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1 1. QUALIPICATIONS 

2 

3 Q: Mr. Marcus, please state your name, occupation, and business __ 

4 address? 

5 A: My name is William B. Marcus. I am the principal economist for 

6 JBS Energy, Inc., an energy economics and engineering consulting 

7 firm. My business address is 311 0 street, West Sacramento, 

8 California. 

9 Q: Mr. Marcus, would you briefly summarize your education and 

10 professional experience? 

11 A: I graduated from Harvard College with an A.B. magna cum laude 

12 in economics in 1974, and was elected to Phi Beta Kappa and 

13 received an M.A. in economics from the university of Toronto in 

14 1975. 

15 From 1975 to 1978, I prepared economic studies of energy, 

16 water resources, environmental, and urban policy issues as a 

17 research analyst at the Kennedy School of Government, Harvard 

18 University. 

19 From July, 1978, through April, 1982, I served as an 

20 economist at the California Energy Commission (CEC), first in 

21 the hydroelectric and cogeneration development program and later 

22 as a senior economist in the CEC's Executive Office. My 

23 responsibilities included preparing testimony on purchased power 

24 pricing policy for the California Public Utilities commission 

25 (CPUC) and economic studies of the cost-effectiveness of 

26 alternative energy resources and utility conservation programs; 

27 managing CEC interventions in utility rate cases; evaluating 



1 power pooling options, and publishing numerous technical papers 

2 and reports. 

3 From April, 1982, through June, 1984, I was theprin.tpal 

4 economist at California Hydro Systems, Inc., an alternative 

5 energy project consulting and development company. In this 

6 position, I prepared financial analyses of specific projects, 

7 assisted developers in negotiating utility contracts, and 

8 provided consulting services on utility economics and resource 

9 planning for a number of clients. 

10 In July, 1984, I became the principal economist for JBS 

11 Energy, Inc., an energy economics and engineering consulting 

12 firm. In this position, I am responsible for the company's 

13 economics consulting practice and supervise two other 

14 economists. 

15 My resume is attached. 

16 Q: Mr. Marcus, have you testified previously in regulatory 

17 proceedings? 

18 A: Yes. I have testified before the California Public utilities 

19 Commission on many occasions on issues including avoided costs, 

20 conservation program design, utility finances and resource 

21 planning, valuation of environmental impacts of electricity and 

22 gas use, power sales contracts between utilities and subsidiary 

23 companies, other revenue issues, and electric and gas rate 

24 design. I have also prepared testimony and formal comments 

25 submitted to the Federal Energy Regulatory Commission, the 

26 Bonneville Power Administration, the US Bureau of Indian 
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1 Affairs, legislative committees in ontario and California, the 

2 California Energy Commission, the Sacramento Municipal utility 

3 District, the Transmission Agency of Northern California" and __ 

4 regulatory commissions in Alberta, Colorado, Connecticut, the 

5 District of Columbia, Hawaii, Massachusetts, New Mexico, North 

6 Carolina, Nova Scotia, Oregon, South Carolina, utah, and Vermont 

7 on issues including resource planning, load forecasting, 

8 transmission line need and cost-effectiveness, avoided cost, and 

9 electric and gas cost of service and rate design. A complete 

10 list of testimony and formal comments is included in my resume. 

11 Q: will you outline your experience relating to Canadian energy 

12 issues? 

13 A: I have significant experience as an analyst of Canadian utility 

14 issues. Prior to being retained by the Grand Council of the 

15 crees to review the Hydro-Quebec system, I conducted significant 

16 analyses of the power systems of Alberta, Ontario, and Nova 

17 Scotia. I have also done some work related to BC Hydro. 

18 I previously testified before the Alberta Public utilities 

19 board and Alberta Energy Resources Conservation Board in their 

20 joint inquiry on small power production, which entailed a review 

21 of the resource plans and costs of the Alberta Interconnected 

22 System (AIS). I have subsequently testified before the Alberta 

23 PUB on two occasions on economic issues relating to cost-of-

24 service calculations and on production cost modeling of the AIS. 

25 I testified before the Nova scotia Board of Public utilities 

26 Commissioners regarding the Nova Scotia Power corporation I s 
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1 (NSPC's) application to build the Trenton 6 coal plant and filed 

2 testimony before the Board regarding the Point Aconi 1 coal 

3 plant. That testimony was not considered due to passa. of 

4 legislation which removed the Board's authority over the plant. 

5 I filed formal comments in January, 1990, before the Nova scotia 

6 Environmental Control Council regarding Point Aconi 1. I also 

7 prepared a report on the NSPC's long run avoided costs which was 

8 jointly funded by NSPC and the Small Power Producers Association 

9 of Nova Scotia. 

10 with regard to ontario Hydro, I served as a researcher for 

11 one of the members of the ontario Ministry of Energy's Technical 

12 Advisory Panel in 1988. I was later retained by the ontario 

13 Legislature's 1988 Select Committee on Energy to provide 

14 testimony regarding supply planning issues affecting ontario 

15 Hydro. 

16 I also analyzed the proposed Site C dam in British Columbia 

17 and related transmission projects as part of my work on long-

18 run power supply costs of the California utilities. I have also 

19 testified before the California Energy Commission regarding the 

20 availability of nonfirm energy to California from BC Hydro and 

21 the AlS. 

22 Q: Have you authored any publications on ratemaking issues? 

23 A: Yes. Publications and major reports which I have prepared on 

24 utility resource planning and costs, valuation of environmental 

25 externalities, conservation programs, and various other 

26 planning, ratemaking, and cost allocation issues are listed in 
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1 my resume. I have also prepared the economic and policy 

2 portions of a large number of briefs, proposed orders, and other 

3 pleadings filed in utility proceedings. 

4 Q: Mr. Goodman, please state your name and business address. 

5 A: My name is Ian Goodman. My business address is The Goodman 

6 Group, 18 Tremont Street, Boston, Massachusetts. 

7 Q: Mr. Goodman, would you please briefly summarize your profes-

8 sional education and experience? 

9 A: I received an S.B. degree from the Massachusetts Institute of 

10 Technology in June, 1977, from the Civil Engineering Department, 

11 with a concentration in Transportation Systems. As a Researcher 

12 at the Massachusetts Institute of Technology, I participated in 

13 several projects relating to freight transportation policy and 

14 

15 

regulation. My work included development of regional 

commodity price-indices for the trucking industry. 

and 

16 As a consultant to start-up software firms, I have advised 

17 clients on a wide variety of strategic planning issues. My work 

18 included negotiation of agreements concerning software 

19 publishing and distribution, ownership rights of principals, and 

20 office leases. 

21 As a Principal of The Goodman Group, and a Consultant to 

22 Salgo & Lee, Analysis and Inference, Inc., and PLC, Inc., I have 

23 advised a variety of clients on utility matters. My work has 

24 considered, among other things, the need for, cost of, and 

25 cost-effectiveness of generation, transmission, and conservation 

26 options; retrospective review of supply planning and other 
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1 management decisions; review of demand forecasts; development 

2 of regulations for least-cost planning; and economic damages 

3 arising from power plant outages. I have also advised c~nts 

4 on ratesetting for towing services and statistical estimation 

5 of fuel oil overbilling and theft of parking meter and transit 

6 revenue. My resume is attached to this testimony. 

7 Q: Have you advised any regulatory commissions concerning utility 

8 matters? 

9 A: Yes. I was a technical agent to the District of Columbia Public 

10 Service commission in Docket No. 834, Phase II, which initiated 

11 a least-cost planning process for electric and gas utilities. 

12 My work included preparation of proposed orders and 

13 participation in commission deliberations. 

14 Q: Mr. Goodman, have you testified previously in regulatory 

15 proceedings? 

16 A: Yes. I have testified before the vermont Public Service Board 

17 and the Massachusetts Department of Public utilities. A 

18 detailed description of my previous testimony is included in my 

19 resume. 

20 Q: Have you authored any publications on utility issues? 

21 A: Yes. I have co-authored several reports concerning supply 

22 planning, conservation potential, fuel switching, and rate 

23 design. These publications are listed in my resume. In 

24 addition, I have prepared portions of briefs and proposed 

25 orders. 

26 Q: Mr. Marcus and Mr. Goodman, have you testified previously 
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1 concerning the power sales agreements that are the subject of 

2 the current proceeding before the National Energy Board? 

3 A: Yes. We have testified jointly before the Vermont PubliclL 

4 Service Board concerning the power sales agreement between HQ 

5 and the Vermont Joint OWners ("VJO") that is being considered 

6 in the current proceeding. 
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1 2. INTRODUCTION 

2 

3 

4 

2.1 OVerview of Testimony 

5 Q: How have you structured your testimony? 

6 A: In section 2.2, we describe the proposed contracts between 

7 Hydro-Quebec ("HQ") and Vermont Joint Owners ("VJO") and New 

8 York Power Authority ("NYPA"). In section 3, we analyze the HQ 

9 power supply associated with the VJO and NYPA Contracts. This 

10 analysis includes a consideration of the effects of these 

11 contracts on HQ system planning and operation, including 

12 reliability and adequacy of supply issues. 

