARIO BPA OPAI   I

1 Food & Kindred Products 4 69.2 69.2 1.000 75.320 75.1 1.003 r. 80.560 79.7 1.011    p
SA                                                                                                   \    - -2        Textiles & Apparel    'Asil /3\.      13.6 13.5 1.Coo ,6.880 16.5 1.023 . 20.510      19.0      1.080     

/4j
3         Lumber & Wood Products -    -, 135.6 135.6 1.000 132.000 132.9 0.993 106.800 108.0 0.931    I

4.   .3
4        Paper & Allied Products*il 28.2 . 28.2 1.000 29.690 29.9 0.993 29.540 30.1 0.981

5       Printing & Publishing 51&- 22.7 22.7 1.000 30.070 29.4 1.023 38.860 36.0 1.030

6         Chemicals & Allied Products 10.9 10.9 1.000 13.310   13.4 0.993 15.110 IS.4 0.981
.-

7         Petroleum & Coal Produrts 3.0 3.0 1.GOO 3.853 4.C 0.963 4.063 · 4.6 0.863

8         Stone, Clay & Glass 11.2 11.2 1.000 13.7 CO 3 , 13.8 0.993 15.700 16.0 0.931.:J.. 4 V
. . ...-

9         Iron & Steel 8.5 8.5 1.000 10.030 10.1 ,0.993 10.700    1
10.9 0.9814 1-:-

c.,                 10   )
Non-Ferrous, Non-Aluminum                4.9 4.9 1.000 5.660' 5.7 0.993 6.183 6.3

C. 981  
-1

11{      Primary Aluminum _.  ., 14.4 . 14.4 1.000 14.350 17.0 0.844 3.304 18.3 O.181
121

  --  1 I I.

12 Fabricated Al uni inum' 3 20.4 20.4 1.000 27.820 27.2 1.023 35.190 32.6 '3 1.080

13         Machinery & Electrical Equipment 48.9 48.9 1.000 70.270 68.7 1.023 93.160 86.3 1.GBO

14         Aerospace Equipment  (33             52.6 52.6 1.000 63.490 63.3 1.003 72.780 72.0 1.011    1

15 Other Transportation Equipment 28.3 28.3 1.000 38.490 38.0 1.013 47.570 45,3 1.050   f
16         Other Manufacturing 23.9 23.9 1.000 33.500 33.4 1.003 43.790 42.5 1.030

1,

: ·  , TOTAL 496.3 490.3 1.000 578.400 578.4 1.000 623.800 623.8 1.000

1

These data were taken from the Alternative Scenario report, Reference 3.  BPA (Reference 101)
g. . has noted that certain of the employment figures attributed to BPA are in error.  1995 --

/1.i-
employment    in    subsector    11     is    overstated    by    3000    and    subsector    7    by    400   which   *re_offs et-bg -11 -

.t ...
understatements of 1100 in subsector 9 and 2100 in subsector 10. ..

2,  - Mainly primary smelting of aluminum, but includes some smelting of copper, lead, and zinc
and rolling, drawing, and extruding of aluminum (Reference 101).
 Actually fabricated metal products, mostly non-aluminum (Reference 101),

--3-                  -  - -    -  - 1 --  -      -



this subsector of only 2.09% by 1985 followed by a decrease of 2.22% by 1995.

Growth rates as high as projected by the Alternative Scenario for the Pacific

Northwest region in this subsector are unlikely for a number of reasons.

Traditional location theory identifies the primary factors in location of

textiles and apparel plants as low regional wage structure and proximity

to textile producers (Reference 24).  Lately, empirical analysis has shown

this trend to be somewhat offset by the negative consumer market implications

of low regional wage structures such as low per capita income.  In addition,

the positive impact of spatial isolation markets has also resulted in some

attraction of this industry to the West (Reference 25, p. 193).  However,

given the above considerations combined with the attraction of industry to

warm climates (Reference 25, p. 183), the bulk of domestic production in

this subsector occurs in the Southeast (45%), where average hourly wages
'

($3.40) are considerably lower than those  for all manufacturing                   F

combined ($5.15, Reference 24, p. 268).  Given low skill levels required of

workers in this subsector, the tendency of the labor force to be female

(81%) providing a second income source in houseMolds, and the relatively low

capital requirements for plant construction, the industry appears to be
' rather flexible in selection of a location,  Notwithstanding these factors, it      1

is doubtful that a significant share of production in this sector will be

drawn to the Pacific Northwest as assumed by both the Alternative Scenario

and BPA.

4.2.1.2  Subsector 3, Lumber and Wood Products

Interest in this subsector stems not so much from the disparity in employ.

ment projections as from the general tendency of the projections to run

counter to regional and national trends.  The trend toward technological

displacement due to higher productivity/employee can be seen in the OBERS

projections which postulates employment by 1.78% to 1985 and decrease by

2.44% to 1995.  In contrast, the Alternative Scenario and BPA project

decreases by 1995 of 21. 5% and 20%, respectively.  Government economists

project an upswing in demand for lumber and wood products as the residential

construction market recovers and industrial demand expands (Reference 24, p. 36).

Given the fact that this sector accounts for 30 ,3% of the regional labor force
as opposed to 3. 2% nationally (Reference 26, pp. 5-44), along with the optimistic
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outlook for demand, the regional rates of decrease in employment in this

subsector put forward in both projections seem overstated.

4.2.1.3  Subsector 5, Printing and Publishing

BPA employment expansions for 1975-85 and 1985-95 are 29.52% and 22.45%,

respectively.  The Alternative Scenario figures are considerably higher at

32.47% and 29.23%, respectively.  OBERS national projections indicate increases

in the magnitude of 15.20% and 9.50%.  Given the increasing importance of the

region  as a government center during  the  1960  s (government employment  in  the

region increased 2.0% compared to 1.7% nationally during the period 1966-72)
--

and given regional growth in finance, insurance, and real estate (4.3%
regionally to 2.4% nationally for 1966-72), one might project a demand for

printing_and   publishing-  that  would_-lead-to-growth rates above the natjonal

average.  The printing and publishing industry is heavily market-oriented

and the Pacific Northwest offers the additional advantage of proximity to

paper producers.  However, the degree to which this industry will grow relative

to national growth is subject to question.  The fact that regionally it accounts

for only 4.3% of all manufacturing employment compared with 5. 7% nationally

(Reference 24, pp. 5-44) would tend to weaken the argument for inordinate

growth Onless the region can expect to capture a share of the national market.

Given the spatial isolation of the Pacific Northwest, this is not expected.

4.2.1.4  Subsector 7, Petroleum and Coal Products

Though the Alternative Scenario understates the BPA estimates for employ-
0-7.:2"

ment growth here (28.43% to 33.33% for 1975-85 and 5.45% to 15% for 1985-1995),
it is the degree to which these figures overstate the national OBERS figures
(1.51% for 1975-85 and -3.35% for 1985-1995) that draws attention to,this

subsector.  Of the region's manufacturing employment in 1972, only 0.5% was

in petroleum refining as opposed to 1.0% (Reference 24, pp. 5-44) nationally.

Much petroleum refining tends to occur at ports receiving imported crude

oil or in locations proximal to domestic crude sources.  The completion of the
oil  pipeline in Alaska and.bo'ssible shipment of.-the crude -t6 the-Pac-ific
Northwest ports for refining could explain the inordinately-high

growth rates projected in the region.  Again, the degree to which regional
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employment growth will supersede national growth   is   open  to conj ecture.
A spinoff from petroleum refining activity in the region might be a petro-
chemical complex with by-products.that might include synthetic textiles,1
resulting in projected increases in that subsector.  However, Reference 3

makes no direct mention of the possibility and hence it is assumed the

projections for the two sectors are unrelated (in direct terms).

4.2.1.5  Subsector 9, Iron and Steel

; Again, the two estimates are similar (.both around +1·8% for .1·975e85.and

+77% for 1985-1995) while being quite dissimilar to OBERS projections

(-8.24% for 1975-85 and -8.61% for 1985-95 for all primary metals).  As

the relative costs and ratios of inputs to iron and steel production have

changed, the locational dynami cs have changed also. Earliest sites  were  in

areas replete with coal and not distant from ports handling iron ore.  The

trend now is toward market locations, the primary market for such goods

being the Northeast and Midwest.  The Pacific Northwest has definite

disadvantages in terms of transport costs of raw materials due to its location

(though western coal sites and iron ore from mountain states might provide

useful inputs).  As the steel industry seeks to expand, one might posit

that its growth might be tied to an expanding regional market for iron

and steel products and an attempt to produce more iron and steel locally

for the regional market.  Even in this case, the noted growth rates for employp
ment in the iron and steel industry seem unduly high.

4.2.1.6  Subsector 11, Primary Aluminum

A major employment loss is projected by the Alternative Scenario

(76.98%,  1985-1995)  in this subsector as a direct resul t of the recommendation

that long-term electric power contracts not be renewed with the majority of
the region's primary aluminum producers.  Implications of this recommendation

are discussed later.

1

Such an industrial complex was developed in Puerto Rico utilizing crude
oil from Venezuelan fields.  A detailed account may be found in Reference 27,
pp. 434-474.
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4.2.1.7  Subsector 12, Fabricated Metal Products

The .rel*ti Ve Alternative Scenario/BPA rates for 1975-85 and 1985-95

are as follows:  36.3/33.33% and 26.49/19.85%.  The OBERS projections are

9.23% and 5.37%, respectively.  The overstatement of BPA figures by the

Alternative Scenario is surprising in light of the suggestion that regional

primary aluminum production be cut from 1,755 short tons/year to 568 short

tons/year.  At current levels, the lower production figure is more than

adequate to meet regional demand.  However, it is doubtful how the fabricated

aluminum sector would respond to the loss in regional primary output.  In

order for the paradoxical primary/fabricated changes to occur, the 77%

reduction in pri·mary output would have to be allocated totally to markets
outside the region with the remaining 23% used for expanded regional markets.

Given existing long-term contracts between primary aluminum producers and

fabricated aluminum producers, this might not be feasible.  Also, given the

rise in the price of primary aluminum· products tbatmight occur due to the
shutdown of 77% of Pacific Northwest capacity, the rapid expansion of the

regional fabricated aluminum market is unlikely.  Alternatively, the increase
would have to be achieved by the non-aluminum components of this subsector.

It is doubtful that such would occur without many incentives to metal fabricators

to relocate in the region.  This projection is questionable.

4.2.1.8  Subsector 13, Machinery and Electrical Equipment

The Alternative Scenario/BPA figures for 1975-85 and 1985-95 are

43.7/40.49% and 32.57/25.62%, respectively, compared to 5.98% and 10.26% for

OBERS.  Machinery manufacturing employment accounts for 8. 3% of all manufacturing

employment regionally as opposed to 19. 5% nationally.  The greatest concen-

tration of machinery and electrical equipment manufacturing is currently in the

East North Central region, though the electronics industry has

had substantial growth in the Pacific Northwest, primarily near Seattle.

Such manufacturers are amenable to economies of agglomeration and proximity

to markets, thus favoring the East North Central region.  Regional employment

growth at roughly three times the rate of national employment growth in

the subsector would come only at the luring of both established and new

machinery and electrical equipment manufacturers to the region.  It is unclear

to what extent the region is a net importer of goods from this sector, and
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it is equally unclear whether one can expect regional manufacturing

t.628xpand to meet all regional demands despite the relative historical  W
weakness of this subsector in the Pacific Northwest. In the absence of a

greatly increased regional demand for goods produced in this subsector,

great abundance of inputs to this subsector regionally, or changes in

transportation markets making remote production of the subsectors' goods

economically infeasible, it is doubtful that this subsector will grow in
the Pacific Northwest at three times the national rate.

4.2.2  Intersectoral Analysis

The empl oyment  data in Table 4,2.1 represent  only a partial analysis  of
the employment consequences of the scenario differentials.  Further ramifi-

cations are described in this section.  Again, the BPA employment estimates

are assumed to be the baseline, and the consequences of the Alternative

Scenario revisions are examined.

The Reference 3 assertion "that regional employment will be the same as
projected by BPA" (Reference 3, p. 169) is misleading.  The data indicate
only the direct empl oyment effects  of the Alternative Scenario. Consideration      i

of the secondary effects occasioned by the scenario differential adds another

dimension to the differential.  The methodology used here for demonstrating

the ramifications of revising BPA's employment projections should be taken

as a heuristic exercise rather than a definitive forecast as it was necessary

to make certain simplifying assumptions for the purpose of exposition.

The analysis is based on the data in Table 4.2-2 which refer to the same

manufacturing subsectors as those listed ih Table 4.2-1.  The data in

Table 4.2-2, however, expand on the information presented in Table 4,2.1 by
indicating the total employment effects resulting from the two separate

scenarios.  The data in Table 4.2-2 indicate the employment adjustments required

in the manufacuring and non-manufacturing sectors that are implied by the

manufacturing sector scenarios presented in Table 4,2-1.  Alternatively

stated, the data listed in Table 4.2-1 represent.only.a -partial exposition of
the scenarios, whereas Table 4.2-2 is more complete.
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TABLE 4,2-2
1

INTERINDUSTRY EMPLOYMENT ANALYSIS
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1 69.2 68050.8 4709.1153 80.56 5482.1724 773.0571 53.2 41126.6 79.7 5423.6487 714.5334 38013.2

2 13.6 22434.8 305.1133 20.510 460.1377 155.0244 65.1 10092.1 19.0 426.2612 121.1479 7886.7

3 135.6 42124.2 5712.0415 106.800 4498.8645 -1213.1770 65.0 -78856.5 108.8 4583.1129 -1128.9286 -73380.4

1
cO                                                                      4 28.2 59155.0 166.8171 29.540 1747.4387 79.2677 54.1 4288.4 30.1 1780.5655 112.3945 6080.5

5 22.7 22773.6 516.9607 38.860 884.9821 368.0214 78.7 28963.3 36. O 819.8496 302.8889  ' 23837.4
(r.

,6 . 10.9 48035.1 2; 523.5826 15.110 725.8104 202.2278 55.2 11163.0 15.4 739.7405 216.1579 11931.9

..' 7 3.0 28000.0 84.0000 4.063 113.7640 29.7640 14.0 416.7 4.6 128.8000 44.8000 627.2
.:.

8 46 11.2 40403.8 452.5226 15.700 634.3396 181.8170 66.0
-

11999.9 16.0 646.4608 193.9382 12799.9

4,

  9 1, 8.5 34580.6 293.9351 10.700 370.0124 76.0773 64.2 4884.2 10.9 ' 376.9285 82.9934 5328.2C
5

10 4.9 27353.0 134.0297 6.183 169.1236 35.0939 67.5 2368.8 6.3 172.3239 38.2942 2584.9

11 14.4 104902.4 1510.5945 3.304 346.5975 -1163.9970 30.8 -35851.1 18.3 1919.7139 409.1194 12000.9

12 20.4 39880.0 813.5520 35.190 1403.3772 589.8252 53.3 31437.7 32.6 1300.0880 486.5360 25932.4

13 49.9 30608.7 1496.7654 93.160 2851.5064 1354.7406 63.0 85348.7. 86.3 2641.5308 1144.7654 72120.2

81 14 52.6 44971.0 2365.4746 72.780 3272.9893 907.5147 43.7 39658.4 72.0 3237.9120 872.4374 38125.5

15 28.3 32814.6 928.6532 47.570 1560.9905 632.3373 52.7 33324.2 45.3 1486.5013 557.8481 29398.6

16 23.9 43517.8 1040.0754 43.790 1905.6444 865.5690 62.6 54184.6 42.5 1849.5065 809.4311 50670.4

244549.0 264557.5

Tolal 127520.0 127520.0

117029.0 137037.5

 WIEG =..'.---4
TReferences 28, 3. f



The data in Table 4.2-2 were generated by the data in Table 4.2-1 using

the relationships implied in the 1972 Washington Input-Output Model (WIOM),

Reference 28.  The relevant relationships extracted from the WIOM were those

relating to subsector productivity and employment multipliers.  These

relationships were applied to the scenarios' employment data in order to

examine the non-manufacturing employment adjustments required by the separate

scenarios.  Before proceeding with the methodology and results, it is necessary

to indicate some background information on the workings of input-output

studies and the multipliers derived therefrom.