13 Alternatives to HQ's proposed plans for power supply are 

14 addressed in section 4. We evaluate the potential for reducing 

15 Quebec electricity requirements through conservation and for 

16 adding to Quebec electricity supply with sources such as non-

17 utility generation. Development of these alternatives could 

18 significantly reduce the cost and environmental effects of 

19 meeting Quebec's current and future electricity requirements. 

20 Approval of the VJO and NYPA Contracts will delay and otherwise 

21 hamper the development of these alternatives. Thus, this 

22 section serves to establish the potential costs and 

23 environmental effects of electricity supply for a scenario where 

24 the VJO and NYPA Contracts are rejected, and thereby the 

25 potential costs and environmental effects of the Contracts. 

26 section 5 examines the acid rain, greenhouse, and some other 
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1 environmental effects relating to the contracts. The economics 

2 and profitability of the VJO and NYPA Contracts are analyzed in 

3 Section 6. In Section 7, we summarize the conclusions o( our ~ 

4 testimony. 

5 

6 2.2 Description of the VJO and NYPA contracts 

7 Q: Could you describe the VJO Contract? 

8 A: 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

In the current proceeding, Hydro-Quebec ("HQ") is seeking an 

export license for sale of firm power and energy to twenty-four 

Vermont electric utilities (IIVermont Joint Owners" or "VJO"). 

Under the agreement between HQ and VJO ("VJO Contract"), the 

available capacity, commencement date, and term of purchase are 

specified in several schedules. Under Schedule A, Participants 

are obligated to take or pay capacity plus energy at a minimum 

annual load factor of 50% and a maximum annual load factor of 

80%. Under Schedules Band C, Participants are obligated to 

take or pay capacity plus energy at an annual load factor of 

75%.' Schedule C includes some special provisions. First, it 

is divided into several sub-schedules. Second, the available 

capacity was offered to the individual Vermont Joint Owners, who 

then elected" specific amounts. Third, a portion of the capacity 

sale in Schedules C-2, C-3, and C-4 is cancellable upon prior 

notice of the Vermont Joint Owners. 

24 'The VJO Contract includes prov1s10n for modification of the 
25 annual load factor within a set range, for a limited number of 
26 years. The Contract also includes provisions for deficiency 
27 charges and rescheduling of undelivered energy. 

- 9 -



1 Table 2.12 summarizes the annual capacity sales under each 

2 schedule, assuming no exercise of the VJO's rights to cancel 

3 under Schedule C. Table 2.2 calculates the energy"purcNases 

4 associated with the Table 2.1 capacity purchases. 3 Tables 2.3 

5 and 2 .4 present the annual capaci ty and energy purchases 

6 assuming maximum cancellation under Schedule C. Table 2.5 

7 computes the reduction in annual energy purchases that would 

8 result from maximum cancellation. The deadlines for exercise 

9 of the cancellation provision are described in Table 2.6. 

10 Q: Could you describe the NYPA Contract? 

11 A: In the current proceeding, Hydro-Quebec (IIHQII) is seeking an 

12 export license for sale of firm power and energy to the New York 

13 Power Authority ("NYPA"). Under the agreement between HQ and 

14 NYPA ("NYPA Contract N r , ... the available capacity, commencement 

15 date, and term of purchase are specified in two blocks. Under 

16 Blocks A and B, NYPA is obligated to take or pay capacity plus 

17 energy at an annual load factor of 75t. 4 A portion of the 

18 capacity sale, to be apportioned equally to each block, is 

19 cancellable upon notice by NYPA prior to December 31, 1991. 

20 Table 2.7 summarizes the annual capacity sales under each 

21 2All tables and figures referred to in this testimony are 
22 contained in attachments at the back of this testimony. 

23 3A 75t load factor is assumed for Schedules Band C. An 80t 
24 load factor, the contractual maximum, is assumed for Schedule A. 

25 4The NYPA Contract includes provision for modification of the 
26 annual load factor within a set range, for a limited number of 
27 years. The Contract also includes provisions for deficiency 
28 charges and rescheduling of undelivered energy. 
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1 block, assuming no exercise of NYPA's rights to cancel. Table 

2 2.8 calculates the energy purchases associated with the Table 

3 2.7 capacity purchases. Tables 2.9 and 2.10 present the annual 

4 capacity and energy purchases assuming maximum cancellation. 

5 Table 2.11 computes the reduction in annual energy purchases 

6 that would result from maximum cancellation. 

7 Q: Could you briefly describe the role of the VJO and NYPA 

Contracts in the systems of the purchasing utilities? 8 

9 A: 

10 

11 

12 

13 

14 

15 

i6 

17 

The VJO Contract will provide a very large part of Vermont's 

electricity requirements. Furthermore, Vermont is already 

purchasing substantial quantities of capacity and energy from 

HQ under six existing contracts. Table 2.12 summarizes the 

energy sales associated with these contracts. 5 Table 2.13 

calculates the size 'of'tlhe existing and proposed contracts as 

a percentage of Vermont load, and Figure 2.1 presents this data 

graphically.6 with the eXisting and proposed contracts, Vermont 

will be relying on HQ for 40-50' of its energy requirements 

18 5We have limited our response to contracts between Vermont 
19 entities and HQ. Thus, we have not included the contracts between 
20 NEPOOL and HQ, even though they make use of facilities within 
21 Vermont. OWing to its very small size, the Vermont Marble contract 
22 is also omitted from Table 2.12. The Vermont Marble contract is 
23 also omitted from the listing of export contracts in the HQ 
24 Development Plan (HQ, 1989b). 

25 6The forecast of Vermont energy and peak demand utilized in 
26 Table 2.13 is the Base Case from DPS (1988). A more recent 
27 forecast prepared for the Vermont DPS is somewhat higher, which 
28 would reduce the percentage of Vermont load aupplied by HQ. 
29 However, expanded development of Vermont conservation potential may 
30 reduce future loads to the level of the DPS (1988) forecast, or 
31 -wrhaps even lower. 
32 • 
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1 throughout the 1990s. Even if the Vermont Joint Owners exercise 

2 all of their cancellation options under the VJO contract, 

3 Vermont's reliance on HQ will remain above 35%. 

4 The Vermont Joint owners are members of the New England 

5 Power Pool (NEPOOL). NEPOOL makes substantial purchases from 

6 HQ, and some NEPOOL members outside of Vermont also purchase 

7 energy from HQ. Based on the proposed VJO and existing 

8 contracts, NEPOOL will be relying upon HQ for about 7-9% of its 

9 energy supply during the 1990s. 

10 Power from the NYPA contract will be resold to three 

11 investor-owned-utilities in New York,7 as well as to retail 

12 governmental customers in the southeastern portion of the state. 

13 NYPA also purchases significant quantities of energy from HQ 

14 under two existing contracts. Furthermore, HQ and NYPA have 

15 agreed to an additional purchase by NYPA of 800 MW and 3 TWh of 

16 seasonal (April to October) capacity and energy for a twenty 

17 year period commencing in 1999. Based on the proposed and 

18 existing contracts, New York will be relying upon HQ for about 

19 7% of its energy supply at the end of the 1990s. 

20 7The NYPA Contract identifies these utilities as Consolidated 
21 Edison ("Con Edison"), Long Island Lighting ("LILCO"), and Orange 
22 and Rockland. 
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1 3. POWER SUPPLY POR THE VJO AND NYPA CONTRACTS 

2 

3 3.1 OVerview 

4 Q: How have your structured your analysis of the power supply 

5 associated with the VJO and NYPA contracts? 

6 A: Owing to the length and complexity of our analysis of HQ hydro 

7 system planning and operation, we have placed this material in 

8 Appendix B. In section 3.2, we discuss the effect of exports 

9 on HQ's planning process for new supply additions. 

10 

11 3.2 Effects of Exports on HQ's Planning for New Supply 

12 

13 Q: What are HQ's plans to serve export loads in the long term? 

14 A: According to its 1989 Development Plan and its Testimony in this 

15 proceeding, HQ plans to advance construction of a number of 

16 hydroelectric projects, beginning with the Grande Baleine 

17 project, which would be advanced by six years from 2004 to 1998. 

18 Q: How will increased export loads affect HQ's system planning? 

19 A: They will decrease system flexibility to respond to uncertainty 

20 and to changes in resource economics. As a general rule, when 

21 there is uncertainty, making a decision later is economically 

22 preferable to making a decision earlier (all else being equal). 

23 An earlier decision must rely upon the limited amount (and 

24 quality) of information that is then available; a later decision 

25 will have the benefit of the increasing amount (and quality) of 

26 information that becomes available over time. In other words, --
- 13 -
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1 to the extent that uncertainties (in supply options and costs, 

2 demand, and/or environmental effects) are significant, 

3 information has an economic value and maintaining the 

4 flexibility to make decisions based on more information has an 

5 economic value. Thus, the loss of flexibility resulting from 

6 high export loads entails an economic cost to HQ, which to our 

7 knowledge is not included in its analyses of the profitability 

8 of exports. 

9 Q: What are the greatest uncertainties facing HQ and other electric 

10 utilities? 

11 A: utilities must evaluate a number of risks in their planning 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

processes. 

categories: 

These risks can be categorized broadly into four 

1. Changes in demand that can create excess capacity or 

capacity shortfalls. 

2. Changes in fuel prices that would cause shifts in the amount 

and type of demand and supply options which are economic. 

3. Changes in capital costs, nonfuel operations and main

tenance costs, env ironmental mitigation costs, and the 

amount and cost of residual unmitigated environmental 

effects of various demand and generation options that would 

shift the amount and type of demand and supply options which 

are economic. 

4. "Common mode failure" resulting from heavy reliance on a 

single technology so that events affecting that technology 

can have drastic effects on an electric utility. 

- 14 -
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1 The most important uncertainties for HQ involve sensitivity to 

2 demand being higher or lower than forecasted, sensitivity to 

3 delays in large, complex supply projects, sensitivity to capital 

4 costs and environmental effects and costs of large complex 

5 supply projects, and the availability and cost of demand 

6 management. with respect to HQ, fuel prices are less important 

7 in long-run planning than for most utilities, and common mode 

8 failure issues (i.e., droughts) are of concern with respect to 

9 HQ's margin of maneuver and reservoir storage levels, which are 

10 discussed in Appendix B. 

11 Q: Does HQ recognize issues of flexibility? 

12 A: In its Development plan, HQ recognizes the need to preserve 

13 flexibility, but only with respect to finding it reasonable to 

14 spend money early to preserve its options to respond to high 

15 load growth. 

16 Q: will you discuss the interaction between exports and load growth 

17 uncertainty? 

18 A: Higher export loads would make it more difficult for HQ to 

19 respond in a cost-effective manner to changes in load growth 

20 from its target scenario, regardless of whether loads are higher 

21 or lower than expected. Most importantly, increased export 

22 loads are extremely likely to lead to earlier commitment of new 

23 hydro projects to meet those loads than would be required in the 

24 absence of exports, given HQ's existing relatively limited state 

25 of knowledge and capability to deliver demand management 

20... prc;grams. 

- 15 -
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1 Q: In the event of loads lower than the target scenario, will you 

2 explain how early commitment to new hydroelectric development 

3 would result in higher costs to HQ domestic customers? 

4 A: Early commitment to new hydro would in turn lead to early 

construction which then cannot be slowed down easily in the 5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 
25 
26 
27 
28 

event of lower than expected load growth. 

For example, Grande Baleine must be committed soon for an 

in-service date of 1998, which is required to meet export loads. 

without the VJO and NYPA contracts, the in-service for Grande 

Baleine would be deferred to 2004. The early commitment has a 

significant probability of imposing an extra economic cost on 

HQ ratepayers in the event that the demand is lower than the 

target scenario. If weak provincial demand occurs, the project 

might not be needed until significantly later than 1998, even 

with export loads. However, the early commitment to build the 

plant would reduce HQ's ability to adjust its construction 

schedule if, for example, weakening demand appears four years 

from now in 1994, so that the plant would no longer be needed 

in 1998. Under those conditions, HQ ratepayers8 would likely 

be paying for excess capacity. 

This scenario can be contrasted to what would occur if there 

were no exports, and the plant were instead needed in a base 

case scenario beginning in 2004, six years later. The decision 

~Q is a Crown Corporation. The economic performance of HQ 
affects the people of Quebec both as electricity consumers and as 
citizens. '!hus, in this testimony, we use the the term "HQ 
ratepayers" ~n a broad sense which includes HQ's customers within 
Quebec as well as its shareholders, the people of Quebec. 
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1 to commit to the plant would not be immediate but would instead 

2 be about six years away (although earlier commitment could be 

3 arranged in the event of high load growth). Over the next six 

4 years, HQ would be in a better position to know whether its load 

5 forecast is following average or weak growth. If weak growth 

6 develops in 1994, HQ could delay commitment to the plant, 

7 delaying its on-line date, without significant expenditures of 

8 construction funds, reducing the risk and attendant costs of 

9 excess capacity. 

10 Q: What happens in the event of higher than expected load growth? 

11 A: Exports again reduce HQ's planning flexibility to respond. A 

12 high load growth scenario with exports requires much more rapid 

13 advancement of new hydro under the policies expressed in HQ's 

14 development plan than would a high load growth scenario without 

15 exports. This more rapid advancement of projects will increase 

16 the costs of serving the contracts in the long run, with these 

17 extra costs being borne entirely by HQ ratepayers. Moreover, 

18 in the short to intermediate term, high load growth could impair 

19 system reliability and/or increase HQ's fossil generation, both 

20 of which increase costs to HQ ratepayers. 

21 Q: What do you conclude? 

22 A: An extensive export program reduces HQ's flexibility to respond 

23 to changes in load growth. Thus, to the extent that load growth 

24 varies in either direction from the target scenario, the exports 

25 are likely to be less profitable for HQ. 

26~: Has the expected value of the extra cost to ratepayers from this 
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1 loss of flexibility been incorporated into HQ's analysis of the 

2 profitability of its export contracts? 

3 A: To our knowledge, no. 

4 Q: How does demand management relate to early exports? 

5 A: Demand management is one of HQ'S largest uncertainties, largely 

6 because it has a limited capability in that area and has not 

7 actively pursued it in the past. 

8 The longer lead time required- to build new hydro versus 

9 implementing demand management programs leads to the conclusion 

10 that exports will cause early commitment to new hydro, which 

11 will lessen the impetus for demand management, even if that 

12 demand management is cheaper than new hydro. 

13 Delaying a commitment to new hydro projects will enable HQ 

14 to gain more information regarding demand management than it now 

15 has. CUrrently, HQ assumes that very little demand management 

16 is available. If more is in fact available than HQ assumes, it 

17 will be able to delay commitment decisions. To the extent that 

18 exports interfere with this process by forcing an early hydro 

19 commitment decision, they impose economic costs on Quebec 

20 ratepayers. 

21 Q: Why would early commitment to new hydro change the economics of 

22 future demand management? 

23 A: Demand management programs are much more cost-effective when 

24 they can delay commitment to new hydro than if they cannot delay 

25 that commitment. 

26 To the extent that exports speed up the commitment to new 
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1 hydro before HQ has improved its demand management capability, 

2 the cost-effectiveness of conservation to HQ would be reduced. 

3 In the absence of exports, when the commitment to new hydro 

4 could be delayed for a number of years, development of 

5 conservation capability and programs prior to the need to commit 

6 to new hydro can defer that commitment beyond current levels in 

7 the event of average load growth. 

8 As a result, HQ is likely to adopt less demand management 

9 and at a later date if it moves to export power versus a 

10 no-export or delayed export scenario. 

11 Q: If demand management programs are delayed, is there a cost to 

12 ratepayers? 

13 A: Yes. First, there is a significant cost to ratepayers of 

14 choosing more expensive hydro supply resources ahead of less 

15 expensive demand resources, even if the conservation programs 

16 are eventually implemented at a later date. 

17 HQ recognizes the extra costs of pursuing supply options out 

18 of economic order, in another context, as it prioritizes its new 

19 hydro projects in order of cost. However, it does not recog-

20 nize these costs with respect to demand management. 

21 The cost of leapfrogging over cheap resources can easily 

22 amount to hundreds of millions of dollars. For example, if only 

23 10 TWh of conservation were delayed for 10 years and this 

24 conservation is assumed to cost only one cent per kWh less (in 

25 real terms) than new hydro, the resulting net present value of 

26,. cost to Quebec ratepayers (at HQ's 6' discount rate) would be 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

~ 
26 

$736 million (real 1990 dollars), relative to adopting the 

cheaper conservation first. For larger amounts of delayed 

conservation or a larger price differential, the costs of 

delaying conservation to advance hydro would be higher. 