Generally, input-output models demonstrate the interrelationships among

sectors in an economy.  Input-output analysis indicates that changes in one

sector produce effects that "ripple" throughout an economy and result  i n

an expansion or decline that is some multiple of the original change.  The

total effect of an initial change has been decomposed into direct, indirect,

and induced effects.  These several stages of income effects of an initial

income decrease have been defined by Moore and Petersen (Reference 29) as

follows:

 

The direct income effects are measured by the decline in

payments such as wages and salaries made in the (changed)
industry; the indirect effects are the decline in income in
all other industries which supply the original industry; and
the induced effects are those which follow when, as a result
of declines in their income, consumers 'slide down' their
consumption functions and spend less on goods and services.

Such income changes also have multiple employment ramifications which are

relevant to an evaluation of the differential in the two scenarios and are          

the changes brought out by the data in Table 4.2.2,

In order to proceed with the analysis, the following assumptions were

made:

e  The manufacturing subsector productivity relationships
implied in the WIOM are applicable to the region and are
constant over the period 1975 to 1995.

•  The manufacturing subsector employment multipliers are
the same for the region as for Washington State and are
constant over the 1975 and 1995 period.
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e  The employment changes in the scenario are produced by changes
in final demand.

•  All other assumptions relevant to input.output analysis.
(Reference 30, pp. 309-363).

Given these assumptions, the analysis involved testing the total employment

change differential implied between the scenarios in Table 4.2-1 by examining

the total employment effect of the scenarios on the regional economy.

The total employment effects of the scenarios were derived through

several stages.  First, the 1975 manufacturing subsector employment data in

Table 4.2-1 are multiplied by the output per man-year data derived from the

WIOM.  This yields dollar values output by subsector in 1975.  A similar

procedure is then used to obtain subsector output data for 1995 which

is different for the Alterna*lve Scenario and the Power Plant Scenario. iNext,   1
the 1995 output  data  for each scenario is 1_ubtracted  from  the  1975  output        _

data which indicates the subsector output change over the period.  The

WIOM indicates that a given change in output (i.e., final demand) for any

subsector will provide employment changes in the subsector itself, as

well as in the subsectors that supply the original subsector and in the

subsectors that sell goods and services to the employees in the original

subsector.

The WIOM relates output changes to total employment changes through

the multiplier concept discussed above.  Multiplying the output changes by

the WIOM employment multipliers yields the total employment change

occasioned by the scenarios in each subsector.  Adding the data for each

subsector change for the total employment indicates the overall employment

change over the period for each scenario.

At this point, it is necessary to separate the induced employment

change from the total employment change.  The induced employment effects

are of interest here because these effects can reasonably be expected to

occur outside the manufacturing sector.  It will be recalled that the

induced employment changes result mainly from employee spending in the non.

manufacturing sector--the sector not included in the scenario data.

4-11



1

-                                                                                                                                                                                 1

The data in Table 4.2-1 indicate that after all employment effects

have been considered in the manufacturing sector, 127,500 jobs will                 '

have been gained under each scenario.  When expanding the perspective-on

employment change to account for change in the non-manufacturing sector,

the   data and methodology embodied in Table 4,2r2 indicate   that   the   emp_loyment  _-  2
gain made under the Alternative Scenario is less than that made under the Power

Plant Scenario.  More specifically, the Alternative Scenario precipitates a

gain in employment in the non-manufacturing sector that is less than that

in the Power Plant Scenario by 20,000 jobs.

Another aspect of the Alternative Scenario modification of BPA's

employment projections needs to be considered.  The Reference 3 statement

that "the projected total empl oyment  for the manufacturing sector  was  dis-
tributed over the manufacturing subsectors in proportions different than

the BPA forecast and in a way that would reduce energy requirements" implies

restructuring the fabric of the economy.  Presently, employment growth is a

function of demand which, in turn, is a function of income, consumer prefer-

ences, etc.  Indicating the ability to arbitrarily distribute employment

implies an ability to manipulate incomes, consumer tastes, etc.  This latter

ability  would require an authority which, up to the present time, is

either administratively unobtainable and/or politically unacceptable.

4.3  REGIONAL AND LOCALIZED EFFECTS OF ALUMINUM DECLINE SCENARIO

4.3.1  Introduction

The Alternative Scenario notes that only 0.5% of the total regional

labor force will be directly affected by the phasedown of most of the

region's primary aluminum production.  This aggregate figure, however, lacks
sensitivity to the impacts of such an action on the actual communities in

which the plants are located.  The degree of impact that a plant has on its

community is largely a function of the size and economic mix of the community.

Changes in the interindustry ecology of the community, the local employment

and earnings situation, and the financial resources of the local governments

  can be expected to occur relative to the community's size and economic diversity.

4-12
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Using available data, these changes can be viewed through employment impacts

and impacts on tax structure, both of which are reviewed herein.  Additionally,

one might examine interindustry linkages and spending data for local communities

based on changes in the aluminum industry.  However, the availability and

reliability of such data limits this study to employment and tax impacts.

The A. D. Little report to the Western Aluminum Producers, A Regional Analysis:

Economic and Fiscal Impacts of the Aluminum Industry in the Pacific Northwest          i

(Refenence 31), provides a study of county-level impacts of the aluminum

industry.  This source was used extensively in the assessment conducted for

this portion of the study.

4.3.2  Employment Impacts
(.le j  .

The Alternative Scenario looked only at the regional direct employment

impact of the aluminum industry phasedown.  Here it is desirable to examine          i
employment impacts at the local level as well.  This is done by examining              i

the direct, indirect, and induced employment related to the primary aluminum

industry presently as a part of the total county labor force.  Due to the

possibility of compounding errors in estimation, this seems more reasonable

than comparing projected layoffs to projected labor force levels at some

future time.  The methodology for derivation of the statistics found in                '

Table 4.3-1 is discussed below, after which conclusions and suggestions for

further analysis will be detailed.

4.3.2.1  Methodology

Direct empl oyment figures  on a local level   for the primary  alumi- ium

industry are unobtainable via the Census of Manufacturers due to disclosure

 
regulations.  However, the A, D. Little study did obtain direct employment

figures from the aluminum companies, supplemented by data from state employe

ment agencies (Reference 31, p. 46).  These 1973 statistics were used to

detail direct employment.  Two estimates of direct, indirect, and induced

employment are shown.  The first is also from the A. D. Little study

(Reference 31, p. 46), and was derived by using a multiplier of 3.6 for

total employment per aluminum employee.
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TABLE 4.3-1

LOCAL LABOR FORCE ATTRIBUTABLE TO ALUMINUM PRObucTION, '
INCLUDING DIRECT, INDIRECT, AND INDUCED EMPLOYMENT

AD Little WlOM as
Manufac- Total Direct, as percent Direct, percent of

Aluminum turing County Indirect, of County Indirect, County
Employ- Employ- Employ. & Induced Labor & Induced Labor

Company Plant County ment ment ment (AD Little) Force (WIOM) Force

Alcoa Vancouver Clark, Washington 1,450 12,543 33,417 5,220      16 3,015 9.02

I-- Wenatchee Chelan, Washington 1,000 2,626 13,653 3,600     26 4.797 35.13

11  i
-- Reynolds Ongview Cowlitz, Washington 1,200 11,860 23,182 4,320      19 5,756 24.83

Troutdale Multnomah, Oregon 750 52,565 267,015 2,700       1
r

3,564   C 1.33
L__„i

Kaiaer Mead Spokane, Washington 3,500 13,944 84,106 12,600      15 6,031 7.'17

Tacoma Pierce, Washington 400 20,653 92,889 1,440 2 2,220 2.39

Martin Marietta Goldendale Klickitat, Washington 600 1,566 2,826 2, i 60     76 3,289 ,·116.40*

The Dalles Wasco, Oregon 500 1,225 5,305 1,800     34 2,604 49.09

Intalco Ferndale Whatcom. Washington 1,100 6,291 22,763 3,960      17      - 7,155 31.43•

1 Anaconda Columbia FaLla Flathead, Montana 850 3,472 11,681 3,060     26 4,934 42. 24

'     <
Alumax** Umatilla Umatilla, Oregon (785) -- (9,988)      --         -- (5,126) (51.32•)

-

.-  ,

 
*These plants, being  less  than 35 years old ati'BPA contract  expi rati on.date,  will  not  be  shut down under  the< Alternative Scenario.

.-
i **The  Alumax  plant  data   is   not  currently  on-line.     Direct  employment  estimates  are   the  author's,   based  on  output/employee
I ratio of 0.23 short tons/year, derived from 1972 employment data from Ernst and Ernst, Energy. Economy Relationships,
    facility has not been determined.

for BPA, June 1976, p. V-24, and output data (Sgm Rothschild and Compppy, June 30, 1976. The operating date of the

3



r-- -- -                                                                                                                        

The second figure was derived based on the Washington ·State Input-
--

Output Model (Reference_2-8.) whlch estin*teda.totall_(d-irect, indirec-t,land
induced) employment multiplier of 30.8 employees per one million dollars

of aluminum final demand.  Assuming the Washiggton State multiplier to apply   h

to locations in Oregon and Montana as well, and assuming the multiplier to     »

work equally well for incremental losses in output, the ton per year output

of each plant (Reference 32) is multiplied by the 1976 producer price of

44:74/pound or $890/ton (Reference 33) to get dollar output annually.  This

figure is then multiplied by Washington State's multiplier of 30.8 to get

total employment impact.  The use of a regional multiplier in a local cdn-

text may result  in  an ul timate overstatement of local effects  as. „

the indirect and induced unemployment need not occur in the immediate county.

However, this methodology does yield results acceptable for this study.

4.3.2.2  Results

The statistics in Table 4.3-1 summarize the employment impacts of the

aluminum industry locally in the region.  Again, as seen most explicitly

in the case of Martin Marietta's Goldendale plant, the output-based multi-

plier .generally 9verstates the direct,_indirect, and. induced empl oyment -impacts
in certain areas due to its regional nature and lack of geographical sensi-

tivity.  A possible explanation lies in the fact that plants in underdeveloped

small towns rely on interindustry linkages and service inputs from larger

regional centers.  Thus, for example, the output-based total-employment impact

exceeds the employment-based total employment impact in Wasco County,

Oregon, while it provides a low relative estimate in Clark County, Washington,

as part of the Portland SMSA.  This is in keeping with the notion of metro-

politan areas being net exporters of services to outlying regions.

4.3.2.3  Conclusions and Further Inquiry

The results show that the magnitude of employment impacts can be expected

to_vary frog very _sl_igh-t:.in-the_ca-se of pla-nt.closings in_Illgtropolitan regions
(Multnomah County, Oregon; Pierce County, Washington) to very great in smaller,

less complexly developed regions (Chelan Courity, Washington; Wasco County,

Oregon).  Any decisions to phase out aluminum production facilities must take

into account the net employment effects beyond initial plant employment.
-.
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I loss via a regression model of income determination based on employment declines

While only impacting 0.5% of the region's total labor force, such a move

as the Alternative Scenario has suggested could effectively ruin the economic
1-.'-

bases of plant - ocations other than- those  in the regionfi SMSAs,   Despite

recommendations to the contrary, the effective mitigation of the effects of

a relatively sudden unemployment rate increase is debatable.

Given adequate local-based data on employment mix and earnings, one

might logically extend the employment impact study into the area of total

earnings lost to the local economy by the loss of employment (and hence income)

to households due to plant shutdowns.  The issue is addressed in the

A. D. Little study (Reference 31, pp. 47-49).  There, the significant point

is made that average earnings in the primary metals industries, and particularly

the primary aluminum industry, are- considerably higher -thaft- th-e a-v«age for 'all   -
employment iectors  combin d.   Thus, an estimated 2% of the county's employment

in aluminum accounts for 2. 9% of its payroll (Reference 31, p. 49).

Louis Jacobson (Reference 34) details methodologies for estimating earnings

in the domestic steel industry.  Such a methodology might be applicable to

the aluminum industry and might present a viable avenue for future inquiry

(Reference 31, p. 51).

4.3.3  Tax Base Impacts

As in Table 4.3-1, tax revenues attributable to the aluminum.industry

exist in the form of state and Federal personal income tax (except Washington

which has-no-peFs-OYiaT-incomp tax), torporate income tax (in Montana and

Oregon), business and occupation tax (in Washjngton) .and .local property
taxes.  Additionally, Washington has a 5% sales tax, which would reflect

aluminum industry earnings via disposable income.  Due to data availability
and low reliability of indirect estimation techniques, the only straightforward

empirical analysis comes via the local property taxes, levied on the county

level.  It must be conceded that an analysis of local tax base impacts noting

only direct local taxes (extluding intergovernmental transfers) is fractional

at best.  Yet even the consideration of direct local property tax loss through

plant closings allows one a clearer local picture of the Alternative Scenario

4:16
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impacts than is afforded in that study.  The tax impacts discussed here are
i. 12.,.....solely those that would result from a phasedown of ttie aluminum industry  .  ·, .v

-- I. -.

--  -I -  nd- consequently . 3'llt- refl ect partial. offsets.if the gains.in other
subsectors   -.    

postulated by thelAlternative Scenario were realized.            ·                  -i
4

----m - -2

4.3.3.1,  Methodology

Telephone interviews of county officials and aluminum companies were

used to compile the data in Tables 4.3-2 and 4.3-3.  The respondents were asked

to give the assessed valuation of the local aluminum plant (both in terms of

real and personal property),-the appropriate levy rates, and total county
tax revenues. State sales tax revenues in Washington state were estimated by

.-I *I--.-I-.-*I-------Il-.

TABLE 4.3-2

  LOCAL PROPERTY TAX REVENUES FROM ALUMINUM INDUSTRY PLANTS  
.-

Plant as
Assessed Plant Tax .Total County Percent

1
Company Plant County Valle Millage Revenues Tax Revenues of Cot:ntv

Alcoa Vancouver, WA Clark, Washington 59,900.000 19.21 1.150.679 42,617,740     2.7
(35 million
platils/25 million
persons)

Wenatchee, WA Chelan, Washington 49,006,000 -- 693,403 11,478.286 6.04

  Reynolds Longview, WA Cowlitz, Washington 29,135,310 15.74 785,154 25,009,756 3.14

(also 20.737,900 (458,677)
cable)

Troutdale, Oregon Mulbioniah, Oregon         --                   -- 550,980 227.043,981 0.24

Kaiser Mead, Washington Spokane. WA 13,268,000 20.00 265,360 61.000,000 0.43

i Tacoma, WA Pierce, Washington 25,000,000 24.69 617, soo 80,033,851 0.77

(20 million PP/
5 million RP)

Vartin Atarietta2  Goldendale, WA Klickitat, WA      ·  -- -- 1,154,475 3,193,303 36.15

The DaUes, Oregon Wasco. Oregon 18,719,560 23.3 438.923 7.360,000 5.96      ·

(also purnps 23.71 436,165 320,908.576

116,380) 2,758
/,         2

Intalco Ferndale, WA Whatcom, WA 183,500,000 11.11' 2,038.685 24,165,000 8.44

Anaconda Columbia Falls, MT Flathead, Montana            --                     -- 1,667,546 25,753,503 6.48

I-- 'L1                                                  -
Total of two plants/average.                                           ·
2These plants will remain on-line according to the Alternative Scenario.

\

/0                   ./11
59..              C

\     i
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TABLE 4.3-3

APPROXIMATE DIRECT LOSSES IN TAXES

LALTERNATIVE SCENARIO ($ 103E

State /Eaderal
Sales Income Incom@ Corporation

State Tax Tax Tax (103 $) Tax

Washington 2432.71 22052.02 4370.493

Oregon Unavailable 2980.0 Unavailable

Montana 351.84 2026.4 Unavailable

C„ X                                                                                                                                                                                                                  I

1-
Estimated by assuming $7.00/hour average wage for primary metals workers
applies to primary aluminum, giving estimated annual earnings per worker
at $14,000 (@ 2,000 hours/year).  Assumed family size of 3.  Used 1976
tax tables, Optional Sales Taxes.

2This assumed $14,000 average wages minus $750 x 3= $2,250 deductions
based on family size.  Taken from U.S. tax tables 1976.

30.00424 = tax rate for manufacturing primary aluminum - only primary

nonferrous metals - mostly composed of aluminum.

4Primary metals tax yield for Flathead County contains one primary metals
plant - Anaconda Aluminum.  Took total state primary metals withholding
to total state withholding.  Ratio applied to total Flathead County
withholding. From State of Montana, Department of Tax Research.