This is not the only cost of delaying conservation and 

advancing hydro. certain conservation, particularly in new 

buildings and appliances, represents opportunities which will 

be lost if not pursued relatively soon. A lost opportunity is 

a conservation measure whose costs vary depending on when it is 

installed, so that it is cost-effective if undertaken at one 

specific time but becomes so expensive as to no longer be 

cost-effective if it is not done at that right time. Examples 

of lost opportunities include such measures as: (1) 

retrofitting less insulation into a building than the most 

cost-effective level; (2) buying an inefficient refrigerator 

instead of an efficient one (because it would not be 

cost-effective to scrap a new refrigerator simply for energy 

savings, even though it would have been cost-effective to buy 

a more efficient one in the first place); (3) failing to install 

weatherization measures which are relatively cheap in a newly 

constructed building but which are expensive to retrofit (i.e., 

energy-efficient windows, high levels of wall insulation). 

By delaying conservation and advancing hydro, HQ would be 

creating lost opportunities in both new buildings and appli

ances and inadequate weatherization retrofits which could never 

be recovered at a later time. These lost opportunities, which 
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1 are unique to conservation, would increase the economic 

2 penalties of delaying conservation above the costs which result 

3 for merely pursuing projects out of order. 

4 Q: Is this cost to ratepayers of advancing hydro and as a result 

5 delaying demand management factored into HQ I S analysis of export 

6 profitability? 

7 A: To our knowledge, no. 

S Q: In addition to its direct costs, does demand management offer 

9 any planning advantages to utilities which would be reduced or 

10 lost due to early commitment to hydro? 

11 A: Yes. There are two such advantages. First, once a program 

12 infrastructure is in place, demand management can be scaled up 

13 or down in response to changes in load, enhancing flexibility 

14 in a utility I s response' relative to the option of being re-

15 qui red to respond solely with long-lead-time generating 

16 stations. Second, demand management, particularly in new 

17 construction, reduces the size of the load uncertainty in 

18 question. For example, if the average new electrically heated 

19 residential customer uses 18,000 kWh per year, a misforecast of 

20 the number of new customers will have a greater effect on the 

21 load forecast than if the same customer used 12,000 kWh after 

22 conservation. As demand management programs are implemented, 

23 the variance in the load forecast, and hence the risk, should 

24 be reduced. 

25 Q: Are there other reasons why early commitment to hydro projects 

26~ in~reases inflexibility and potentially increases costs? 
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1 A: 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Yes. There are several reasons. 

First, early commitment is likely to result in abbreviating 

various environmental studies. Having a longer time to make 

a decision to commit to a project allows greater knowledge of 

the environmental effects of various projects to be brought to 

bear on the commitment decision. A greater amount of 

information is likely to reduce both private and social costs. 

Allowing more time for study can both identify effects more 

clearly and quantify the social costs of unmitigated residual 

environmental effects. studies can define problems which can 

be mitigated in the construction stage at a lower cost than 

after the fact or which cannot be mitigated after the fact. 

Early commitment also reduces the opportunity to change the 

ordering or configuration of projects when environmental effects 

and costs are better known and therefore better taken into 

account. 

Second, early commitment and accelerated construction could 

concentrate management resources on bringing projects on line 

and dilute efforts to plan for alternative resources, with 

potential effects on the quality of planning. 
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1 4. ALTERNATIVE POWER SUPPLY RESOURCES WITHIN QUEBEC 

2 

3 4.1 Overview 

4 Q: What is the subject of this section? 

5 A: In section 4, we analyze the alternatives to HQ's proposed plans 

6 for power supply, such as reducing Quebec electricity 

7 requirements through conservation and adding to supply with 

8 sources such as non-utility generation. We develop estimates 

9 of alternative resources within Quebec that would be competitive 

10 with the costs of HQ's proposed power supply, specifically with 

11 the costs of electricity provided by new large hydro projects. 

12 Q: How are these alternatives relevant to consideration of the VJO 

and NYPA Contracts? 13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

A: Development of these alternatives could significantly reduce the 

cost and environmental effects of meeting Quebec's current and 

future electricity requirements. Approval of the VJO and NYPA 

Contracts will delay and otherwise hamper the development of 

these alternatives. Thus, this section serves to establish the 

potential costs and environmental effects of electricity supply 

for a scenario where the VJO and NYPA Contracts are rejected, 

and thereby the potential costs and environmental effects of the 

contracts. 

23 Q: How have you structured your evaluation of alternatives to HQ's 

24 current plans for additional power supply? 

25 A: In section 4.2, we consider demand-side measures. In section 

26,. 4.3, we consider supply-side measures. section 4.4 discusses 
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1 the potential benefits of developing alternative supply 

2 resources. 

3 

4 4.2 Demand-Side Measures 

5 Q: Can you discuss the role of electricity in the Quebec energy 

6 market? 

7 A: Quebec currently has one of the most electric-intensive 

8 economies in the world. (MER, 1988) The market share of 

9 electricity in Quebec is more than one and a half times greater 

10 than the average for Canada. The contrast with other maj or 

11 industrialized nations is even greater. The market share of 

12 electricity in Quebec is two to three times greater than that 

13 of the u.S. and most other OECD countries. 9 

14 The Quebec economy is electric-intensive not only in terms 

15 of market share but also in terms of consumption per capita or 

16 per dollar of output. For example, total electricity 

17 consumption in Quebec is greater than that in all of New England 

18 (which has almost twice the population). 

19 It is interesting to note that Quebec's high degree of 

20 dependence on electricity is a relatively recent phenomenon. 

21 Electricity's share of the total Quebec energy market has grown 

22 from 19% in 1971 to 41% in 1988. 10 HQ has actively encouraged 

23 9Norway and Sweden are the only major industrialized countries 
24 where the market share of electricity is similar to that in Quebec. 

25 
26 

..... 27 

lOIn 1988, electricity accounted for more than half of all 
Quebec energy use in sectors other than transportation (which is 
almost completely dependent on oil). 
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1 this growth in electricity's market share by promoting the 

2 electrification of end-uses traditionally served by fossil fuels 

3 and by efforts to attract electric-intensive industry (such as 

4 aluminum smelting) to locate in Quebec. 

5 Q: Have you prepared an estimate of how much Quebec electricity 

6 consumption could be reduced by efficiency improvements? 

7 A: Yes. This estimate is developed in Appendix A, "Reasonably 

8 Attainable Conservation in Quebec by the Year 200l. " We will 

9 summarize the principal conclusions here. 

10 Q: What is the base case that your estimates are relative to? 

11 A: We have reviewed HQ's 1989 Demand Forecast (La !1emande 

12 d'electricite au Ouebec - Horizon 2006) to determine HQ's base 

13 case (target scenario) of domestic load." Our conservation 

14 estimates are relative to this forecast. 

15 Q: Does your estimate consider transmission and distribution 

16 losses? 

17 A: Yes. For each sector, the losses that will be avoided by 

18 reducing customer consumption are added to the estimated savings 

19 at the customer meter to calculate the total savings. For the 

20 residential and commercial sectors, losses of 9% of electricity 

21 delivered are assumed. Industrial sector losses of 7% are 

22 assumed. 

23 Q: Have you attempted to quantify the entire technical potential 

24 of efficiency improvements? 

25 "HQ'S Development Plan (HQ, 1989b) embodies this forecast in 
26~ts t&rget scenario. 
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1 A: No. Our estimates do not attempt to incorporate the entire 

2 range of conservation possibilities. Instead, we have focused 

3 on how much conservation can be reasonably delivered by 2001 

4 using existing technology. In a number of cases, we have 

5 intentionally scaled back our estimates to reflect that some 

6 customers may not implement measures even if the utility 

7 provides incentives. 

8 On the other hand, we have not included any conservation 

9 that would occur with "business as usual. ,,12 Instead, we have 

10 identified conservation resources that will require some cost 

11 and effort to obtain. Most of the conservation we have 

12 identified is likely to be at least as cost-effective as the 

13 construction program currently planned by HQ. Conservation will 

14 also be considerably less risky. See NPPC (1986). 

15 Q: Can you summarize the results of Appendix A? 

16 A: By the year 2001, reasonably achievable conservation in the 

17 residential sector is 10.6-11.7 TWh and 2,645-3,015 peak MW. 

18 For the commercial sector, savings of 7.1 TWh and 1,775 peak MW 

19 are estimated. Industrial sector savings of 9.1 TWh and 1,225 

20 peak MW are reasonably attainable. See Tables A2.6, A3.3, and 

21 A4.2 of Appendix A. The total for HQ by 2001 is more than 27 

22 TWh and 5645-6015 peak MW. This corresponds to 15% of projected 

23 energy loads and 17% of peak demand. 

24 

25 
26 

..... 27 

12In one instance 
HQ's failure to fully 
size. See Appendix A. 

relating to water heating, we did correct 
recognize the effect of smaller household 
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1 4.3 supply-side Resources 

2 Q: What alternative supply-side resources are available to Hydro-

3 Quebec? 

4 A: A number of such resources are available, including hydro 

5 repowering; cogeneration, particularly using wood and other 

6 waste resources in the pulp and paper industry and several 

7 other sectors; development of smaller hydroelectric projects; 

8 and wind resources. 

9 

10 4.3.1 Hydro Repowering 

11 Q: What is hydro repowering? 

12 A: Older hydro facilities can be retrofitted to improve efficiency 

13 and increase capacity and energy output. 

14 Q: How much hydro repowering has Hydro-Quebec included in its 

15 resource plan? 

16 A: Hydro-Quebec has identified 175 MW of hydro repowering to 

17 improve the turbines at the Manicouagan 5 plant (a 13.5% 

18 increase in capacity) in its resource plan. (Hydro-Quebec, 

19 1989c) While Hydro-Quebec states that its total increase in 

20 power output from replacing turbine wheels will amount to 400 

21 MW by the year 2001 (Hydro-Quebec, 1989c at 11), it does not 

22 divide these projects into past and future projects. However, 

23 none of these investments beside Manicouagan 5 are included 

24 specifically in its development plan, and even the Manicouagan 

25 5 improvement is not included in its resource plans filed with 

26~ the North American Electric Reliability Council (NERC). (NERC, 
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1 1989) 

2 Q: Has Hydro-Quebec identified any other potential for hydro 

3 repowering? 

4 A: HQ has identified eight powerplants which currently are under 

5 study to examine rehabilitation or reconstruction options, 

6 including its 1646 MW Beauharnois project on the st. Lawrence 

7 River and seven other projects totalling 1044 MW. However, 

8 Hydro-Quebec has identified no improvements in capacity from 

9 this reconstruction and has suggested that it may even retire 

10 some of this capacity. (Hydro-Quebec, 1989C) 

11 Q: Have any other entities studied hydro repowering? 

12 A: Yes. The Northwest Power Planning Council found 112 average 

13 MW of clearly cost-effective repowering at dams owned by the 

14 Bonneville Power Administration and another 144 MW of possible 

15 repowering. (NPPC, 1986) The Bureau of Reclamation has 

16 increased the output of the Shasta Dam in Northern California 

17 by about 5% in the last 10 years through generator rewinds and 

18 similar actions. 

19 Q: What is your conclusion regarding repowering of Hydro-Quebec 

20 facilities? 

21 A: A significant, though unknown, potential for additional 

22 repowering exists which Hydro-Quebec has not fully considered 

23 when reviewing need for future hydro dams. Furthermore, the 

24 continued operation of existing hydro facilities is likely to 

25 be preferable to their retirement and replacement with new dams 

26 on an environmental basis, and such retirement should not be 
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1 considered. 

2 

3 4.3.2 Private Power Production 

4 Q: What is Hydro-Quebec's forecast of private power production? 

5 A: Hydro-Quebec forecasts no additional private power production 

6 in its Development Plan, but has since told NERC that it plans 

7 on obtaining 270 MW by 1997 in increments of 20 to 60 MW per 

8 year. (NERC, 1989) No private power beyond 1997 is projected. 

9 Specific projects or technologies have not been identified, nor 

10 has the basis for the forecast been provided. 

11 Q: What are Hydro-Quebec's private power policies? 

12 A: In past years, Hydro-Quebec has had no policy (Passmore, 1987) 

13 and has offered private producers as little as 3 mills per kWh. 

14 In recent months, Hydro-Quebec changed its policy to allow for 

15 such development and offers small producers slightly under 3 

16 cents (Canadian) per kWh. (Gregoris et al., 1989) 

17 Q: Is Hydro-Quebec's 270 MW estimate reasonable? 

18 A: It is unclear what Hydro-Quebec will obtain at prices similar 

19 to those which it has offered. It is likely that much more 

20 potential is present. The thermal generation by the pulp and 

21 paper industry in Quebec is much less than that in many other 

22 regions in Canada and the united States. It should be noted 

23 that the Ontario provincial government has given Ontario Hydro 

24 a goal of obtaining 2000 MW of private power by the year 2000, 

25 7.5 times Hydro-Quebec's forecast. (Ontario Hydro, 1989) In 

26,. a recent request for proposals, 3800 MW of private producers 
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1 submitted bids. Furthermore, British Columbia Hydro obtained 

2 1240 MW of bids for 150 MW of power. (Independent Power Report, 

3 1989) It is reasonable to conclude that the potential for 

4 private pOWer is significantly greater than Hydro-Quebec's 270 

5 MW estimates, because of the untapped potential which has caused 

6 the private market to respond when private power generation 

7 'policies have been relaxed elsewhere in Canada. 

8 

9 

10 4.4 Benefits of Developing Alternative Supply Resources 

11 Q: Could you summarize the benefits of developing alternative 

12 supply resources in Quebec? 

13 A: The benefits are very large. Briefly, development of these 

14 resources will reduce -lDower supply costs and construction 

15 requirements, provide greater flexibility in power supply 

16 planning, enhance HQ's margin of maneuver, and substantially 

17 reduce environmental effects. In particular, development of 

18 alternative supply resources could eliminate the need to 

19 construct any hydro projects beyond those currently under 

20 construction. 

21 Q: How have you estimated these benefits? 

22 A: We have not performed a comprehensive evaluation. However, the 

23 magnitude of the benefits is illustrated by the Development 

24 Plan's LOW-Growth Scenario. See Development Plan at 77 and 94. 

25 

26 --
Development of the potential described in this section could 

produce the equivalent of this Low-Growth Scenario. The effect 
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1 on the hydro construction program (relative to, the Target 

2 Scenario) is dramatic. LaGrande-Phase II (which is presumably 

3 already committed and possibly under construction) is delayed 

4 from 1994-1995 to 1997-2000. LaForge 2 is delayed from 1996 to 

5 2003. All other large new hydro, such as Grande Baleine and 

6 NBR, is delayed beyond 2004. Thus, with energy efficiency 

7 improvements, as well as some potential contribution from hydro 

8 repowering and other supply-side resources, it would be possible 

9 to avoid all new large hydro construction other than that 

10 currently committed. 

11 The potential economic savings are indicated by the 

12 investment required for the three demand scenarios in the 

13 Development Plan (at 141). For the 1989-1998 period, the 

14 required investment {in current Canadian $) is $48 Billion for 

15 the Target Scenario, $61 Billion for High Growth, and $33 

16 billion for Low Growth. For the Target Scenario, generation 

17 accounts for nearly half of the total investment, and 

18 transmission accounts for another quarter of the total. Demand-

19 side measures would also reduce a portion of distribution 

20 investments (16% of the total). 

21 Q: Is the above estimate based on the Development Plan 

22 representative of HQ's current situation? 

23 A: No. With the increases in demand from the new aluminum 

24 smelters, HQ has advanced the construction of LaGrande-Phase II 

25 hydro projects. Thus, it is uncertain how much these projects 

26~ could be deferred. However, it is more important to consider 
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1 the effect of cancellation of the VJO and NYPA Contracts, which 

2 were included in the Development Plan Scenarios. 

3 Q: What effect would cancellation of exports have on HQ's 

requirements for new hydro projects? 4 

5 A: 

6 

7 

8 

9 

10 " 11 

12 

13 

14 

15 

16 Q: 

17 

18 

without exports (beyond the contracts already in place), the 

requirements for any new hydro projects beyond those already 

under construction is deferred until at least 2004. If even a 

modest conservation program were combined with a no-export 

strategy, the need for any new hydro projects not currently 

under construction would be delayed until after 2010. In fact, 

with any significant amount of conservation, it is likely that 

no new hydro projects would be required prior to 2020, the end 

of time period associated with the VJO and NYPA contracts. 13 The 

effect of conservation on the requirements for new hydro 

construction is further developed in Appendix B. 

Are there potential savings in capital costs for new hydro 

construction beyond those relating to actual construction of the 

projects? 

19 A: Yes. Commitment to a conservation scenario could also reduce 

20 capital investment related to planning of new generation and 

21 construction. Between 1989 and 1991, HQ plans to spend $120 

22 million on preliminary-project studies for the NBR project. 

23 Development Plan at 97 and 140. Preliminary studies for other 

24 projects will cost another $100 million. Most of this spending 

25 13Depending on load growth and the potential for conservation 
26 as technology improves, some other alternative supply resources 
27 (such as cogeneration) might also be utilized. 
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1 relates to new hydro projects such as Grande Baleine, 

2 Ashuapmushuan, and Ste. Marguerite. HQ is investing this money 

3 to increase its planning flexibility; specifically, HQ wants to 

4 be able to accelerate projects in case demand is higher than 

5 forecast. Thus, it is likely that HQ has assumed that the cost 

6 for these preliminary studies will be justified under all 

7 scenarios of demand growth. 