4-18
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assuming the statewide average earnings of an aluminum industry employee to

be in the $14,000-14,500 range (the average BLS primary metals wage in Washington

for  1976  is  $7.00  x 2,000 hours  per year). Family size was_estimated_at.-three.
F---

The··sales tax figure, derived from the
Instruction-and Form_1040,_1976

Optional State Sales Tax Tables,  was mul tiplied by the  A. D. Little figure
of 9,250 state primary aluminum employees to approximate direct sales tax

revenues.  Data collected reflect fiscal year 1976.

4.3.3.2  Results

Table 4.3-2 shows the relevant tax figures and allows one to view
the,., ·,iI ...

aluminum companies ' taxes  as a percentage of local  tax base revenues. The 4.4/:  .
.....

A. D. Little report presents similar data for FY 73 (Reference 31, p. 51). .f'*'i»
The percentage contribution of the aluminum industry to the local tax base  -

varies from a low of 0.243% in Multnomah County, Oregon (Portland SMSA),

to a high of 36.15% in Klickitat County-,_Washin ton._Again._the_percentage_of_ 
importance of the -plant to local   tax base varies inversely  with  the  size

and complexity of the community.  Aluminum-based state sales tax revenues

for Washington are approximately $2,432,700.

4.3.3.3  Conclusions and Further Inquiry

As stated above, th , direct impact of plant closings on local tax base
revenues varies from very little in large SMSAs to very severe in small,

- -  -.   -  -

i isolated regions.  If data and a requisite methodology were available, a multi-   ..,  
1 1                                                                                                             »14 1pl_jer to determi ne indirect and induced..losses   to  tax rol.ls due_to production loss,      i

-.-=...        -.-

.
 n-empl oyment, etc., would be valuable    in this analysis .--L-i Eewis-6, dh.

. 1 :4

the addition of data on state and Federal taxes emanating from the aluminum · ·
..ti.  .6' 4industry and returning  to the communi ty as intergovernmental transfers  would,*:          4-1 . .„   *

t.·e  f, ··  s        tr.
serve to complete the analysis.  Given such a data base, one might be in a

..../better position to estimate the ability of the community to finance services   k
such as schools, roads, etc., in light of the suggested shutdowns.  Such data

would also illuminate the situation of the cutback in public revenue in the

face of necessary public programs to mitigate the negative effects of plant

closings.  Given a more complete data base and methodology for such analysis,

one might be better able to investigate the complexities involved in the

public revenue impacts vis-a-vis provision of public services.

4-19 ,
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4.4  NATIONAL AND INTERNATIONAL LOCATION

4.4.1  Introduction

The Alternative Scenario document addresses the national impacts

of the aluminum industry phasedown by stating, "In the absence of an economic

subsidy in the Pacific Northwest, new plants constructed to provide the

country's requirements for aluminum probably would be located outside the

Pacific Northwest and nearer to the source of aluminum ore (or, hopefully,

recyclable aluminum) or the aluminum market, in order to reduce the costs

of transportation" (Reference 3, p. 80).

The above statement forwards rather strobg assumptions and omits

consideration of a number of important factors.  This section of the

  -report wiiiaddress-the neglected issues while examinin-9--£11EFval-Idity  -  --- 
of its assumptions.  The analysis will deal with each of four locational

alternatives open to the Pacific Northyeit primary aluminum producers if
.:,

current contracts  are not renewed: "
Briefly, the. alternatives are:

2.

•  The Pacific Northwest producers, unable to purchase power from          

--€- -7
--4                        *                                                                                                                                                                                        -

i

.l            BPA or power companies at any price, build their own power

generators, generating electricity at high marginal cost.
1

•  Unable to purchase power from any source at any price, primary
aluminum companies active in the region are forced to relocate

1,.--- their facilities at sites possibly within the United States or :--1. 

r1           abroad.  This alternative must look at the industry's locational
0- i dynamics, investigating regional variation in power costs and

availability, transport costs, substitution between raw material
sources, as well as the effects of these factors on the price . --

of domestically produced aluminum.  The balance of trade impacts
r- regarding-both -the--change-i-n-price--8-f-American  aluminum-dGE -to

domestic relocation and the change in import/export ratios due
to relocation outside the United States must_be_addressed.

•FTh   Prima_ry_al inum_prodUcers act-ivejn-the-PSEific Northwest   _     -_1
could close their plants, and make no attempt to shift production
elsewhere.  The lost domestic capacity would be made up by          -

'.

.
augmenting the currentaimport rate.

.Z--,

e  The Pacific Northwest aluminum producers are able to purchase
electric energy at a "blended" as opposed to "marginal" price
either from BPA or individual power companies.  The price change
in electricity costs has implications concerning the Pacific

 

Northwest's regional advantage in the industry.
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This section draws heavily on a study done by Ernst and Ernst

(Reference 35) for the BPA, as well as investment reports prepared by

L. F. Rothschild and Company (Reference 32) and the Oppenheimer Company

(Reference 36).  Additional data sources include the Bureau of Mines,

Mineral Facts and Problems (Reference 37, pp. 37-66).

4.4.1.1  Alternative One:  Construction of Power Plants by Aluminum Producers

Assuming by virtue of the recommendations of the Alternative Scenario,«

that BPA power becomes unavailable to the eight older Pacific Northwest

plants at any cost (which excludes Alter:native Four), this is the only
alternative which would allow the Pacific Northwest aluminum producers to

maintain production at present locations.  This option would require the

aluminum producers to enter the electrical energy generation arena, with

its attendant problems of financing expensive large-scale power plants,

satisfying environmental and other institutional requirements. for power  pl ant
siting and location of transmission lines, and operating within contraints

imposed by regulatory agencies.  Additionally, producers would need to
 

decide between construction of power plants at each facility as opposed to

construction of central station facilities to supply more than one plant.

Either choice would pose particular environmental, institutional, and legal

problems which would require resolution before plants could be built.

Notwithstanding these problems, this al ternative would  not be considered

by an aluminum producer unless it could be shown to be economically feasible.

Assuming an aluminum company financed the construction cost of a large-scale     .
:.<06.4

power plant, and recovered the capital expenditures through an internal

"change" for electricity used, it would charge itself the marginal cost        *
for new thermal generation (plus an acceptable rate-of.return for any

 
equity investment).  Assuming the marginal cost of electricity in the Pacific

Northwest to be on the order of 30 mills/kWh for new thermal generation

,(relative to the current average purchase price of 3.2 mills/kWh), and

assuming a power requirement of 8 kWh/pound, it is estimated that the price
of aluminum ingot from the PNW plants affected would increase by roughly

20 cents/pound.  Such an increased productioh cost, particularly in view of

  transportation cost disadvantage in the Pacific Northwest (Reference 12, p. v-39),
I makes this alternative as stated infeasible.

1
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4.4.1.2  Alternative Two:  Shifting Lost Pacific Northwest Capacity to
Alternate Location

By individual firm, the production capacity lost if the Alternative
Scenario recommendations are followed are tabulated below:

Pacific Northwest Proportion of Proportion of
Company Capaci ty (193st/Y) Capacity  in· PNW Capaci ty Lost

I .     ».

Alcoa 285 18% 18%

Reynolds 340 35% 35%

Kaiser 301 42% 42%

Martin Marietta 215 100% 44%

Anaconda 180 60% 60%

Intalco 261 100%                  0%

Total 1,582 (total capacity lost = 1,201)

The national impacts of the loss of this capacity are felt both by

the aluminum industry as a whole, which must attempt to maintain the
capacity level lost due to shutdowns (1201 x 103 st/y = 21.7 percent national

output), and by each firm which loses a given percentage of its total production
-

capacity.  In shifting this aluminum production to alternate locations,

one must accept the fact that power costs will inevitably increase over

their Pacific Northwest rates. Beyond that, one must include the capital
costs of new construction, which have been estimated at 9 cents/pound of

plant output (Reference 36), resulting in a total of $217,800,000 of capital

costs for displaced produttion.

Ernst and Ernst did a limited comparative cost study for a Pacific

Northwest site versus a hypothetical Ohio Valley site.  The replacement cost

per pound for a plant outside the Pacific Northwest was estimated at

41.24 (Reference 35, p. v-38).  The cost of replacing Pacific Northwest

plants, accounting for 21% of our national aluminum output, with installed

costs of 36.2 cents/pound at 80% capadity (allowing for IRE) and with
4.F:.  t .

alternate locations whose estimated cost per pound is 41,24, would effectivel& :
raise the market price of domestic primary aluminum.  Though the magnitude

of change on the average price of aluminum is not readily discernible, one

can only estimate that to raise the price of traditionally low-cost American
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aluminum relative to Asian and European aluminum (the price differences are

currently in the area of 8 cents/pound, Reference 38) would only augment

the current import rates, which already favor foreign producers, as the tight

American market became tighter.

The decision as to an alternate location for displaced production
raises interesting issues.  The added costs of relocation outside the

Pacific Northwest might be augmented by various other factors.  All

of the alumina imported from Australia to smelting plants in the United

States is utilized by Pacific Northwest plants.  To shift production

eastward, presumably to other low power cost areas such as the Tennessee

Valley or Ohio Valley, would necessitate increased transport costs derived

from the land transport of Australian alumina from West Coast ports or

from the added water transport costs involved in using Gulf or East Coast

ports.  Such a shift in plant sites might lead smelters to seek alumina from

closer sites, presumably Jamaica and Surinam.  However, Jamaican and Surinese

alumina is more expensive than Australian alumina ($115,03/ton vs. $93.67/ton.

(Reference 38, pp. 6-7).  The estimated total costs (production plus transport)

of Australian alumina is $101.05/ton versus $120.19 for Jamaican/Surinese

alumina.  The cost advantage of Australian alumina derived from its
utilization at least cost West Coast locations may be negated by shifting

its market east.  This might also serve to raise the cost of producing

domestic primary aluminum.

Beyond consideration of alternative United States sites for production,

it is likely that American aluminum producers might seek production sites

in foreign countries. The argument growing  out  of the widespread  use  of
aluminum by the ordnance industries during World War II and the Korean

conflict that aluminum production for domestic demand, as a "strategic"
industry, must be carried on within the United States has weakened considerably

as aluminum has become more widely used in less "strategic" industries.  It

is likely, therefore, that, in order to maximize profits and maintain competitive

price levels, American aluminum producers might seek foreign prbduction sites.'

should domestic sites appear unprofitable.

It is suggested that further analysis examine the proclivity of American

primary aluminum producers to locate near sources of bauxite or aluminum
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(Australia, Jamaica, Surinam) or in areas of cheap power.  It is doubtful

that American producers would seek European locations as electric power is

extremely expensive (35-50 mills/kWh, Reference 38, pp.11.2).  Regardless

of the specific site chosen, the movement of production to foreign locations

would result in labor displacement, and increase in the already high rate of

imports: and general 19« high  prices-of »al uminum

Of course, location decisions are made at the level of the individual

firm and not on the basis of industry-wide costs.  It may well be that

individual firms, by locating in a dispersed manner, can mitigate the

problems caused by agglomeration in the Pacific Northwest, i.e., 0.5% of

the labor force involved in an industry using 26%   of   the   regiont s power.

Likewise, the ability of each firm to absorb the costs of relocating might

be a function of the firm's total capacity to be relocated, i,e,, Alcoa

only losing 18% of its national capacity may be able to absorb rising costs

better than Anaconda, forced to relocate 60% of its aluminum capacity.

Perhaps this will act to decide which plants will be relocated and which

will merely be closed,  Finally, the added costs of relocation may only be

effective in the short run, given new technologies which allow for much more

energy efficiency in production.  Some form of this alternative seems         ,.
4.

most feasible.

4.4.1.3  Alternative Three:  Closing of Pacific Northwest Plants, No
Relocation, Demand Met by Increased Imports

This alternative is unlikely.  To begin, the likelihood that aluminum

producers twill drop 21% of their national capacity is, in general, dubious,
This would reduce the United States' share of world output, based on 1973
figures, to 26% from 34%, and would have grave effects on the balance of

output between free world and Eastern Bloc producers.  This alternative

seems least probable.

4.4.1.4  Alternative Four: Purchase of Electric Power in Pacific North-
west at "Blended" Rates by Aluminum Industry

Given the price increases and general market disruption inherent in

the three preceding alternatives, it seems worthwhile to address the

possibility that Pacific Northwest producers might be able to purchase

1

1
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required electrical power at rates somewhere between the current 3.1 mills/kWh

and the projected marginal 25-30 mills/kWh.  This lies somewhat outside the

realm of the Alternative Scenario, yet poses  the most viable alternative,      :«'  .
The "blended" BPA cost would be figured by requiring consumers of energy to

pay a stipulated "high" rate for one-quarter of their BPA power

(Reference 39, p. 3).  Depending upon the mix of high-cost therm81. and low-

cost hydroelectric power, the blended price of electricity as sold directly

to industrial customers (thus not including utility distribution charges)

could vary from 10 to 18 mills/kWh.  According to the Ernst and Ernst study,

a power price increase to 9 mills/kWh would result in Pacific Northwest

plants losing their short-run operating cost advantage over the hypothetical

Ohio Valley plant.  The study goes on to say that, even if Pacific Northwest

plants were to lose their electricity cost advantage over the Ohio Valley,

it would still be profitable to maintain a number of Pacific Northwest plants

to serve West Coast markets.  A break-even position for the aluminum industry

could be maintained at Pacific Northwest power rates between 9-12 mills/kWh

for non-interruptlble power (Reference 35, p. v-43).  According to Ernst

and Ernst, this would reduce the idle capacity requirement and reta.in the

Pacific Northwest's competitive position vis-a-vis other domestic locations.

This alternative would not result in price increases any greater than

those likely to be caused by producer's building power plants, relocating,

or closing down Pacific Northwest production entirely.  It would not involve

the employment and financial impacts imposed upon the region and local areas.

Though it would, in all probability, require the building of new thermal plants,

it would allow the diffusion  of the costs of generation by "average"   vers us

"marginal" pricing across all sectors, avoiding the disruptive effects of
penalizing the aluminum industry.

4.5  CONSERVATION, IMPLEMENTATION, TECHNOLOGICAL CHANGE AND DISTRIBUTIONAL
IMPACT

4.5.1  Introduction

This section briefly analyzes the potential electric power savings

in  1995_central statign_power. thatmight_gccur  in__thelacific_ Ngcthwest._
under the Alternative Scenario conservation plan.  Also considered are

 

questions-pertaining to the implementation of such: a plan, the potential
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for new technology to supply electricity, and the distributional impact of

a program of intense conservation.

4.5.2  Residential Sector Conservation Potential

BPA has projected that 1995 end-use demands for space heating, water

heating, electrical appliances and lighting in the residential sector would

total 97.45 x 10  kWh/yr.  The Alternative Scenario estimates that the 1995

residential sector power demands will be only 50.66 x 109 kWh/yr.  This

figure was obtained by using  the SOM study' s projections (Reference  4) 1

of savings made possible by a program of conservation.  The,projected savings

are based on a series of conservation actions relating to the end-use demands

for electric power.

Pacific Power and Light (PPL) undertook an analysis of the feasibility

of the SOM projected conservation actions and the projected savings from    c
A...

the SOM conservation actions (Reference 40).  PPL concluded that a large .  .*'91  ..0.'*.
portion of the projected savings in electric power demand that SOM stated  ·.7'   ,...

was possible could not be realized because the conservation      L              *,6.  v.'
actions had either already been implemented or the projected savings due to a

particular conservation action were overestimated.  Overall, PPL lowered

the SOM estimated potential conservation savings (as per SOM Strategy 6)

in the residential sector by 45% (Table 4.5-1).

TABLE 4.5-1

ESTIMATES OF REGIONAL ENERGY SAVINGS AND COST OF PROPOSED   i

CONSERVATION ACTIONS IN RESIDENTIAL SECTOR            1(COST OF PROPOSED ACTIONS)
PPL as New Ncw Existing Exis,ing

Conservation SOM PPL Percent Single Payback Multi- Payback Single Payback Afulti- Payback
Action Estimatel Estimatel   of SOM Farnily in Years Fame in Years Family in Years Family in Years

Space heating actions 5,013 2,284       46       $ 65 1.2 $ 65 3.1 $103 1.l $ 83 2. 3

InstallinS insulation 4,541 4,541 100 $539 13.6 $171 14.0 ·

$726 9.7 5130 8.4

Installing storm windows 3,602 3,326       92       $262 6.5 $101 6.6 $910 22.1 $338 22.3

Insulating water heater 1,925 1,337       69       $ 8 0.9 $ 8 0.9        $ 8 0.9 $ 8 0.3

Constricting water flow 4,461 1,561       35       $  5        0.2      $ %        0.3      $ 5

0.2           5   5              0.3          

Cold i·ater washing 749 SOO       67

Hot u·ater applicance 5,175 2,588          50
standards

Electrical appliance 16,424 7,390       45                                                          ·          1                     ' %
standards

Lighting saving' 142 142 100

rotal 43,032 23,669       55 $879 $350 $1752 $350

lMillions of kWh.