8 In general in power supply planning, it is prudent to invest 

9 in information and flexibility because it may improve decision-

10 making about expensive capital investments. See NPCC (1986). 

11 However, demand-side measures may be a far more cost-effective 

12 way of obtaining planning flexibility than some of these 

13 expenditures. See .l!1... A rapid commitment to study and 

14 development of alternative supply resources could permit HQ to 

15 avoid at least some of its preliminary study costs for new hydro 

16 projects. 

17 Q: Are there other ways in which development of alternative supply 

18 resources could reduce the cost of new hydro projects? 

19 A: We have already noted that supply resources such as conservation 

20 could defer or eliminate the need for most new hydro capacity. 

21 There could also be benefits from slower construction. 14 The 

22 accelerated project schedules that HQ is contemplating for its 

23 14By slower construction, we mean a lengthening in project 
24 duration, such as an increase in the time periods for study, 
25 approval, and construction. This should be distinguished from 
26 later construction that results from deferral of the project start 
27 .. te and does not alter the elapsed time from project start to 
28 finish: 
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1 hydro construction projects can result in increased costs (on 

2 a present value basis). Accelerated project schedules may not 

3 be optimal in terms of cost-minimization, since speed and cost 

4 must sometimes be traded off. 15 HQ's capital cost estimate for 

5 the Low-Growth Scenario may have included this benefit of slower 

6 construction. 

7 Q: Does development of alternative supply resources have any 

8 benefits other than savings in capital costs for new 

9 construction? 

10 A: Yes. Even if HQ paid for conservation up to its full avoided 

11 capital costs, the conservation option would yield very 

12 sUbstantial benefits. See NPPC (1986). The environmental 

13 effects associated with new hydro construction and use of 

14 fossil-based resources would be avoided. Rapid implementation 

15 of conservation could greatly help to alleviate the risk and 

16 uncertainty associated with HQ' s tight supply situation and 

17 reduced margin of maneuver. without a major conservation 

18 program, these difficulties could persist through much of the 

19 1990s. 

20 To the extent that any new hydro facilities are constructed, 

21 development of alternative supply resources may allow for less 

22 compressed schedules. This slower construction could reduce the 

23 level of uncertainty concerning project cost and completion 

24 15An example would be a decision to increase hours worked per 
~ 25 week, resulting in payment of overtime. 
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1 date. 16 As noted in section 5.3 and the Testimony of Allan Penn 

2 on behalf of the Grand Council of the Crees (of Quebec), slower 

3 construction can also reduce adverse environmental effects. 

4 Q: Is the development of alternative supply resources cost-

5 effective relative to HQ's proposed plans for new power supply? 

6 A: We have not been able to perform a comprehensive evaluation of 

7 this issue; HQ has been unwilling to make information about its 

8 costs of new supply public. However, the savings in capital 

9 investments described above provide some guidance about how much 

10 could be spent to obtain alternative supply resources such as 

11 conservation. Relative to the Target Scenario, the capital cost 

12 for the Low-Growth Scenario is lower by roughly $1.2 billion 

13 (real 1989 $) per year. The experience in other jurisdictions 

14 indicates that HQ could mount a very ambitious conservation 

15 program with expenditures substantially below this level. Such 

16 a program could produce the level of savings that we estimate. 

17 Development of alternative supply resources, especially 

18 conservation, would also have very significant other benefits. 

19 Risk, uncertainty, and environmental effects would be reduced. 

20 Power supply planning flexibility and margin of maneuver would 

21 be increased. Thus, the total potential benefits from 

22 development of alternative supply resources are substantially 

23 greater than the costs. 

24 __ 16The likelihood of cost-overruns and schedule delays probably 
25 increases as the project schedule is compressed. 
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1 5. ENVIRONMENTAL EFFECTS 

2 

3 5.1 Introduction 

4 Q: Have you evaluated the environmental effects of the VJO and NYPA 

5 contracts? 

6 A: In the context of this proceeding, we have not been able to 

7 complete a comprehensive evaluation of these effects. We have 

8 focused on the acid rain and greenhouse gas effects of the power 

9 supply associated with the VJO and NYPA Contracts. In section 

10 5.2, we discuss emissions related to use of fossil fuels. In 

11 section 5.3, we discuss the sources of emissions related to 

12 hydro facilities. other environmental effects are addressed in 

13 section 5.4. 

14 

15 5.2 Emissions from Use of Fossil Fuels 

16 Q: What effect will the VJO and NYPA Contracts have on the use of 

17 fossil fuels? 

18 A: In 1989, HQ utilized 5 TWh of fossil-based resources. 17 In 1990, 

19 HQ is planning on utilizing 12 TWh of fossil-based resources. 1S 

20 However, for analysis of the VJO and NYPA Contracts in this 

21 proceeding, HQ is assuming that it will utilize virtually no 

22 fossil-based energy after 1990 and that none of the energy 

23 17This included 3.5 TWh of purchases from neighbouring systems. 
24 As will be discussed below, most or all of these purchases were 
25 fossil-based. 

26 18This includes 4.5 TWh of purchases from neighbouring systems, 
~ 27 most or all of which will be fossil-based. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

supply associated with the contracts will be fossil-based. 

Our analysis of HQ system planning and operation indicates 

that HQ's assumptions about the requirements for fossil use are 

questionable. In particular, HQ' s assumptions are based on 

maintaining a level of hydro reserves signficantly below that 

which HQ planned for in the past. They are also based on all 

new hydro projects being completed on schedule. Thus, it is 

likely that some portion of the power supply for the VJO and 

NYPA contracts will be fossil-based. 

Before the fact, it is difficult to predict the amount of 

11 fossil-based energy that will be required, since this will 

12 depend on factors including actual load growth, in-service date 

13 for new hydro projects, hydro run-off, and reservoir levels. 

14 It is likely that fossil sources will be relied upon for at 

15 least a portion of the 1990s, and possibly longer. Based on our 

16 analysis of HQ system planning and operation, it appears that 

17 a more prudent and plausible base case estimate would be that 

18 9-12 TWh of fossil-based energy will be required for the power 

19 supply associated with the VJO and NYPA contracts. The specific 

20 fossil sources will be some combination of HQ thermal, purchases 

21 from other utilities, and modified operation of HQ customers' 

22 dual energy heating systems. 

23 Q: Could you elaborate on the nature of these fossil sources? 

24 A: Current HQ fossil-fired generation consists of the 600 MW Tracy 

25 station and 363 MW of gas turbines at the Cadillac and La 

-... 
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1 citiere stations. 19 HQ's Tracy Station is an oil-fired steam 

2 plant constructed in 1964. HQ is proposing to add gas turbines 

3 during the life of the VJO and NYPA Contracts; a recommendation 

4 has been made to the HQ Board of Directors for the addition of 

5 500 MW at La citiere, with the units in-service in 1992 and 

6 1993. The recommendation also includes a provision for an 

7 additional 250 MW of gas turbine capacity if HQ finds it 
-

8 necessary by the time the gas turbine contract is awarded. 

9 HQ is interconnected with ontario Hydro, New York Power 

10 Pool, New England Power pool ("NEPOOL"), and New Brunswick. The 

11 short-term marginal supply resource on all these systems is 

12 fossil-based. 20 For ontario Hydro, coal would generally be the 

13 marginal fuel. For New Brunswick, coal would be marginal at some 

14 times, and oil would be marginal at other times. For NEPOOL and 

15 New York, oil would usually be marginal, with coal in certain 

16 periods. 21 

17 Dual energy customers utilize electricity as a base fuel 

18 for heating (or an industrial process) but switch to an 

19 alternate fuel (generally gas or oil) to avoid peak loads. HQ 

20 19HQ has some other fossil generation in areas that are 
21 isolated from HQ's main grid, but this generation is not relevant 
22 to our analysis. It should also be noted that HQ thermal includes 
23 the 685 MW Gentilly 2 nuclear unit, but our discussion here is 
24 restricted to fossil sources. 

25 ~The marginal source could be nuclear on some systems during 
26 a few hours of the year. These would be periods of very low load 
27 and/or high hydro generation due to peak run-off. 

28 21These would be periods of very low load and high nuclear and 
,. 29 ooal plant availability. 
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1 projects sUbstantial use of electricity by these customers. HQ 

2 can reduce its energy requirements by modifying the operation 

3 of these systems to substitute increased fossil consumption for 

4 decreased electric consumption. 

5 Q: Can you provide estimates of the acid rain and greenhouse gas 

6 

7 A: 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

emissions for these fossil sources? 

Our analysis has focused on emissions of S02 and CO2. S02 is a 

principal acid rain precursor. CO2 is a major greenhouse gas 

that contributes to global warming. 22 Table 5. 1 provides 

estimates of S02 and CO2 emissions per MWh for various sources 

of electricity in Quebec, neighbouring provinces, and the 

Northeastern United states. It also indicates the assumed 

location of each source. 

The data in Table 5.1 for oil-fired utility generation are 

based on the HQ's Tracy steam station, which currently burns 

1.5% sulfur oil. Oil-fired generation in New England and New 

York could have lower sulfur emissions. 23 The data for coal-

fired generation are based on New Brunswick and existing Ontario 

coal-fired generation which has limited emission control 

equipment. Coal-fired generation in other locations could have 

lower sulfur emissions owing to additional emission control 

equipment or use of coal with a lower sulfur content. 

23 220ur analysis will also include some consideration of other 
24 acid rain and greenhouse gases, such as NO. and methane. 

25 23Many plants in New York and some in New England use low 
26 ~lfur oil. However, some plants in each region use oil with more 
27 than 1:5% sulfur. 
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1 Q: How will the location of these fossil emissions affect Canada 

2 and the Northeastern U.S.? 

3 A: CO2 is a greenhouse gas that contributes to global warming. As 

4 such, location of sources is not significant. S02 contributes 

5 to acid rain. We have not undertaken a study of wind patterns 

6 to determine the relative importance of all locations in 

7 producing acidified precipitation in Quebec, other Canadian 

8 provinces, and the Northeastern United states. 24 Given the fact 

9 that wind patterns vary during the year, as well as between 

10 years, it may not be trivial to determine the effect of 

11 emissions in any given location. However, as a general rule, 

12 we have assumed that proximity to Canada and the Northeastern 

13 U.S. is relevant, as is location to the west and south.~ 

14 Q: What is the location of <the fossil sources that will be utilized 

15 for the VJO and NYPA Contracts? 

16 A: HQ's Tracy station is located in the St. Lawrence Valley about 

17 sixty kilometers northeast of Montreal. Fossil generation in 

18 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

29 
,. 30 

31 

ontario and New York is located directly to the west and south 

24ACid rain effects in the Northeastern U.S. are also relevant 
to consideration of the VJO and NYPA Contracts. Acid rain is a 
transnational problem, where emissions in one country can result 
in negative effects in another. The customers of the VJO and NYPA 
Contracts are located in the Northeastern U.S., so the Contracts 
could affect the use of fossil generation in those areas. Reduced 
emissions in the Northeastern U.S. could lessen direct acid rain 
effects in Canada. On the other hand, increased use of fossil 
fuels in Canada as a result of electricity exports could increase 
direct acid rain effects in the U.S. as well as in Canada. 

25In terms of air quality in eastern Canada and the 
Northeastern U.S., emissions to the west and south appear to have 
the largest effect. 
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1 of Quebec and New England, at distances ranging up to several 

2 hundred kilometers. Fossil generation in New England is 

3 concentrated in eastern Massachusetts, but large plants are also 

4 located in southern connecticut, central New Hampshire, western 

5 Massachusetts, and the Maine coast. This generation is located 

6 to the west and south of the Maritime Provinces of Canada, as 

7 well as parts of Quebec. Fossil in New Brunswick is located a 

8 substantial distance to the north and east of Quebec, although 

9 other parts of the Maritime Provinces could be affected. Z6 

10 Q: Do you have information on the likely mix of fossil sources that 

11 will be used to supply the VJO and NYPA Contracts? 

12 A: HQ's choice of fossil sources for the VJO and NYPA Contracts 

13 will be influenced by factors such as the relative price and 

14 availability of each ·souI'ce and by the total magnitude of fossil 

15 sources required by HQ. HQ will presumably use the lowest cost 

16 sources first. The cheapest sources are likely to be off-peak 

17 purchases from other utilities and shifting large dual energy 

18 customers off electricity. Use of HQ gas turbines and on-peak 

19 purchases from other utilities are likely to be most expensive. 

20 Intermediate in price would be use of the Tracy station and 

21 shifting small dual energy customers off electricity. 

22 HQ's current response to its low reservoir levels provides 

23 some indication of likely fossil sources for the VJO and NYPA 

24 Contracts. In 1989, HQ purchased 1.3 TWh from us utilities at 

25 

.... 
26 

an average price of 5.4 cents/kwh (Canadian). HQ has also 

Z&The U.s. state of Maine could also be affected. 
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1 purchased substantial amounts of energy from New Brunswick. In 

2 addition, HQ generated 1.4 TWh at the Tracy station. In 1990, 

3 HQ is planning on purchasing 4.5 TWh from the u.s. and other 

4 Canadian provinces27 and generating 3.4 TWh at the Tracy station. 

5 HQ has also repurchased dual energy contracts from large 

6 customers (~ it is paying customers to switch to fossil 

7 fuels). These buy-backs reduce electric sales by 0.3 TWh in 

8 1989 and are projected to reduce them by 3.8 TWh in 1990. 

9 Q: How much electricity can these sources contribute to HQ supply? 

10 A: Tracy can generate about 4 TWh, assuming a 75% capacity factor. 

11 The potential for backing out electric use by dual energy 

12 customers28 is indicated by Table 5.2, which provides HQ I s 

13 estimates of electric use by dual energy customers for 1987, 

14 1996, and 2001. 

15 Electricity purchases from neighbouring utilities are 

16 limited by transmission, as well as availability. sizable 

17 purchases by HQ are likely to require imports from the United 

18 States, as well as some purchases from neighbouring provinces. 

19 Q: Could you elaborate on the sources of potential electricity 

20 purchases by HQ? 

21 A: The united states could be an important source of purchases by 

22 HQ. The available transmission capacity for imports from the 

23 27This purchase is in addition to the long-term HQ contract 
24 with Churchill Falls, which is located in Labrador. 

25 2~he portion of dual energy load served by electricity would 
.... 26 be switched to fossil, thus reducing electric use. 
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1 u.s. is quite sizable.~ New England and New York have 

2 sUbstantial amounts of oil-fired capacitrO that may be available 

3 for off-peak energy sales, although the cost could be relatively 

4 high. In a situation where HQ must buy large amounts of energy 

5 from neighbouring systems, 31 this u.s. oil-fired capacity could 

6 comprise much of the available supply for HQ purchases. 

7 Within Canada, HQ might be able to purchase significant 

8 amounts of energy from New Brunswick and ontario. However, the 

9 interconnections between Quebec and neighbouring provinces are 

10 limited. 32 Furthermore, additional use of fossil generation 

11 within Canada may be constrained by restrictions on total 

12 29HQ ,s importation capacity is substantially greater than that 
13 indicated by the ratings of its interconnections. Imports to HQ 
14 would, in effect, be netted against HQ's exports. Thus, imports 
15 to HQ could actually reduce interconnection loadings. This is 
16 particularly important for the interconnections between HQ and the 
17 U. s., since these interconnections are and will be heavily used for 
18 exports (for the VJO, NYPA, existing, and other potential 
19 contracts). 

20 30Some coal-fired capacity may be available off-peak in New 
21 York, although almost all of HQ's recent energy purchases from the 
22 U.S have come from New England. 

23 31This situation could occur because of a period of low hydro 
24 run-off on the HQ system and/or delays in the in-service date of 
25 new hydro projects. 

26 32As noted earlier, the interconnections between HQ and the 
27 U.S. are routinely heavily loaded with exports, so the effective 
28 import capacity to HQ is greater than that indicated by the rating 
29 of the transmission lines. The interconnections between HQ and 
30 neighbouring provinces are not heavily used for exports from HQ, 
31 so the effective import capacity to HQ is closer to that indicated 
32 by the ratings of the transmission lines. 
33 The nature of HQ's interconnections with Ontario might result 
34 in additional constraints. In particular, there are currently no 
35 facilities for transfers between the main HQ and ontario grids; all 
36,\iransfers must rely upon isolated generation ("islanding") or load 
37 ("block loading"). 
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1 emissions of acid rain precursors and other pollutants. 

2 Q: Can you estimate the effect of VJO and NYPA Contracts on 

3 greenhouse and acid rain emissions from fossil-based sources? 

4 A: If the power supply associated with 9-12 TWh of the VJO and NYPA 

5 Contracts is oil at Tracy through 1997, 7.5 million tonnes of 

6 greenhouse gases would be emitted. The Tracy station would also 

7 emit about 75,000-100,000 tonnes of sulfur oxides if operated 

8 to serve 9-12 TWh of the VJO and NYPA Contracts' energy 

9 requirements. If coal plants with limited emission control 

10 equipment were utilized for 9-12 TWh of the Contracts' energy 

11 requirements, about 200,000-260,000 tonnes of sulfur oxides 

12 would be emitted, as well as 10.5-14.5 million tonnes of 

13 greenhouse gases. Emissions from dual energy systems for 9-12 

14 TWh would range from 2.5 to 5.5 million tonnes of greenhouse 

15 gasses and up to 55,000 tonnes of sulfur oxides. 