Source:  Data on power estimates from Reference 40, p. 4.  Data on costs (in 1976 dollars)and payback estimates from Reference 4, pp. 96-11.
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Table 4.5-1 gives a detailed breakdown of the SOM estimated savings

by conservation action and the PPL changes in the SOM savings.  Table

4.5-1 also gives cost and payback information (fromLthe SOM report) for

the conservation actions associated with various residential housing types.
-3-

There is a.possibility that the PPL estimates of potential  con-

servation savings are still overestimated.  This'consideration is based .

          on the fact that' PPL did not adjust the SOM assumed adoption rates      -              i
.-.

for the conservation actions.  In reality, numerous economic, institutional .

-                                               :i
i f

and social barriers exist for the adoption of the proposed conservation
actions in tAe residential sector.  This is particularly true for capital

int6nsiye conservation improvements in existing housing'stotk.
Table 4.5-2 litts the proposed conservation actions and some of the barriers
to their adoption in the residential sector.

- ----3
.'.

TABLE 4.5-2

BARRIERS TO ADOPTING PROPOSED CONSERVATION ACTION
IN RESIDENTIAL SECTOR

.,
r-
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1.   Exis ting Single/Multi-Family
Residences                                                  5

..1

Space heating actions XXX   X   X y x   X XXX X         X         X
Installilig insulation XXXXXXXXXXXXX

 
Installing storm windows X   X   X   X   X   X   X   X   X   X   X   X   X
Lnsulating water heaters X X X   X   X                X   X   X
Constricting water flow · X   X        X                   9
Cold water washing                 X              .·                                     4
Hot water appliances stahdards X X   X   X X • XXX
Electrical appliance standards      X          X X X X j,x x x
Lighting savings 3. X      X

2.  New Single/Multi-Family
'h

Residences

Space hcating actions .. -X   X                         X
.

Installing ins,ilation     . X        X                                                                X
Installing storm windows X.  X                          X
Insularing water heaters X        X                                                                X

Constricting water flow XX X         1
Cold water washing X   X        X

Q Hot water appliance standards X X X
. Electric appliance standards X        X        X

 I Lighting savings                    X                X                                                                1

1                                                                                                                                                                                                  ..
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4.5.2.1  Implementation of the Alternative Scenario Plan

The Alternative Scenario proposes a wide variety of regulations,

educational and technical assistance programs, and financihl- incentipes  and'
t

assistance to implement the intense conservation scenario.  In the form of
t

regulation, energy conserving building codes for new construction and

required compliance over time to the new code standards by old construction;

performance design standards for industry; and energy efficiency standards

for new appliances sold in the Pacific Northwest are proposed, based on the

SOM report (Reference 4).

-The  Alternative  Stenario  i-fidependently-prSposes  a  wide  variety  of

financial incentives including loans and tax credits to encourage the adopt
ion

of the conservation actions.  Table 4.5-3 lists the proposed government 
and

utility actions designed to encourage electric power conservation.  Table

4.5-4 lists estimates of the possible costs of the proposed.actions and

incentives.computed in this study.                                   _-          --i        - la-

TABLE 4.5-3                 1
l

PROPOSED GOVERNMENT/UTILITY ACTIONS FOR
-j IMPLEMENTING ALTERNATIVE SCENARIO PLAN   1

-.

Residential Commercial Vanufacturine
New Existing New Existing New Existing

Proposed Actions Buildings Buildings Buildings Buildincs Buildin.s Buildines

  1. Regulation
New energy-conserving building code for new
construction                                                                X                                 X                                 X

ReA,ale requirements for meeting new code                                                                                                             I
standards                                                                                               X

Retrofitting by 1995 to new
conservation                                                                                              

  
standards                                                                                                                         X

Hot water appliance consumption Btandards -
new appliances                                              XXX            X            X            XI

New appliance electrical efficiency standards           X            X            X            X            X            X

Information, education, and technical assistance      ,X           X           X           X           X           X

Performance standards design and plant approval                                                                  X             X

2. Lncentives

Five percent energy tax                                       X             X             X             X             X             X

Low interest loans                                                        X                         X                         X

Tax exemptions                                                   X                      X

Tax credits                                                           X                        X

Grants                                                                X                        X

Utilities install insulation/conservation
measures                                                                                                                          X                                                X

Loans                                                         X                     X         X

Source:  For regulations, Reference 4, strategy 6, p. 46; for incentives, Re
ference 4,

p. 46 and Reference 3, pp. 88-115.
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TABLE 4.5-4

PARTICIPATION RATE AND COST OF PROPOSED ACTIONS

1 Participation Rate Estiniated Cost

1.  Educational and Technical Assistance
(E&TA)

Mailing a first class informative letter To all households $500,000 per          
in Pacific Northwest mailing

Spending $10 per dwelling unit on an All dwelling units in $22,780,000
E & TA  prog ram Pacific Northwest

Spending $10 per capita on.an E&TA Total population in $68.780,000
program Pacific Northwest

Spending $20 per dwelling unit on an All dwelling units in $45,780,000
E&TA program Pacific Northwest

2.  Tax Credits

$100 credit for homeowners installing 50% of existing $84,000,000
insulation single family homes

in Pacific Northwest

$100 credit per dwelling unit 50% of dwelling units $114,450.000
in Pacific Northwest                                          

3.  Low Interest Loans/Capital Costs

$1500 home insulation loan 40% of single family $1,008,000,000
homes

i $1500 home insulation loan 40% of dwelling units $1, 373,400,000

Regulations such as the new building codes and new appliance standards

are easily enforced through existing institutional structures, and compliance

can be expected. Those actions that run counter to an individual's financial . .

self-interest  (such as retrofitting conservation actions on decaying houses)   .  '..,.:
can be expected to meet resistance in implementation. Therefore, while all s
of the proposed regulations and incentives may eventually be effective, it

may take a longer time than expected in the Alternative Scenario.
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4.5.3  Commercial Sector

The Alternative Scenario projected central station prower demands for

the commercial sector at 18.5 x 10  kWh/yr in 1995, which is only one-third

of the BPA estimate of 52.66 x 10  kWh/yr.  The Alternative Scenario projection

is  based  on the implementation of conservation actions  inend-puses  in- the

many diverse buildings and institutions that constitute the commercial

sectors.

No equivalent of the PPL study of residential sector conservation analysis

was found to exist for the commercial sector.  Consequently, it was not

possible to state if the estimates of potential savings are overestimated.

However, barriers to the adoption of the proposed NRDC/SOM actions

exist.  Table 4.5-5 presents a listing of some of the economic and

institutional barriers to the adoption of the proposed energy conservation
actions in the commercial sector.  From the listings in Table 4.5-5, it

appears possible to state that barriers exist in the commercial sector that

may act to prevent the total projected Alternative Scenario conservation

savings in power use to occur by 1995.
I.

Implementation in the commercial sector would take the form of

building code energy requirements for new buildings, requiring conservation

i retrofitting actions by 1995 in existing buildings, and educational,

technical, and financial incentive programs.  It is expected that conser-

vation actions that run counter to an individual's financial self-interest,

particularly-in the case of'ratrofitting older buildings, will be strongly

resisted.

4.5.4  Agricultural and Industrial Sectors

The Alternative Scenario and BPA project the following power needs in
these sectors in 1995 (Reference 3), in 10  kWh/yr:

ALTERNATIVE
SCENARIO BPA

Agriculture Sector 7.3 9.8

Manufacturing Sector                   38              129.6
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BARRIERS TO ADOPTING PROPOSED CONSERVATION ACTIONS
IN COMMERCIAL SECTOR
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1. Existing Buildings

Laree office buildings

Install equipment, controls X   X   X   X   X   X   X   X   X   X   X   X   X
Modify H/C system X   X   X   X   X   X   X   X   X   X   X   X   X

 

Insulate windows X X X X X X X X X X X X X
Insulate walls X   X   X.X   X   X   X   X   X   X   X   X   X

i Small offices           --.,

Install therrnostat XXXXXXXXXXXXX
Install hat purnp X   X   X   X   X   X   X   X   X   X   X   X   X
Insulate windows XXX'XXXXXXXXXX

Retail buildings

Air ventilation XXXXX-XXXXXXXX
Modify HAVC unit X  X-X X X  X  X  X  XXX  X  X

1 Insulate windows X   X   XXXXXXXXXXX
Insulate walls X   X   X   X   X   X   X   X   X   X   X   X   X

2.  New Buildings

Large offices

Install equipment, controls X X
Install chiller and N/R                                                   X     X
Air control X X
Tinted glass X X

Small offices

Automatic night thermostat X X
Insulate walls, etc. X X
Install heat pump X X

Retail buildings

C

Heat recovery X X
Double glaze windows X X

4        Reduce Blass arca X X
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The agricultural power demand is mostly power for irrigation pumps,

Projected power need differences are a function of different projections of

the amount of land to be under irrigation in the Pacific Northwest.

The Alternative Scenario figures for industrial power demand and

savings are based on the following assumptions:    1

I  Electricity will substitute for fossil energy at the rate of
0.6 percent a year;

e  Electricity will substitute for labor at a linear rate of
1 percent per year;

e  Conservation will reduce electrical energy requirements by
4 percent in 1985 and 20 percent in 1995; and

e  On-site generation will produce a little less than 2 percent 1

of the 1995 conservation savings.

No data have been obtained that specifically confirm or deny the

Alternative Scendrio assumptions as to the potential for conservation in the  i
manufacturing sector.  Projected rising real electric power prices will

give incentives to industry to conserve.  However, the potential for electric

power conservation in manufacturing tends to be industry specific,  This

is also true for individual firms within an industry.  Hence, only a detailed

analysis of the industrial sector of the Pacific Northwest can provide insight

into the accuracy of the Alternate Scenario projections for industrial sector

power conservation.

4.5.5  Adoption of the New Energy Technologies

Reference 3 discusses the use of solar, co.generation and total

energy systems, wind-power, burning waste products, and geothermal energy

as potential new sources of electric power in the Pacific Northwest in the

post-1995 period.  Certain barriers need to be overcome before any of these

new technologies will be a significant force in the supply equation of

electrical energy in the Pacific Northwest:
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I  Successful technological innovation in a field tends to come

from demand pull within a field, rather than technological

push.  This means that the economics of electric power from

these new technologies will have to be competitive with

alternative power sources in the Pacific Northwest.

e  The current technological state of some of the new technologies

such as solar  and wind power  is,in  the   Rroduct_,»chnol ogz. andi_.
development stage and requires large cemmi tments of capital
to bring the new mpans-of power-p¥Sduction to-widesptedd use.

e  Institutional barriers, including legal, social, and informational

problems, must be overcome before widespread adoption of these

new technologies can occur.
\

 

The Alternative Scenario states that solar-powered sources

would be employed for space and water heating respectively in 6% and 20%

of the new homes built between 1975 and 1995.  On a national level,

ERDA is predicting 10% of housing starts to have some form of solar

power in 1985, which includes the many areas that are much better suited

(i.e., sunnier) for solar power than the Pacific Northwest.

Adoption of other new technologies that are not as well developed

as solar power in the time period before 1995 seems doubtful.  Even

if sufficient demand developed, it would be doubtful if many of the

institutional barriens could be quickly overcome.  Any estimates of

the future power sources to come from a currently non-conventional source

(i.e., wind, co-generation) is to be viewed very cautiously.

4.5.6  Distributional Impacts

Any program of energy conservation will have distributional consequences.

A few of the distributional issues related to the Alterbative-SEE-narid-are I
noted below:

e  Any plan that involves higher electricity prices to residential
users will impact low income groups more than affluent
households.  This occurs for two reasons:  low income persons         k
have fewer discretionary uses of electricity than upper income

:4.
persons and utility costs are a greater part of low income
households budget.  While more affluent persons consume more
power, they will be less impacted in their lifestyle by price
increases, at least in the short run.
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1
e  A plan of regulation and standards requirements acts to boost

costs and thus has distributional impacts.  Costs for such
items as rents and appliances may go up due to conservation
regulations.  The impact of such increased costs on income

groups depends upon their consumption patterns and relative
importance of the items impacted by the price increases to
the vari.Qus.income groups.

e  A plan of conservation instead of expansion of utility thermal
power plants will act to redistribute-property -tax_base .away.- -.
from the communities that would have benefited by the construction
of the utility plant  to  the  gitjes  and suburbs. where the_value --......

of  iproper« wi 11 be increased by conservation improveWents.

I  Any plans of a utility installing free insulation, tax
incentives, low interest loans to pay for the cost of conservation
improvements, etc., will have major distributional consequences.
The exact impact of the program will depend upon how it is
structured, but any type of government/utility economic incentive
must_bl carefully .Blanned  for _bgth_ maxj-mulll.-efflciency  and  for
the desired income distribution consequences.

4.6  CAPITAL CONSIDERATIONS

4.6.1  Introduction

The analysis that follows addresses the impact of capital constraints

on implementation of the Power Plant and Alternative Scenarios.  While the

scope of this analysis and the intricacy of the topic preclude comprehensive

statements, the analysis does indicate relevant trends and variables that

will affect the capital input to scenario implementation.

Capital markets determine the direction and level of an economy's

activity to some extent. An understanding of the workings of this market

will enable more accurate forecasts of the future economy.  The material

that follows is an attempt. to isolate several capital-related phenomena and

present some insight into their ramifications for the two scenarios.

The analysis is divided into two sections.  The first section considers

capital constraints impacting the Power Plant Scenario, including investor

information, rate of return, and capital supply.  The second section

considers the Alternative Scenario in light of several capital.related

phenomena and suggests several areas for concern with regard to scenario

implementation.

- :1

4-34



/3                            I

\                                                  r
4.6,.2  Capital Constraints and the Power Plant Scenario

This scenario forecasts expansion in 15 of the 16 manufacturing sectors    
listed in Table 4.2-1.  To facilitate this expansion, the scenario

requires the construction of power facilities. These two aspects of the
scenario can be brought to fruition only if the investment capital is avail-

able for expansion and replacement of existing plant, equipment, etc.

Investment capital is made available through a variety of financial inter.
!

1

mediaries.  Access to the available capital through intermedianies for Pacific    '

Northwest projects will-be a function of: (1) investor's information_abo.ut__._
_the_Brojects; (2) the project's rate of return as perceived-·by·the investor;    1
and (3) the supply of investment capital.  Each aspect is discussed below.

4.6.2.1  Investor Information.

For capital to be made available to a given investment project, investors

must be aware of a ptoject's existence. This awareness can become      · ,r.
clouded when spatial and institutional arrangements separate.capital u

-             demanded from capital:supplied.  To the:extent.that capital projects.

occasioned by..the scenario are marketed  in national arenas, the information
impediment is_mitigated. Trading in national

m3rkets would generally see .i to be an eventuallty for investment projects ln this.scenario as these P

projects are corporate in nature, arising as.they do in.the.manufacturing

and utilities sectors of.the.economy.  In this regard, Straszheim indicates

that "Corporate stocks and bonds and government securities are all traded
in national markets, with essentially equal access" (Reference 41).    j
Therefore, information about the demand for capital in the Pacific Northwest

under this scenario would not seem to preclude the availability of capital

for these projects.
-

i "r-- r :73.-- --r- =- -

4.6. 21,21:,Ra'ie  -3 f3 Ret'Or'iilzurn i

In a money market constrained by limited capital, investors will

rationally assign their investment funds to the most lucrative investment

E-- -alternatives. To achieve maximum efficiency from their capital, investors        
will give priority to those investment opportunities which offer the highest

rates of return.  In assessing the rate of return likely to be associated

Plf-
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with the expansion attributed to the industrial and utilities sectors under

the BPA scenario, investors need to assay how well the planned expansion f*

matches likely demand. fr.

It has been suggested in other sections of this report that BPA's esti- 44/
/0:.  ..., 1mates  of  future  power  requirements  in  the  manufacturing  sector  seemed  high,  (  '

possibly due to the nature of the BPA method for forecasting electricity < /  .      I.

...  rt....
demand.  To the extent that BPA's forecasts may overstate demand, increasing

..

I output capabilities will yield excess capacity and low return on investment.

These considerations indicate that investors would be hesitant to make funds

available for all the projects implied in the Power Plant Scenario.
+  . .....        I

416.21 321The.Sup1519Jofl lioanabletiEuiids,f ds-

It was stated above that the capital projects implied in the Power Plant

Scenario would probably be financed in national money markets.  It is appro-

priate, then, to address the issue of whether capital will be in sufficient

supply nationally to finance the projects required by.this scenario.  To

determine.the likelihood of capital availability,_iLisnecessary_todefine-
a capital shortage.  Upon defining thelphenomena,git.is.then appropriate to      -

search for manifestations of the definition's tenets. .This procedure follows

below.

A capital shortage is ·defined  by .Brehrier as "double-digit long-term interest

rates,rrjsingrdebt.equityrratios_and_dec.1.ini nktcash
flow-capital expenditure    )

RA.ti Ps" (Reference  42). The latter  part  of this definition shows  some                    / /1
evidence of developing as evidenced by the data in Table 4. 6 31:- (Re76tedct:42·)91>
Col umns   5  and  6  of this table indicate a rather steady decline in the."Internal

Liquidity Ratios" derived  by  each  of the alternative methodol ogies. LThese  data

  indicate that

a declining cash flow-capital expenditure ratio can be

antici-      pated to-1984 and that at least one symptom of a capital shortage .--

is developing.  The implication of the capital requirements attendant to

BPA's growth scenario is that some projects will not obtain the required

capital and therefore will not occur.

A study by the Stanford Research Institute indicates th-at_cap.ital

shortages will not be a problem for BPA utilities(Reference 43).  If            1- ,

this is true and if the development of a national credit squeeze as forecast

..
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<    TABLE 4.6-1

p
INTERNAL LIQUIDITY RATIOS

(1)     (2)     (3)     (4)   (5)   Cs (6)
Fixed Nonfarm Retained Lnv. Internal

Internal                        1, i3 Business Inventory Earnings Val. Liquiditya Liquidityb
01 -Investment Investment & De prec. Adj. Ratio (IVA) Ratio (II)

/Mt                                                                                                                                                                                                         i

t.f
1947 23.4 1.3 19.7 -5.9 0.716 0.644

C    . F.2.1948 26.9 3.0 22.6 -2.2 0.799 0.704
b.    4/1 1949 25.1 -2.2 19.2 1.9 0.803 0.914

O/1 1950 27.9 6.0 24.8 -5.0 0.799 0.638
1951 31.8 9.1 23.3 -1.2 0.714 0.553
1952 31.6 2.1 22.5 1.0 0.728 0.688

3 1953 34.2 1. 1 24.7 -1.0 0.708 0.680
1---) 1954 33.6 -2.1 26.3 -0.3 0.778

0.827     /1        CJ,'44·C
1955 38.1 5.5 33.9 -1.7 0.867 0.748
1956 43.7 5.1 34.8 -2.7 0.765 0.676
1957 46.4 0.8 35.0 -1.5 0.738 0.719 "r.-i

1958 41.6 -2.3 32.8 -0.3 0.785 0.828
1, 1959 45.1 4.8 39.4 -0.5 0.868 0.782

1 p:

1960 48.4 3.3 38.1 0.2 0.789 0.740 14  4
t. .1

1961 47.0 1.7 39.7 -0.1 0.843 0.814 1.'  

1962 51.7 5.3 46.1 0.3 0.895
0.813              r'-;lt,· ··¥ 48.4 -0.5 0.887 0.8081963 54.3 5.1

414:f         1964           61.1 6.4 54.5 -0.5 0.888 O.801          8/"

1965 71.3 8.6 63.1 -1.7 0.873 0.773                         4

. I.-1 1966 81.6 15.0 68.6 -1.8 0.830 0.697           r'
I

''4. 1967 83.3 7.5 68.3 -1.1 0.813 0.743
r 1968 88.8 6.9 71.0 -3.3 0.781 0.717

\'  4 1969 98.5 7.7 72.4 -5.1 0.709
0.650                   3' 639»,

',
1970 100.6 4.3 70.6 -4.8 0.678

0.644                <
»: *6 1971 104.4 4.9 82.9 -4.9 0.771 0.726

1972 118.2 7.8 94.2 -6.9 0.776 0.716 , 711 w .»
1973 136.2 11.4 114.0 '-17.3 0.773 0.691                  WY

'
' 4' ..;           )        ..,

. 1 . 11/ 1974 149.2 11.9 129.1 -35.1 0.748 0.658'15;
A' 1975 147.9 -17.7 121.5 -11.4 0.783 0.858

1976 174.1 9.2 147.1 -13.7 0.806 0.7471 -
'e . 0

1977 201.7 20.1 165.2 -18.1 0.774 0.689
1978 215.9 8.6 161.4 -17.1 0.708

0.668             U
1979 220.6 2.7 167.7 -14.4 0.728 0.706             3.f

1.„ 1
¥

1980 243.0 14.8 192.1 -16.4 0.757 0.701 - 0
.

1981 274.6 21.9 213.0 -14.7 0.749 0.684
,

1                                                                                                                                             6,1'9        ' 1982 312.2 25.7 230.5 -14.4 0.715 0.654. f:   ..«V
1983 351.7 28.3 250.5 -16.6 0.689 0.632. 1984 390.7 29.8 275.4 -21.5 0.677 0.623

a[(3) + 1/2(4)] + 1 U  8         08
'" 4-37 0& 4b(3) + [(1) + (2) - (4)] lillI.-

Cj,    83          67               0 --»1       - -                & -»\7-7 /.Al
J)/ 4 /9        -  0             A
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by Brenner, Evans,  et al (Reference  42) is assumed,  then the manufacturing

sector will be impacted by the tight credit marketi -If-this latter sector

cannot obtain credit for expansion and/or replacement investment, its output

will contract.  If output in the manufacturing sector contracts (or at least

does not expand), BPA's estimation of future electrical generation requirements

needs to be reevaluated.

To summarize, national capital market experts are forecasting a tight

credit market over the next ten years.  Assuming that all regions feel the

effect of the tightness equally, the Pacific Northwest can expect that some

investment projects will experience insufficient funding.  The sectors that will 

feel the effect of credit unavailability most dramatically can only be

revealed by an in-depth regional analysis.

4.6.3  Capital Constraints and the Alternative Scenario

The Al ternati ve Scenari o   cal l s for expansion   in·14   of   1 6                1

industrial sectors.  The expansion is selective and ostensibly does not

require much investment spending in the utilities sector.  However, it does

presume expensive investment in conservation actions in the manufacturing,

commercial, and:residential sectors which may offset the utilities spending

required by.the.Power Plant Scenario.  .The.Alternative.Scenario calls for

a total expansion of the industrial sector equal to.that forecast by BPA.

As a result, the implementation of:the Alternative Scenario will also be

susceptible to national capital market constraints similar to those discussed

in regard to the Power Plant Scenario above.

In order to specify precisely the extent of the two scenarios, further

detailed regional and sectoral analysis would be required.  However, there is

evidence available which indicates that at least segments of the residential

sector may face capital constraints in attempting to meet the conservation

actions required by the Alternative Scenario.

For households to implement many of the conservation initiatives suggestedby

the Alternative Scenario, they will need to demand capital,  Normal household

credit channels are small and medium size commercial banks.  Straszheim suggests

that there can be significant regional credit Eost differentials in the small
and medium size commercial bank credit markets resulting from institutional
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arrangeme-nt3   p-reventi  g.these banks   from_ tapping_into. national -credit   _   ..,-«,      .
streams (Reference 41).  These differences result in certain banking

areas facing capital account shortcomings and manifest themselves to the

consumer in the form of high interest rates.  The ability of a local banking

area to meet loan demands is a function of the savings habits and income of

the area's residents, as well as prevailing interest rates.  If regional

income decreases, the volume of credit available at local commercial banks

through resident savings would be expected to decrease and the price of

that credit (i.e., the interest rate) would be expected to rise, perhaps to
7

the point where some consumers are priced out of that market.

The above set of phenomena can be expected to occur, at least in the short run,

in areas where the Alternative Scenario recommends aluminum industry phase-out.

For example, it was earlier indicated that in Chelan County, Washington, a large

portion of the county labor force will be unemployed if the aluminum plant

there closes.  It was also pointed out that average earnings in the aluminum

industry are considerably higher than in other industries.  Closing the

aluminum plant in Chelan County would decrease county income considerably.
'..

If it is assumed that county residents deposit their savings in local com- 4,
..

1

mercial banks, the lending ability of these intitutions would be contracted

due·to the phase-out and consumer requests for loans for conservation actions    1

would go unfilled. Again,.this.is:a hypothesisTcentering.on a specific set

of circumstances.  As.such, themmagnitude and probability.of:such a develop-

ment remains unresolved.  However, this situation is indicative of the kinds            
of phenomena that may arise under the Alternative Scenario.

The Alternative Scenario posits considerable public intervention as input

to such processes as labor training, conservation initiative, etc.  The

analysis presented above suggests that private mechanisms for motivating these

economic processes will face some difficulty. It appears then that the caps· · ·

ability of the public sector to manipulate these processes to.achieve the ..

desired results will be severely tested.
-         -

c-------,- - -7
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5.0  IMPACT OF NEW NATIONAL ENERGY POLICY

During the period this study was being conducted, a new National Energy

Plan (NEP) was announced by President Carter (April 20, 1977).  As the corner-

stone of the new energy policy concerned energy conservation, it was decided

to conduct a detailed examination to assess how the implementation of

the new energy policy--including its energy supply components where appro-

priate--would affect the previous results, particularly with regard to any

changes in the differences between the Power Plant and the Alternative

Scenarios.

Many of the specifics of the new energy policy have yet to be fully

defined.  Therefore, only those policy measures which were felt could have

the greatest impact and which also could be quantified within the economic

analysis framework already developed were examined in detail.  These

quantifiable impacts'fell into three general categories around which this
section is organized:

e  Impacts on electrical energy consumption  J

•    limpacts-on t--e-J/63-/ofts- of  implementing-cons-ervation
,--I

•    1--mpActf-_R   fuel_  pr-ices---  1

All three categories are discussed in terms of how they affect the

results in both the Power Plant and the Alternative Scenarios and hence

the differences between themm.  The net impact on the difference in total

costs between the two scenarios is also assessed.  Other policy measures

which could not be quantified within the general framework developed here      :
1

1-btlt which probably   have a definite- meast  -811.yhe   scenarl«-have:be«-dealt-311
-»+--X-     - ...„ -

 with qualitati vel_yic-r:-   _.-,-    .'.9'A 3- .-T. .  r  . -1,;  .

A general comparison of the National dEnergy Folicy with the Alternative
Scenario in terms of its suggested levels of conservation implementation

and its»pronosed tax credits and other financial incentives is provided in
ITable 5..041,| Note that the NEP's proposed levels of implementation are

generally higher than the corresponding levels in the Alternative Scenario
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4                                                                                      TABLE  5.0-1
COMPARISON OF NATIONAL ENERGY PLAN (NEP)

CONSERVATION MEASURES WITH ALTERNATIVE SCENARIO

1.

CONSERVATION NRDC
19852

NEP 1985 Measures
SECTOR END-USE SERVICE(S) MEASURLS I m p 1 e me n t a t i o n , Imple,nentation Z T,ix Credits

(Electric Buildin s) (& other incentives)
RESIDENTIAL Space Heating Lower thennostat \

68-70° day, 62°
night; autoniatic
thermostat night   353 - 37%                   *

setback; weather- / 25% of first
strip homes )

5800; 15% ofInsulate ceili'ngs,                                       next $1,400
walls, floors 46% - 503 90%

Retrofit stol·m win-
windows on existing  42% - 49%                   *

and new dwellings

*

Heat pumps .4% - 3%                *
Solar Space Heating

Systens 4% - 1.95 .3*3
Solar: Starts at

Total energy sys-
tems 4% - 1.8%                   *             40% of first 31,000.

25% of next 56,400

Water Heating, More efficient
to 25i of first
in 1977. Declines

Lighting, appliances (water 100:5  (Al 1 Homes) Mandatory  std. for Sl,000, 15% of nextAppliences heating, lighting, all new appliantes. 56,400 by 1985.other).
Solar water heaters 2% (All Homes) .2.7%

COMMERCIAL Space Heating Lower temperature to
72° in winter; raise 30% - 73%     4. \
to 78° in summer.

E EE  3M - 73%
90: in general;

.setback of
thernio-                      700,;

for 10% Investment

stat. 57% - 73% Fede,-al Build- tax credit

Packaged heat pumps ings

in small office
buildings 43% - 78%

Central heating and
cooling systeti's;
heat recovery from
refrigeration coin-
pressors and water
chilling. 43% - 73%

Solar heating             1% *Total energy systems      2%

Water Heating Reduce water heating
te;nperature 30% - 73%                  *

Lighting Reduce lighting
levels but wintain
80-100 fl.-candles 30% - 73%                  *
on work surfaces

MANUFACTURING Production Reduction in energy
Pi·ocesses intensity by···4% in 10% Investment

1995 '
100%                     *             Tax Credit             )

Flus
On-site electrical Fair Utility Rates*
generation thru 20% (Luniber) for surplus & backup   '
sel f-generation ., power from cogenera-
or utilizing pro- 60% (Paper)

·*
tioil.

duction process                                                                        f
* /waste. 10% (Petroleum)

AGRICULTURE Irrigation Use of wind-hydraulic                                                               \
and solar driven *-      pumps.                  1%                               10% Investment Tax

-                                       Credit         ·

*Implementation levels unspecified.

Natural Resources Defense Council, "Choosing an Electrical Energy Future for 'the Paciric Northwest: An Alternative Scenario,"
Final Draft, January 31, 1977.

June.2skidmore, Owings and Merri.tt, "Bonneville Power Administration Electi·k Energy Conserv.ttion Study'," 1976. g' )

3                                                                                                                                                                               1».4Based on requirement for 2.5 million water heaters and .25 million space heaters by 1985. .S[IA background report to NEP. l..  '1

-5     Fl
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for 1985 despite the fact that the NEP is based largely upon incentives

while the Alternative Scenario is based upon a mandatory implementation

strategy.

The remaining conservation measures where no implementation levels

were specified in the NEP should not be interpreted as being omitted from

consideration by the NEP, but only as hapihgynoi,specifiddlimpramfhtatt6iin
levels.

5.1  IMPACT ON ELECTRICAL ENERGY CONSUMPTION

The National Energy Plan calls for strong reliance upon conservation

measures in all sectors of the economy.  The measures include those which

are mandatory, as well as those which are voluntary.  Three specific NEP

policies were identified as having definite bearing on the current study.

These are the following:

•  Implementation of insulation in residential buildings (incentive),

•  Implementation of solar space and water heating units in
I residential and commercial buildings (incentive).

•  Mandatory building efficiency standards (mandatory).

While all of these items were assessed for their potential impact in

both scenarios, only the implementation of insulation was determined to

have an actual effect on them.

It should be emphasized here that since the Alternative Scenario is

concerned with homes that are electrically heated, the impact of the

NEP implementation is determined relative to these homes only.  Consequently,

this study does not reflect NEP effects on fossil fuel consumption.

5.1.1  Implementation of Insulation in the Residential Sector

The National Energy  P-1·an  has- the inslil-afi-ng- of  90%1  ef all residences
and other buildings by 1985 as one of its goals.  The primary impact of

this goal is to accelerate the implementation of insulation in the residential

sector.  Consequently, both the Power Plant Scenario and the Alternative

Scenario assumptions were modified to include this feature.  These modified

.-

1

1

As this report was going to press, there were indications that the 90%   s
'

penetration goal might be reduced to 60%.
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scenarios will be referred to as excursion cases, and the non-modified

scenarios referred to as base cases hereafter. For the Power Plant

Scenario, the NEP initiatives represent the only conservation effort to

be implemented since the general pattern of this scenario does not include

conservation within its structure.

The percent of electrically heated residences insulated by 1985 was

set equal to 90% in all cases for both scenarios.  From 1985 thraugh 1995,
the level of implementation of insulation was held constant at 90% for the

Power Plant Scenario, but allowed to rise to the previous 1995 levels in the

Alternative Scenario. Since the procedures for implementing this measure1

in the two scenarios were somewhat different, they will be discussed separately.

In the case of the Alternative Scenario, thecbbaggei*nttheitimpl,emebta-
tion level of insulation required that the thermal performance coefficients

(TPCs) for each electrically heated dwelling type in 1985 be recalculated.

It will be recalled that the procedure for calculating theTYPPCs as explained

in Section 2.2 was to multiply the percent implementation of a given measure

in a given year by the number of electric homes of a given type in that year

and then, based on the annual kWhe
savings per home from that measure,

determine the total sector savings,  When this is done for each conservation

measure in each given dwelling type and the result summed, the total sector

savings is determined.  By dividing the total savings by the total before

conservation consumption, the fractional sector savings is obtained.  This

fractional savings subtracted from unity is defined as the average TPC

for that type of dwelling.

When this procedure was performed for insulation by changing the 1985
' level to 90% while retaining the previous levels of all the remaining

passive measures, the following results were obtained:

l In the case where the housing stock decl ined after 1985, i.e., MF<76,

1985 was the cut-off·date for installation of insulation.
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TABLE 5.1-1  .*
COMPARISON OF TPCs IN ALTERNATIVE SCENARIO  

f BASE AND EXCURSION CASES
(Electrically Heated Homes)

1985 1985 1995
Base Case               Excursion Case Base Case

SF<76 .737 .636 .473
SF>76 .769 .706 .538
MF<76 .771 .689 .542
MF>76 .785 .734 .569

It can be seen from the. above table that while the implementation of this
level of insulation improved the average TPCs of all electrical'ly"heated dwelling
types over theircl 985 base case level, itldid not improve.them to their:1995 levels.

These TPCs were then assumed to change linearly from unity in 1975 to their

1985 excursion case levels and from there linearly to their previous 1995

levels.  When substituted for the base case TPCs these excursion case TPCs

provided a reduced level of energy consumption for space heating in the

residential sector.

In the Power Plant Scenario excursion case, data from the SOM Study

(Reference 24)  were  used to determi ne the residential sector energy consump-

tion profile following the NEP recommended level of insulation.  Since pertinent

data were given only for the years 1980 and 1995, the projection is based

on calculations for these years only.

A comparison of the residential sector energy consumption i ntthebbase
i

and excursion cases in both scenarios is plotted in Figure 5.1-1.. It.-
is obvious from this figure that the implementation of the NEP level of

insulation makes a greater difference in the electrical energy consumption
of the Power Plant Scenario than in the Alternative Scenario.  The cost savings

effect will exaggerate the difference in the two scenarios even more due

to differences in the prices of electricity at which this energy is being

saved.  This is a consequence of the substantial level of implementation of

insulation measures already considered in the base case Alternative Scenario in

contrast to much lower levels of insulation implementation in the base case

Power Plant Scenario.

5-5
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The cumulative savings over thel20-year period resulting from the

implementation of the NEP recommended level of insulation is 18.2 x 10  kWh

in the Alternative Scenario. The maximum annual difference in this scenario

occurs in 1985 and is 1.7 x 10  kWh.  The cumulative savings is 84 x 10  kWh

in the Power Plant Scenario, with a maximum annual difference of 4.4 x 109 kWh

occurring in 1995.  These maximum annual differences correspond to 195

average MWe in the Alternative Scenario and 500 average MWe in the Power

Plant Scenario (which equates to roughly one 750 MWe power plant,. assuming

a .67 capacity factor). The savings may, of course, be viewed·as a power
reserve father than a reducti6nnin the number of· power plants required.

5.1.2  Solar Heating Implementation

The goal of the solar heating program of the NEP is to have over 2.5

  million installations in residential units by 1985.  This goal is very
close to that projected by the Solar Energy Industries Association (Reference IT7 )
with the same incentives.  Currently there are 74 million residential units

in the United States (Reference Af, p. 40). Based on an expected 1.3 million   L
new housing starts per year overfthe next decade (Reference *'.22,  p.  8),

r
-   this would result in approximately 83 million residential units by 1985.

Equipping 2.5 million of these units with solar heating   systems    (NEP   goal  ).
would represent 3% of all residential Units.  Assuming a 90%/10% split

between solar water heating and space heating as approximately indicated

on Table 5.2-3,ia 2. 7%,imblementati'on p,level=resultst.forowater.cheating . dd,td..

TABLE 5

  EFFECTS

OF NATIONAL ENERGylPLAN  ON  RE3IDENTIAL- 
SOLAR HEATING IMPLEMENTATION

.-.-

--r

f                                                                                                       Proportion

-f Total Number of Total Number of Combined Water and Of Water

Water Heaters (Thousands) Space Heaters <Thousands) Heaters and

Year New Retrofit Total New Retrofit Total Space
Units Uni ts Un i ts Units Units Units Heaters

1980             64 183 247 7.0 1.8 8.8 96%/4%

1985 392 1560 1952 ., 216 70.2 286.2 · 85%/15% \
1990 1071 3030 4110 783 1660 2443                                         r59%/41%

1

· lAssumes adoption of solar. incentives identical to those in the NEP.     
' Reference 17.
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a 0.3% level for space heating.  This compares with the Alternative Scenario

assumptions of 2% space heating in new single-family homes and 1% in new'

multifamily residences in 1985, or ,3% of all-residences in the region.
Thus the national average figures imply an equal implementation of solar

space heating systems compared to the Alternative Scenario.  However, for

solar water heating, the implicit NEP target of.2.7% is somewhat higher than  1

the 2% level assumed in the Alternative Scenario.

Of primary interest, however, is the fraction of the 2.5 million residences

expected to have solar heating in 1985 that will be located in the PNW

region.  According to the Executive Director of the Solar Energy Industries            

Association,.few of these installations will occur in the PNW region, even       -

with incentives, due to current low prices of electricity and not too favorable     i
1

I sunlight conditions there (Reference 23),  This opinion was confirmed

in the analysis of solar heating in both the residential and commercial

sectors conducted in this study, wherein solar heating showed a net cost to

consumers in all cases.  Therefore, it was decided not to increase the imple-

mentation level of solar water heating beyond the level alreadgyassumed i
in the Alternative Scenario.

While there would be no impact on the Alternative Scenario from

s,solar heating implementation, there would be an impact on costs due ,

to the tax credit provision in the NEP.  This impact is discussed in subsection

5.2.2.

5.1.3  Mandatory Building Efficiency Standards

The NEP calls for advancing--the effective date of the mandatory
efficiency standards for new buildings required by the Energy Policy and

Conservation Act from 1981 to 1980. Unfortunately, those standards -have not
yet been defined in detaillsoothattaacpmpariiofinwttfht"thdneffidiebdi,dis
stated in the Alternative Scenario for commercial buildings cannot be made

at this time.

However, for federal buildings, specifically, the NEP standards have been

defined.  The objective is to reduce by 1985 the energy intensity of existing

federal buildings. by 20% and that of new federal buildings by 45% re lative

to 1975 levels.  While the exact proportion of federal buildings in the PNW
was not known, the large office building prototype (10,000 ft2 floor area)

5-8
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may be assumed to be representative of this type.  Based on the data presented

in Table 2.3-1 of subsection 2.3.2.1, it can be seen that the average energy

savings for this type of building is 37.2% for both new and old structures

combined.  This is well within the rate of 20%-40% specified in the NEP

and so it is likely that the NEP goal would have no impact on the energy

savings for this type of building in the Alternative Scenario.

Whether the above statement can be generalized to include all the

building types in the Alternative Scenario cannot be determined prior to

publication of the mandatory building efficiency standards.

As was the case for solar heating systems, the effect of tax credits

for investments in the building conservation technology assumed in the

Alternative Scenario will be assessed in the next subsection.

5.2  IMPACTS OF IMPLEMENTING CONSERVATION ON THE CAPITAL COSTS

5.2.1  Tax Credits for Passive Conservation Measures in the Residential Sector

The national energy program provides for a tax credit of 25% of the first

$800 and 1 5% of the next $1400 of the cost of passive conservation measures

implemented between April 20, 1977 and December 31, 1984.  In the case of the

Alternative Scenario, 'these«tax credits were- computed for individual  'c'

electrically heated residences based on the total initial (unfinanced)

capital cost outlay for eachl »of the passive measures incurred in each
residence type.  The implementation levels of all the passive measures

except insulation were left unchanged from those specified in the Alternative

Scenario.  The implementation rate of insulation was increased to conform to

the national energy program goal  of 90% by 1985.  Following this procedure

and knowing the stock of homes in which the conservation measures are

implemented each year from-1977;to 1984, the total tax credit for this

 
sector Was determi ned  fors thdse  96ars. The credits weregthen  reflected

in the cost accounts starting in the year 1978 and ending in the year 1985.

A similar procedure was used for computing the tax credits'in the Power Plant

Scenario as well, but with insulation considered as the only conservation

measure of relevance in that scenario.

1This procedure was followed since the distribution of consumers who install
more than one conservation measure at a time was not known.
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The results of implementing the passive conservation part of the
national energy program guidelines in both scenarios, determined on the - j
basis of the 20-year costs to the con-sumers, are shown in ·Table.5,2 1„ -      -- --

Note that relative to the Alternative Scenario, the costs shown in
--1*- -'                                                                                                                                                                      -       9.-  - )            - I ,$-  -

11  E-

Table 5.2-1- reffe-c-t the situation prior to the implementation of any -

of the active conse-rvation measures. Consequently, the residential sector           F  1
--»-+

costs shown in this section will be different from those discusied in
.----9-

ix

I. \ TABLE 5.2-1

/.      t>
1

IMPACT OF THE NEP ON THE COST COMPARISON OF THE .-1

TWO SCENARIOS IN THE RESIDENTIAL SECTOR                 :
../. \

>

\
-i-   -

-7                                                                      \
\        \,                                                     Twenty-Year Cost Totals

($ x 109 in 1976 $)               \

6                                       - Base Excursion Net Savings In
i  Building Type Case Case Excursion Case   '

Alternative Scenario

i· (with Passive Measures only)
Existing Single Family 3.573 3.306 0.267

„ New Single Family 1.927 1.864 0.063

, Existing Multifamily 1.228 1.157 0.071

 New Multifamily .777 .756 0.021

Total Sector 7.505 7.083 0.422

4  ,    power  Pl ant Scenari o

42;   Total Sector 26.461 . 25.927 0.534

f                             1

--

Section 5.4, where the Alternative Scenario was considered in totality

-..   (i.e., with both passive and active measures implemented). In contrast,
the costs for the Power Plant Scenario are complete, since no active               "

measure implementations were assumed.

5-10
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The results  indicate that there  is  a  net cost savings  of  over  $400
million in both scenarios following the implementation of the national energy

program.  While the savings in the two scenarios are comparable, it must be
--- --- -/ -- ---  --

recalled that the Alternative Scenario is both less energy intensive (due

to built-in conservation) and less cost intensive than the Power Plant

Scenario.  Consequently, while the magnitude of net savings is slightly

lower in the Alternative Scenario, it represents a greater percentage of the

costs incurred in the base case.  Despite the fact that the tax credits

were applied to all passive conservation measures in the residential sector

of the Alternative Scenario, but only to a single conservation measure

(i.e., insulation) in the Power Plant Scenario, the cost savings were greater

in the latter case.

5.2.2  Tax Credits for Passive Conservation Measures in the Commercial Sector

According to the NEP (Reference 18, p. 42), "businesses would be
entitled to a 10% tax credit for investments in approved conservation measures,

in addition to the existing investment tax credits." As the list of approved
measures was not included in the NEP, this statement was interpreted to apply

to all the passive conservation measures that were costed in Section 3.5

for the Alternative Scenari6.  Since the minimum Federal efficiency standards

for buildings have not yet been set, it was not possible to judge which

conservation measures and what level of implementation would be required so
that no comparable assessment could be made for the commercial sector of the

Power Plant Scenario.

The manner of implementing this portion of the NEP policy is defined as

follows.  Referring to Table 3.6-1, the third column entitled "1980 SOM

Regional Cost" ;displays the total unamortized capital costs of implementing
conservation through 1980 by building type.  The tax credits for these

measures were computed by first dividing the 1980 cost by 5 in order to obtain

the annual cost from 1976-1980, and then multiplying this annual number by

10% to obtaincthe annual tax credit. The computed tax credit figure is
shown in column 3 of Table 5.2-1 by multiplying·this annual tax credit

-i-- -           .                    -

by four.  The total tax credit applicable in the four allowable years of
this period, 1977-1980, was determined, as. shown under the column

labeled Ce).  Then the procedure implemented previously in section
i

3.6 was applied taking into account the total allowable tax credits.  This
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procedure and the results are presented in columns labeled (a)-(1) in Table

1._9·2-2.  In this way, total Alternative Scenario costs for implementing -7
-- ---conservatTon-in -the commerETal sec€or under the-NEPtax -intentive--Program   -  -

were obtaine4.  The total costs in the base and excursion caso are compared in
Table 5.2-3.  These costs were then distributed uniformly from 1977-1985

inaccordance with the previously assumed uniform implementation levels.-

TABLE 5.2-2

COMMERCIAL SECTOR CONSERVATION COSTS WITH 10% INVESTMENT TAX CREDIT

(a)               (-)           (b)             (c)         (d)       (e)        (f)        (g)         (h)          (i)

Cost of 1985 1985
1980 SOM 4-Year Unit Alternate Alternate

1980 SOM 1980 SOM Annual Financed Tax Energy Scenario Scenario

 

Building Type Regional Savings Regional Cost Tax Credit Regional Cost R&M Credit COS;s Savings Savings Cost

(x 106 kWh) (x 106 $) (x 106 S) (x 106 S) (x 106 5)  Cx 100 S) (S/kWh) (x 106 kth) (x 106 S)
4xb c+d-e f/a hxgl

Si.a 11 Office 613 73.7 1.474 82.25 1.89 5.896 78.24 .1276 1231 157.1

 

Large Office                374 7.8 0.156            9.3          .60 .624 9.28 .0248 1667 41.3

Retail 812 18.6 0.372 20.8 1.38 1.488 20.69 .0255 1790 45.6

School 642 li.8 0.236 12.7 0 .944 11.76 .0183 427 7.8

Other Commercial 1192 33.7 0.674 40.0 3.29 2.696 40.59 .0341 1802 61.4      1

.

 

Total = 321.0  ' 

.7
It is assumed that cost of unit energy savings is identical in 1930 and 1985.

./ -

5.2.3  Tax Credits for Solar Heating Systems in the Residential and
Commercial Sectors

As discussed previously, the implementation levels of solar space and

water heating systems were assumed to remain unchanged from the levels in

the base case Alternative Scenario. despite the tax incentive program.
- - -

Hence, the tax credits were applied .to the base case levels in the Alternative
Scenario.  Again, implementation of solar heating systems was not considered

for the Power Plant Scenario and so no tax credits were involved.
.

The tax credit program for solar heating systems, as stated in Reference 18

on page 75, differed between the residential and commercial sectors.  In the
1•   ' r-- ---                                                                                                                                                                                                                                                                                    -

commercial sector, solar heating systems were considered to be treated like

any other conservation measure and hence the 10% tax credit was applicable

5-12
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TABLE 5.2-3 6.6» 7
TOTAL COST COMPARISON IN THE COMMERCIAL SECTOR

1_- WITH/WITHOUT TAX CREDIT-

C.2-'-.

1

1985 1985
Base Case                 Excursion Case   

Building Type (x 106 $) (x 106 $)
,.......
\...

Small Office 169.0 157.1

Large Office 44.0 41.3

Retail 48.0 45.6

School 8.5 7.8

'Other Commercial 65.5 61.4

335.8 321.0

\ \
\.\ -

\

\.

to them as well.  In the residential sector, a different and time-varying-

tax credit was applicable to both types of solar (space and%water) heating       2

systems.  The- tax credit starts at 40% of the first $1,000 and 25%     5>1-
FEf the next- $6,400 in. the latter part of 1977 (after April 20), 012.

LIS_ then declines in stages  to 25% of the-first-$1,000  and 15% Vrowk)- €AP
of the next $6,400 by December 1984.

    Table 5.2-4 provides an illustration of what PNW homeowners wou18 pay

for their solar heating systems with and without the tax credit.
b-                        I --     .  - --  - --   ----

.-     -               -              .  -                                                                              -          .    I --   *-I..<--
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4                                                   TABLE 5.2-4

EFFECT OF TAX CREDIT IN 1977 ON COST
OF PNW SOLAR HEATING SYSTEMS

(1976$)

11                                                                                                                                                                                                                                                        1
No Tax Credit Tax Credit2

-

Unamortized Amortizedl Total Unamortized Amortizedl Tax Total

    Solar

Application Cost Total Cost Investment Cost Total Cost Credit Investment

Space Heat SF>76 $4500 $5346 $5346 $4500 $5346 $1275 $4071

Space Heat MF>76 $1900 $2257 $2257 $1900 $2257 $ 625 51632

: 
Water Heating (all) $1260 $1497 $1497 $1260 $1497 $ 465 S 752

15 year loan; 7% real interest, compounded on monthly balance.
LTax Credit is 40% of first $1,000 and 25% of next $6,400 in 1977.

The results of the tax credit program in the residential sector for

the solar systems are tabulated below:

TABLE 5.2-5

EFFECT OF TAX CREDIT PROGRAM ON RESIDENTIAL SECTOR
SOLAR HEATING COSTS (1976$)

Total Net Cost Total Net Cost1                                          1

,without Tax Credit with Tax Credit % Cost Reduction
Solar Application (x 106 $) (x 106 $) Due to Tax Credit

Space Heating
(incl. SF>76; 184 180                2%
MF>76)

Water Heating 578 562 3.0%

1                                                                               1Rounded to nearest million.

Although there is a minor cost reduction resulting from the solar tax

credit program, the net cost of solar heating systems remains positive and

therefore these systems are still not cost-effective within the 20-year

period considered here.

For the commercial sector, the 10% tax credit was applied and the credit         I

was given to the commercial user in the second year after his purchase (as

was the case with the residential user).  The effect of the tax credit program

on the commercial sector solar heating costs is presented in Table 5.2-6.
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region, a cost ranging from 804 to $1.10 per. MMBtu was computed depending

on the exact transportation distance involved.  The higher price of $1.10

was then used as a conservative estimate in computing coal.derived electricity

prices in the base case calculations.  Hence it was felt that no change had

to be made in the excursion case to these previously computed coal-derived

electricity prices for the two scenarios.

The overall effect on electricity prices due to increased natural gas

and oil prices was negligible due to the extremely small fraction of

electricity generation in the region that is obtained from gas- or oil-fired

turbines (less than 1.5% in the Alternative Scenario and 1.2% in the Power

Plant Scenario in 1985).  Furthermore, natural gas was assumed to be phased out

of utility use in combustion turbines and was replaced by distillate fuel

in the base case computations, thereby simulating the effect of the NEP

natural gas price policy.

5.3.1  Effect of Natural Gas Prices on Total Energy System Costs in the
Residential and Commercial Sectors

Residential and commercial consumers of natural gas will not pay the

users' tax proposed in the NEP for industrial and utility consumers.  However,

they will pay the increased price of natural gas as it begins to reflect

marginal production costs.  Based on data provided in the NEP, a natural gas

price schedule was constructed.  The NEP (Reference 18, p. 53) states

that all new gas sold in the country would be subject to a price limitation

of $1.75 per Mcf at the beginning of 1978, but this would increase to

$2.20 per Mcf in 1985.  With this price range and assuming an average of

1000 Btu's per Mcf, a price schedule can be constructed based on a linear

interp6lation between the two dates.  That schedule is given by the

following equation:

--- --

Price (t) = $1.75 + .0643 (t - 1978) per MMBtu for 1978 i t < 1981
Since the fuel cell total energy system assumed for residential and

commercial consumers in the Alternative Scenario will not be implemented

until 1981, the equation may be rewritten based on that year, and extrapolated

to 1995 as well:
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Price (t) = $1.943 + .0643 (t - 1981) per MMBtu

for 1981 <t< 1995.-

Based  on this natural gas price schedule, the ·,an-rilial,lyel.*p-]1.13-7uel -3.rs,

0&M costs were obtained for the two residential and one commercial building

types which were assumed-to have implemented such TES systems in the Alternative

Scenario (see Table  5.3 1). Theie per-building fuel -plus.0&M costs  were

then multiplied by the number of buildings of each type in each year that had

such systems, based on the same implementation schedules assumed in the base

   case.

TABLE 5.3-1

REVISED ANNUAL FUEL AND 0&M COSTS FOR THE FUEL CELL TES
IN THE RESIDENTIAL AND COMMERCIAL SECTORS BASED     ;

ON NEP NATURAL GAS PRICES

Annual TES Annual Fuel Annual Annual Fuel Plus

Building Type Gas Consumption (Btu's) Cost Schedule (1976 $) 0&M Cost (1976 $) 0&M Cost Schedule (1976 $)

 

Single Family (>76) 106.7 x 106 207.32 + 6.86 (t-1981)              31           238.32 + 6.86 (t-1981)

 

Multifamily (>76) 99.8 x 106
193.91 + 6.42 (t-1981)              31           224.91 + 6.42 (t-1981)

    <

 
Average Conmerci al 21.44 x 109 41,658 + 1,379 (t-1981) 2,790 44,448 + 1,379 (t-1981)

A comparison of the effects on these increased natural gas prices with

the base case prices are shown in Table 5.3-2.

TABLE 5.3-2

COMPARISON OF FUEL CELL TES COSTS
IN THE BASE AND EXCURSION CASES

I

TES Sector
Net Cost Net Cost
Base Case Excursion Case

(x 106 $  (x 106 $ 

Residential 98.00 140.43

Commercial -7.90 37.351

W.        1I Net savings.
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Thus, while the natural gas prices increased the net cost as expected in
./1

both sectors, in the case of the commercial sector TES it was sufficient to

change the TES from marginally cost-effective to cost.ineffective Within

the 20-year period of interest considered.

Since it was not specified in the Alternative Scenario report the type

'        of total energy system that might be implemented, the fuel cell TES was assumed

for purposes of this study.  A different type of total energy system,

particularly one based on coal rather than natural gas, could prove

mor,ese ffecti ve. 

5.4  TOTAL IMPACT ON COST DIFFERENCES BETWEEN THE TWO SCENARIOS

This section describes the impact of the NEP on the two scenarios

1.,7 .
individually (5.4.1 and 5.4.2) and then the impact on the cost difference

4 6      between the two scenarios (5.4.3).
Ifi--

5.4.1  Alternative Scenario

The economic impact from the consumers' point of view of the implementation

of th€S fesident's National Energy Plan on the costs incurred in the base
.. ..-

2,4         case Alternative Scenario is described herein, subject to the following
J

assumptions described earlier and summarized here.
21 .-- .- - I.                             - -

5.4.1.1  Residential Sector

The implementation levels of insulation specified in the Alternative

Scenario in all electrically heated dwelling types have been modified to

reflect a uniform 90% level of implementation by 1985 across all residences.

Thereafter these levels rise to the Alternative Scenario levels for 1995.

The implementation levels of all other conservation measures, passive and          i

active, are unchanged in these residences.

..3 .9%-   .  _    Tax credits-are-reflected-for all conservation -programs that fall              1
under the NEP gui.delines, i.e., insulation, storm windows, weather s tripping,  32

-.

solar space heating and solar water heating, to the tax credit levels

.-
.. '1- -   '1-=2: ·"'5:  UAdditionally, as noted previously, sizing the TES to meet peak      '      **  r.54«. '.4     :. 'ILT + rather than average demands (an Alternative.Scenario requirement)  is  not     '.:f :->:. ·'

economically optimum. ... Ai Aj=---
./0,
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specified in the program.  No tax deductions are considered for interest 1   .
*

payments on consumer loans.  Natural gas prices follow levels recommended         . ,
r'..

in the NEP, which are higher than those assumed in the Alternative Scenario,

5.4.1.2  Commercial Sector                                                       *

The assumptions in paragraph 2 of subsection 5.4,1.1  also apply to the

commercial sector with tax credit levels specific to this sector.

The comparison between the 20-year (1976-1995) total residential

and commercial sector costs (in 1976 dollars) in the Alternative Scenario

and the respective costs in the excursion case incorporating the recommendations

of the National Energy Plan are shown in Table 5.4-1.  In the residential sector,

the implementation of the NEP results in a net benefit of $394 million to the

consumers. In contrast, the commercial sector experiences a small cost incre.

ment of about $6 million in the excursion case.  In this sector for the
Alternative Scenario, the implementation of natural gas total energy systems was
a marginally cost-effective measure (by $7.9 million).  This trend is signifi-

cantly reversed when the NEP is implemented (net cost increment of $37.35

million) implying that the increase in natural gas prices inherent in the program

i----illi---- - -----------

TABLE 5.4-1

TWENTY-YEAR TOTAL COSTS IN THE RESIDENTIAL AND COMMERCIAL
SECTORS BEFORE AND AFTER IMPLEMENTATION OF THE

NATIONAL ENERGY PROGRAM IN THE ALTERNATIVE SCENARIO
=7.-.

($10  in 1976 Dollars)f>.14 ---
--r---

------i-i---

Alternative Scenario Net Savings InExcursion Case
L                                (Base Case) Excursion Case

'    Residential 20.452 20.058
     Sector Costs

I.--
Commercial 8.764 8.770
Sector Costs

      Total Costs in Both       p  9::216 - 28.828 0.388
     Sectors Combined .....     *:

-I     . - -
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shi fts the balance.   In the residential sector, the total energy systems_ in-
the Alternative Scenario were not cost effective initially and became less

cost effective following the implementation of the National Energy Plan.

For solar heating systems the NEP tax credits were not sufficient to make

them cost effective in the 20-year analysis period considered here,

5.4.2  Power Plant Scenario

1                                  --    -
In considering the Power Plant Scenario excursion case, only one con-

servation measure recommended in the NEP was implemented.  This measure

was building insulation, which was assumed to be implemented only in

the residential sector.  The impact of the implementation of the NEP in

this scenario results in a cost savings of $535 million as is shown in

Table 5.4-2.

TABLE 5.4-2

TWENTY-YEAR COSTS IN THE RESIDENTIAL SECTOR BEFORE AND AFTER
IMPLEMENTATION OF THE NEP IN THE POWER PLANT SCENARIO

($10  in 1976 Dollars)

Power Plant Net Savings In
Scenario Excursion Case

(Base Case)
Excursion Case

26.462 25.927 0.535

5.4.3  Impact On Cost Difference Between Two Scenarivs

One interesting comparison that can be made between the Power Plant

Scenario and the Alternative Scenario is the difference between the two

scenarios of the 20-year cost streams to the consumers before (base case) t

and after (excursion case) the implementation of the NEP.  This is shown . -1
in Figure 5.4-1. The comparison before the program implementation was

the primary emphasis of this study and has been described in detail

earlier. - --         -- -- 1
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From Figure 5.4-1 it is seen that, in the initial years, th€ implemen-

tation of conservation programs  in  the Al ternative Scenario  in  both  the
excursion and non-excursion cases results in a net cost to the consumers

-

relative to those in the Power Plant Scenario.  However, the cost difference

between the scenarios is smaller in the excursion case.up to 1985 because

of all the tax benefits that accrue to the Alternative Scenario in contrast

to the single tax benefit (i.e., for insulation) in the Power Plant Scenario.

The two cost curves cross over in 1985 reflecting the effect of two trends

in the excursion case:  1)  the cessation of tax benefits beyond this year

tending to increase the conservation costs in the Alternative Scenarioi

2··

-=     ,
*

                                                                                                                              NON.EXCURSION CASE
       +1800 . ,
»1                                                                                                                                       1 NEP

=9 / EXCURSION
/       CASE=S +1400  - ISg                                            /, a.. O

==                                        IM/H                                         /
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359                                      /
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1/ 

/
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-FIGURE  5.4-1.  -ANNUAL COST STREAM  IN THE POWER PLA6IT SCENARIO LESS-ANNUAL  -     ,
COST STREAM IN THE ALTERNATIVE SCENARIO BEFORE IMPLEMENTATION'

OF THE NATIONAL ENERGY PROGRAM (NON-EXCURSION CASE) ANQ
AFTER (EXCURSION CASE)
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and 2)  the increasing impact of energy savings from the implementation

of cost effective insulation in homes in the Power Plant Scenario which lowers

the cost in that scenario.  In other words, the consumers in the Power

Plant Scenario achieve a new energy cost savings with implementing insulation

in their homes that makes the cost difference between the scenarios smaller

than it would otherwise be.  Annual kWh demand in the two sectors in both

scenarios before and after impl ementation  of the National Energy. Plan      i
was presented in Figure 5.1,1. . -2

The net present value of the difference in costs for the two scenarios
is $6.3 billion.  This is almost identical to the cost difference in the

base case.  Given the expected accuracy of making 20-year cost projections,

it can be stated that the NEP had no impact on the net present value of the

cost differences between the two scenarios.  However, in terms of net-

present-valued constant dollars, the difference was $146 million less in

the excursion case than in the base case, sufficiently large to state that

the NEP had a net beneficial impact on the Power Plant Scenario since the

cost di fference between the two scenarios decreased by this amount.

5.5 CONSERVATION PROGRAM .COMPARISON: ALTERNATIVE SCENARIO  AND  THE
NATIONAL ENERGY 'PLAN '

' The Alternative Scenario recommendations for the implementation of

energy conservation measures in the PNW region are similar to those in     ;

the President's National Energy Plan.  In the residential and commercial

sectors, both programs recommend similar passive conservation measures

(i.e., insulation, storm windows, weather stripping).  This is

true  in  the  area of active measures  as well, where, although the near-term

emphasis in the national program is on solar space and water heating,

measures such as heat pumps and: total energy systems are also considdred

as viable options--heat pumps today and TES probably in the 1980s,  The

Alternative Scenario considers all of these as viable in this time period

as well.  Also, both programs are concerned with improving the energy effi-   s

ciencies of appliances, which taken as a whole is the largest energy consuming

category in the residential sector,
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/           In the industrial sector, with the exception of co-generation, neither
program si[se spe't,i fvitt wibtbgregand  stoameas:wrasr fbrplimphoyi h'ge thefafrei«eneg   of

energy utilization.     One maj or difference, however, exists   in this sector
between the two programs.  The Alternative Scenario recommends a rather

drastic change in €Aeindustrial mix as a viable method for reducing the growth

in energy demand.  Even though this recommendation is specific to the PNW, such

an approach does not constitute energy conservation in the spirit suggested

by the NEP.  In this respect it significantly di ffers from the perspective
of the national program where no such industrial mix changes are suggested.

In the analysis addressing the economic impact of the NEP on the Alternative

Scenario, it was not possible to include the industrial sector because of the

lack of specific details concerning conservation measures and related costs.

a      However, even if such data had been available, this fundamental difference

in the outlook of the two programs'would have prevented a meaningful comparison.
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APPENDIX A.

COSTS OF CONSERVATION MEASURES

Conservation measures in the residential and commercial sectors
implemented in the Alternative Scenario and associated capital costs
from the Skidmore, Owings & Merrill study (Reference 4).
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Table  29
CONSERVATION COSTS IN THE

RESIDENTIAL/COMMERCIAL SECTORS
(Reference 4)

(1976 Dollars)_
L ---.".-----*--

2         : CiA., SOM

BUILDING TYPE CONSERVATION MEASURES COST

..

.,--

Single Family Install semiautomatic I. . 11
Residence - Existing night thermostat

2
$103

(1,400 ft ; 3.01 - 3.09 Weatherstrip doors &
people per unit) windows

Insulate ceilings from
3" to 12" (R37)

2 Insulate walls with 3 1/2" $726
of  U.F.   foam                                                         «,

..

3   :  ..,Insulate floors from 1"
to   6"    (R 1 9)

Install storm windows $910

Single Family Install semiautomatic "         $65

Residence - New night thermostat

(1,550 ft2; 3.01-3.09 Insulate ceilings from
people per unit) 4"  to  12"

Insulate walls from 3 1/2"     $539
to 5 1/2"

Insulate floors from 2"       ,
to 6"

Install double glass storm $262
windows insulated glass

.                                .14
Multi-Family Install semiautomatic
Residences - Existing night thermostat

(675 ft2 per apt., Weatherstrip doors and        <$ 83

2.16-2.11 people per windows
unit)                                               0

Insulate· ceilings from  '':
2" to 12" (R37)

 (See Next Page)
-1-

- i 8=22 «
- --.
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CONSERVATION COSTS IN THE
RESIDENTIAL/COMMERCIAL SECTORS

(1976 dollars)

t «
SOM            ''

BUILDING TYPE CONSERVATION MEASURES COST
9

(Continued from previous Insul·ate

walls with 3 1/2"    $180page). of U.F. foam

477 Insulate floors from 1"
:3  ..Il...

to 6"  (R19)

'                        Install storm windows $338

 \- 
'   ..,'

Multi-Family Install semiautomatic $ 65
Residences - New night thermostat

(775 ft2 per apt., Insulate ceilings from
2.16-2.11 people per 4"    to   1 2"       ( R37 )

apt.)-
Insulate walls from 3 1/2"    $171
to   5   1 /2"       ( Rl 9)

Insulate floors from 2"
to 6"  (R19)

Install double glass $101
storm windows

Small office building - Install semiautomatic $3300
· E x i s t i n g night setback thermostat

(1 500 ft2; 74.3 kWh/ Install an all electric $2700
+ :fti/yr) packaged heat pump                                       '

.

[or]

Add single glass sheet $2000
to inside window

lAp                                                                                              -=.5
50                 r

i<

1 '  91
1,
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CONSERVATION COSTS IN THE
RESIDENTIAL/COMMERCIAL SECTORS

(1976 dollars)

-

SOM
BUILDING TYPE CONSERVATION MEASURES COST

-.

I   k :, Small office building -

Install automatic night     jr :45 New setback thermostat
T . >'I.-\:.

(1 500 ft2; 74.3 kWh/ Decrease glass area from     -
fti/yr.) 33% to 25% and install

double glazing

Insulate walls reducing
U value from .15 to .08 $5500

Insulate roof reducing U
value from .10 to .05

Add high performance edge
insulation to floor,
reducing from 40 to 25
Btuh the U value (per
lineal foot)

Install a heat pump $2700

Large office buildings - Install timer and optimizer $5000
Existing controls on mechanical

equipment
(5Q,000 ft2; 84.7 kWh/
ftd/yr·) Install chiller with heat   1

recovery system

Modify constant air .$35000
distribution system to
variable-air-volume

e
Install double glazing or  'FRX storm windowsA'.-4 ,$50000

1...ip

Insulate walls

C'30

4*..i.. r.-,---».
1»-=27:
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CONSERVATION COSTS IN THE
RESIDENTIAL/COMMERCIAL SECTORS

9

(1976 dollars)

...

P                        
       -- ... -.3ti -- 3 . SOM

BUILDING TYPE   CONSERVATION MEASURES COST
,/S.&.f-\ 4 .   0.-3

Large office building - Install timer and optimizer
New controls on mechanical                           i

equipment
(5Q,000 ft2; 84.7 1 Wh/
ftd/yr·) Install chiller with

storage tank & heat
recovery system $65,000

Install variable air
volume distribution
system

Use tinted glass & inside
window shades

Retail buildings - Adjust dampers to reduce $15,000 (?)
Existing outside air ventilation

rate ffom .10 to .075 cfm·,
(5 ,000 ft2; 72

kWh/ per ft
ft /yr/)

Modify HVAC units to use $25,000
fresh air for cooling when
outside temperatures are
suitable

Install double glazing or   1
storm windows

   $21,000Insulate walls

Retail Buildings - Recover heat from
New refrigeration compressors

(5 ,000 ft2; 72
kWh/ Use double glazed windows

ft /yr.) & window shading
$35,000

40% to 20% - building

Reduce glass area from

front wall

Lower ceiling height from
20 to 12 ft

.,/
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CONSERVATION COSTS IN THE
RESIDENTIAL/COMMERCIAL SECTORS

Cl
(1976 dollars)

NZ '.

.*

SOM
BUILDING TYPE  U  CONSERVATION MEASURES COST

 1 School buildings -

Install double glazing or        Existing storm windows

  $21,600

1 4          (4E,000 ft2; 20.1 kWh/ Insulate walls)                           ftd)

School Buildings -
(see (Reference 4)             $0

-7 -.D

Other Commercial Low capital cost conser- $5,495Buildings - Existing vation systems (average
of three previous building

(3Q,750 ft2; 42.6 kWh/ types)ft£/yr.1

High capital cost conser- $15,555
vation actions (averageof three previous building .
types)

'   Other Commercial Comply  wi th ASHRAE 90-75 $825Buildings - New standards (average of
four building types
analyzed)

Actions in addition to $20,873
ASHRAE 90-75 (average of
office & retail building
types)

 ---- 1 leI

I-, 096-9

...... -. k 4: rk.C T-X-,h A-6 1.    -     - »S- ..361
4.·44.=-194

/4 0 .kii- .   .. -,-1., ss·2     ... t.3-V,&,3.»
b. » 1. 4-  . i.'.. 1 -16..\.1re \ ·.   4 -

7.-ts- 53     2 ..8:,1..       ...4        _ / _ I ..2/
; -=- -1.b-'\4 3

1                                                                                                                                                                                                                                                   -



APPENDIX B

SOLAR SYSTEM DATA

This appendix presents the data supporting the size of the solar

collector required to provide 60% of the space heating requirements .:..
..in residential dwelling units. ,Table. 1 sizes the collector for new· ·-

single-family dwellings and :Table ·1 sizes the collector for new

multifamily dwellings.  For regional monthly average heating degree-day

and insolation data see Appendix E.
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Table 1.

SOLAR COLLECTOR REQUIREMENTS FOR A SINGLE-FAMILY DWELLING (>76) AFTER
IMPLEMENTATION OF PASSIVE CONSERVATION

(Assumes 225 ft2) ---1
-

f Monthly Collector

Average Heat Load Incidence Useful Heat

l Month HOD (x 106 Btu) (x 106 Btu) -L (x 106 Btu) Supplemental Heat

 
January 896 5.56 2.57 .467 1.20 4.36

February 675 4.19 4.65 .476 2.21 1.98

March 660 4210 7.72 .483 3.73 0.37

April 447 2.78 11.2 .409 4.58

May 258 1.60  14.16 .244 3.46

i, June 116.3 .72 13.70 .324 4.44                   -
''' ' July 34.7 .21 15.44 .454 7.01                     -

August 41.7 .26 14.16 .417 5.91                      -

September 123 .75 9.96 .439 4.37

1 

October .361.7 2.24 6.44 .457 2.94                     -

November 627 3.89 3.74 .471 1.76 2.13

 

December 814.3 5.06 2.57 .462 1.19 3.87
31-3* TETr (40'5%)

Provides 59.5% of Heat Load

*May- not  add  due to rounding.

j ...

.-- ···--  -- ---  --1
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Table  2.           -2--i/-

SOLAR COLLECTOR REQUIREMENTS  FOR A MULTIFAMILY. DWELLING  (> 76) AFTER
IMPLEMENTATION OF

CONSERVATI.ON           ___-__ (Assumes 95 ft2)

'

Monthly Collector
1· Average Heat Load Incidence Useful Heat-'  ' Month HDD (x 106 Btu) (x 106 Btu) -L (x 106 Btu) Supplemental Heat

1 January 896 2.26 1.09 .467 .50 1.76

  February 675 1.70 1.96 .476 .93 0.77
1 March 660 1.66 3.26 .483 1.57 O.09

April 447 1.13 4.73 .409 1.93                      -

May 258 .65 5.98 .244 1.46                      -
'·· June 116.3 .29 5.79 .324 1.88
.'

July 34.7 .09 6.52 .454 2.96                      -

August 41.7 .10 5.98 .417 2.49

September 123 .31 4.21 .439 1.85

October 361.7 .91 2.72 .457 1.24                    -

November 627 1.58 1.58 .471 0.74 0.84

December 814.3 2.05 1.09 .462 0.50 1.55
'2.73* 5.01 (39.4%)

Provides 60.6% of Annual Heat Load

*May  not  add  diie to rounding.

C               
            ;
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APPENDIX C

TES DATA

This appendix presents the data upon which the size and cost of fuel

cell total energy systems (TESs) determined for implementation in the

residential sector were based.

Table 1 presents the data required to compute the peak electricity

demand from (non-space heating) appliances in the residential sector.

Table 2 presents the data regarding the amount of supplemental space

heating required as back-up for a fuel cell TES in a new single-family

dwelling.  Table 3 presents similar data for a new multifamily dwelling.

Table 4 presents the cost data for both new single-family and multi-

family dwellings for fuel cell TESs.
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Table.1.

. -.                                                FUEL  CELL TES CAPACITY.
IREQUIREMENTS   

..
.

AVERAGE kw ELECTRICITY DEMANDl SYSTEM
-

AT SYSTEM PEAK

PEAK/AVERAGE

 

RATIO AT PEAK APPLIANCE DEMAND (kw)

APPLIANCE 1985 1995 PEAK2 1985 1995

-I

Water Heater 0.427 0.401 2.215 0.946 0.888                      ,   i

Lighting 0.161 0.146 .97 0.156 0.142  -' ./

Refrigerator 0.081 0.079 7.33 0.594 0.579     i
Range 0.119 0,113 3.19 0.380 0.360     '
TV Color 0.028 0.028 3.19 0.089 0.089
,TV B&W 0.019 0,019 1.00 0.019 0.019
Freezer

Clothes Dryer   

Clothes Washer   0.504 0.548 0.47 0.237 0.258Dishwasher

Air Conditioner

Miscellaneous
-                                                                                                13                                                                                                         -2.42 2.34

Bef»_»«-3
2Average kw is based on 8760 hours/year.

4||    for all other appliances is assumed in the Alternative Scenario to remain invariant with time.
Except for water heating where the ratio increases slightly between 1985 and 1995, the ratio

See Reference 3 , Table 35, p. 162.  The high ratio shown for refrigerators is very likely in       \4     error.
i-
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Table 2.

FUEL CELL WASTE HEAT PREDICTION FOR SF >76   
1                            (Peak Demand 2.4 kWe)/ C

AVERAGE
USEFUL MONTHLY

THERMAL
HOURLY POWER DEMAND          *                                   DEFICIT 

MONTH FROM FUEL CELL OUTPUI HEATING LOAD

(kw) Tin-ot Btu) (x 106 Btu) (x 106 Btu)

JAN 2.40 6.29 5.56

FEB 1.20 3.14 4.19 1.05

MARCH 1.20 3.14 4.10 0.96

APRIL 1.07 2.80 2.78               -

MAY 1.07 2.80 1.60               -

·- JUNE 1.07 2.80 0.72                -

JULY 1.07 2.80 0.21                -

AUG 1.07 2.80 0.26
'

SEPT 1.07 2.80 0.75               -             i

OCT 1.20 3.14 2.24               -

NOV 1.20 3.14 3.89 0.75

DEC 2.40 6.29 5.06                -

6                     6
31.40 x 10 Btu 2.76 x 10 Btu

1                                                                                                              1

'-
*
Assumes 70% of waste heat captured  as useful heat.  Fuel cell efficiency
is 40%.

---   -

f (-3
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2  Table 3.
. =----1

--I- I.  1-  - -

FUEL CELL WASTE HEAT PRODUCTION FOR MF >76

(Peak Demand = 2.4 kWe)

1,
AVERAGE USEFUL

HOURLY.POWER DEMAND  THERMAL
MONTH FROM FUEL CELL OUTPUT '

-

HEATING LOAD DEFICIT

(kw)             6 "(x 10 .Btu) (x 106.Btu) (RO106 Btu)

JAN 2.4 6.29 2.26

FEB 1.2 3.14 1.70

MARCH 1.2 3.14 1.66

APRIL 1.07 2.80 1.13

MAY 1.07 2.80 .65

JUNE 1.07 2.80 .29

JULY 1.07 2.80 .09

AUG 1.07 2.80 .10

SEPT 1.07 2.80 .31

OCT 1.20 3.14 .91

NOV. 1.20 3.14 1.58

DEC 2.4 6.29 2.05

---

12.73

'.

.... -.-
9-

917 0%'
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4     Table 4.

CAPITAL COSTS FOR FUEL CELL TES

IN THE RESIDENTIAL SECTOR

(Based on 2.4 kWe Installed Capacity)

I.    TOTAL COSTS

COMPONENT :< UNIT COST TOTAL CAPITAL COST

1981-1985 1986-1995 1981-1985 1986-1995

2.4 kWe $277/kWe $200/kKe
$665 $480

Fuel Cell -.-

Heat X'changer $90/kWe $90/kWe $216 $216

Heating Element $200 $200 $200 $200

$1081 $896

II. INCREMENTAL COST FOR SF >76

Conventional Heating,
-845 -845

System Cost
ACapital Cost $ 236 . $ 51

III. INCREMENTAL COST FOR MULTIFAMILY >76
(No heating element)

Fuel Cell TES Cost 881 696

Conventional Heating
..Sy-ftem. Cost -343 -343

ACapital Cost $538 $353

*prorated to SF>76 based on heat load (40.54% of SF>76)

G
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APPENDIX D

SOLAR WATER HEATER SYSTEM DATA

This appendix presents the data supporting the size requirement assumed

for a solar water heating collector which provides 60% of the annual water

heating requirements of a typical residential dwelling in the PNW.  For

regional monthly average insolation data, see Appendix E.

D-1
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Table,1.

SOLAR COLLECTOR REQUIREMENTS <
FOR RESIDENTIAL.WATER HEATING

(Assumes 60 ft2)

HEA·T LOAD
COLLECTOR

\ MONTH (x 106 Btu)                      n      USEFUL HEAT SUPPLEMENTAL HEATINCIQENCE
.+ (x 10v Btu)

January 2.24 .65 .467 .29 1.95

February 1.11 1.18 .476 .53 .58

March 1.11 1.95 .483 .89 .22

April .50 2.84 .409 1.16                -

May .50 3.57 .244 .87

June .50· 3.46 .324 1.12                -

July .50 3.90 .454 1.77

August .50 3.57 .417 1.49                -

September .50 2.51 .439 1.10

October 1.11 1.62 .457 .70 .41

<

November 1.11             .93       .471          .42                 .69

December 2.24 .65 .462 .29 .80

11.96 4.65  (39%)

Provides 61% of annual heat load.

7
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APPENDIX E

HEATING DEGREE-DAY AND INSOLATION DATA

This appendix presents the basic climatelogical data used in the

solar and fuel cell TES sizing calculations.  Table 1 presents monthly

heating degree-day data for three major cities in the PNW. Table 2

presents daily and monthly average solar insolation data for the PNW

region as a whole.

E-1
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Table 1.

HEATING DEGREE DAY DATA*FOR THREE MAJOR CITIES IN THE PNWd,

C-L/.
Boise, Idaho Portland, Oregon Seattle, Washington Av.

Month HDD HDD HDD HDD

January 1116 834 738 896

1 February 826 622 574 675

March 741 598 592 660.3

April 480 432 429 447

May 252 264 258 258

June            97 128 124 116.3

July             0                 48                    56              34.7

August          12                 56                    57              41.7

September 127 119 123 123A.
(6/ October 406 347 332 361.7

November 756 591 534 627

December 1020 753 670 814.3

Total                                                       ·               5055

-1_                -
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Table 2.

MONTHLY AVERAGE INSOLATION DATA FOR THE PNW REGION

1,2 Daily, Month13
Month Langleys Btu/ft= Btu/ft

January 100 369 11,439

February 200 738 20,664

March 300 1107 34,317

April
450 1660 49,800

May 550 2030 62,930

June 550 2030 60,900

July< 11
'..g..1 600 2214 68,634

. t
August ' .»  # -/ 550 2030

' 62,930
.--

September 400 1476 44,280

October 250
- 922.5 28,596

November 150 553.5 16,605

December 100
· 369 11,439

Average: 350 1291

Total 4200 1.55 x 106

1Climatic Atlas of the United States, U.S. GPO, 196
8.

,

21 Langley = 3.69 Btu/ft2/day.
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Table 3.

EXPECTED SOLAR HEATING DELIVERED TO AN AVERAGE
COMMERCIAL BUILDING IN.THE P8CIFIC NORTHWEST REGION

1

(Assuming 50,000 ft2 Collector)                          |
.

S
A

f-           4,
1.---1

Month
-

HDD Heat Load Insolation 9      Useful Heat Deficit (If Any)
(x 106Btu) (x 1068tu) (x 1O6Btu)

'; January 896 858.5 571.9 .467 267.1 591.4
i February 675 646.8 1033.2 .476 491.81                                                                                                                                        155.0, March 660 632.4 1715.8 .483 828.7

A ril 447 428.3 2490.0 .409 1018.4
 t    May 258 247.2 3146.5 .244 767.7

June 116.3 111.1 3045.0 .324 986.6
July 34.7 33.2 3431.7 .454 1558.0
August 41.7 40.0 3146.5 .417 1312.1

September 123 117.8 2214.0 .439 971.9
October 361.7 346.6 1429.8 .457 653.4
November 627 600.8 830.3 .471 391.1 209.7
December

'

814.3 780.0 572.0 .462 264.3 515.7
4843.6 1471.8

% Heating Load = 69.6%  or  3371.1 x 106 Btu per year.
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