16 Q: Are there other air pollution effects related to the VJO and 

17 NYPA contracts that are relevant? 

18 A: Yes. The oil-fired generation at Tracy or any coal-fired 

19 generation that supplies HQ power purchases will emit 

20 significant amounts of nitrogen oxides (NO.), which are also an 

21 acid rain precursor. Typical oil-fired powerplants of Tracy's 

22 vintage emit 1.4-3.2 kg of NO. per MWh.(PG&E, 1988) The Tracy 

23 station would emit about 20,000-30,000 tons of NO. to serve 9-

24 

25 

-.. 26 

12 TWh of the VJO and NYPA Contract's energy requirements. 

Typical uncontrolled coal plants emit 2.2-3.2 kg of NO. per MWh. 

(Alvarado, 1989) 
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1 Q: Why are the emissions for dual energy systems so much lower than 

2 those for fossil-fired powerplants such as Tracy? 

3 A: The short answer is that the efficiency of dual energy systems 

4 in using fossil fuels is far greater than any utility thermal 

5 power plant and considerably greater than all but the most 

6 thermally balanced cogenerators. Moreover, the dual energy 

7 customers' alternate fuels are generally relatively clean fuels 

8 (largely gas or 0.25% sulfur light fuel oil). 

9 Table 5.3 calculates the reduction in fossil consumption by 

10 HQ customers as a result of electric use in dual energy systems. 

11 This table is calculated based on HQ's estimates of 60% 

12 efficiency for residential fuel oil, 67.5% for residential 

13 natural gas, 75% efficiency in alternate fuel use in the 

14 commercial sector, and 80% efficiency in the industrial sector. 

15 Q: Is there always a fossil fuel savings from use of dual energy 

16 systems? 

17 A: No. If Hydro-Quebec is required to run its own oil-fired energy 

18 for sustained energy purposes or to purchase fossil energy from 

19 another province, dual energy systems can actually increase the 

20 use of fossil fuel. For example, to provide electricity from 

21 the Tracy oil plant, Hydro-Quebec would burn approximately 

22 11,600 kJ/kWh (including line losses) when the customer would 

23 burn 4375-5540 kJ/kWh on average of fuel to obtain the energy 

24 service from another source. 

25 Q: How are air emissions affected by dual energy customers when 

26,. Hydro-Quebec is burning or buying fossil fuel? 
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1 A: The customer would generally be burning a cleaner fuel than 

2 Hydro-Quebec itself or utilities selling power to Hydro-Quebec, 

3 as well as using that fuel more efficiently. Thus, burning 

4 fossil fuels in the customers' dual energy systems produces 

5 lower emissions of both acid rain and greenhouse gasses. 

6 Q: Are all dual energy systems equivalent in terms of efficiency 

7 and emissions? 

8 A: No. As shown in Table 5.1, efficiency and emissions vary by 

9 type of system. The larger systems used by commercial and 

10 industrial customers are more efficient. However, the smaller 

11 systems generally use the cleanest fuels (natural gas and light 

12 fuel oil with only 0.25% sulfur), while the largest systems can 

13 use heavy fuel oil (2.2% sulfur or higher). Thus, emissions are 

14 lowest for gas-fired commercial systems and highest for heavy 

15 oil industrial systems. 33 

16 Q: How do these differences in efficiency and emissions affect the 

17 analysis of the environmental effects of the VJO and NYPA 

18 contracts? 

19 A: The environmental effects of HQ's marginal fossil resource could 

20 vary depending on which dual energy electric use is backed out 

21 to serve the VJO and NYPA Contracts. If HQ backs out dual 

22 energy use based on cost considerations, it is likely to back 

23 out the larger systems first. These systems are more efficient 

24 and their fossil fuel costs are lower (hence the cost to HQ is 

25 33very large commercial and institutional installations, such 
~ 26 as college campuses, could also use heavy oil. 
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1 lower) • However, the larger systems are more likely to burn 

2 high sulfur heavy oil. Thus, from an environmental perspective, 

3 the least desirable systems for conversion to fossil fuels are 

4 those burning oil, especially heavy oil. 

5 Q: Do you have any information on the criteria that HQ is likely 

6 to use in backing out electric use by dual energy systems? 

7 A: In response to its tight supply situation, HQ initiated a 

8 program in late 1989 to buy back its dual energy contracts with 

9 commercial, institutional, and industrial customers. When the 

10 program was announced, the Canadian Environment Minister 

11 expressed concern that HQ's buy-back would conflict with 

12 provincial acid rain reduction goals.~ 

13 Q: Are the emissions of fossil sources other than dual energy 

14 systems related to their cost? 

15 A: In general, the more expensive sources produce less emissions, 

16 since they generally use cleaner fuels (such as natural gas, 

17 light fuel oil, and low sulfur heavy fuel oil). The less 

18 expensive sources are more likely to use coal and high sulfur 

19 heavy oil. Thus, if HQ selects fossil sources to serve the VJO 

20 and NYPA Contracts based on cost considerations, it is likely 

21 to select the sources with the highest level of emissions. 

22 ~The Montreal Gazette (November 29 and 30, 1989) reported 
23 that Minister Bouchard was concerned that the buy-back program 
24 could make it impossible for Quebec to meet its 1990 acid-rain 
25 emissions target of 600,000 tonnes. The Gazette also reported that 
26 Quebec Environment Minister Paradis indicated that Quebec might 
27 exceed its 1990 acid-rain emissions target by 10% and that the 
28~vironmental impact of the HQ buy-back program was not considered 
29 prior to its approval by the Quebec cabinet. 
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26 .... 

On the other hand, environmental restrictions may affect the 

availability of sources with low costs and high emissions. If 

HQ must rely on purchases from fossil-fired generation in other 

provinces, this may impede the ability of the other provinces 

to meet acid rain reduction goals. Thus, it is unclear how much 

energy will be available within Canada for sales to HQ. 

For example, ontario Hydro exported as much as 12 TWh per 

year in the early 1980s, but its export sales have decreased to 

4-6 TWh in the late 1980s; the acid gas emissions limits that 

the Province of ontario has enacted have reduced energy output 

and provincial load has grown. (Ontario Hydro, 1989) ontario 

Hydro I s sulfur oxide allowances will decrease from 430,000 

tonnes at present to 280,000 tonnes in 1991 and 215,000 tonnes 

by 1994. ~ As a result, its energy production capability is 

limited. To meet these acid gas restrictions, ontario Hydro 

will be switching to low-sulfur coal and installing scrubbers 

at some or all of its generating units. without new generation 

beyond the Darlington units already under construction or 

additional scrubbers, ontario Hydro expects supply and demand 

to roughly be in balance through 1993; in 1993, Ontario Hydro 

expects to have an energy deficit (i.e.. energy demand will 

equal energy supply minus a 9 TWh margin of maneuver). with the 

rapid pace of sulfur reductions that is required, significant 

increase in energy demand, even for off-peak export sales, would 

likely require earlier scrubber installations; the cost of these 

earlier installations would be factored into export prices. IlL. 
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1 Even with the installation of pollution control equipment, 

2 Ontario Hydro anticipates a net reduction of about 6 TWh in the 

3 total amount of energy that it can generate at existing fossil 

4 stations. 35 (Ontario Hydro, 1987 and 1989). Thus, ontario Hydro 

5 must be viewed as a limited source of energy for HQ or other 

6 export markets. 

7 HQ could also attempt to import energy from the U. s. 

8 However, the future availability of energy from the U.S. for 

9 sales to HQ is also uncertain. Export sales to HQ would 

10 generally have the effect of increasing the use of U.S. fossil 

11 generation, which in turn would increase emissions of acid and 

12 greenhouse gases, as well as other pollutants. It is unclear 

13 whether future environmental and regulatory considerations will 

14 permit U.S. utilities to make large export sales to HQ in 

15 situations where HQ is unable to meet its energy requirements 

16 from Canadian sources. 

17 

18 5.3 Hydro-Related Emissions 

19 Q: What is the impact of new hydroelectric development, such as 

20 that proposed by Hydro-Quebec, on the greenhouse effect? 

21 A: Large hydroelectric development causes deforestation. 

22 Deforestation has the potential of releasing relatively large 

23 amounts of carbon, that had been previously sequestered in the 

24 350ntario Hydro currently has 9357 MW of coal-fired generation. 
25 It assumes that this capacity is capable of annual generation of 
26 ~ TWh. Thus, the acid gas limits will reduce potential energy 
27 output'by about 9% (6 TWh/65 TWh). 
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1 forest, into the atmosphere. Deforestation may also result in 

2 an ongoing loss of carbon uptake. 

3 The extent of the impact on the greenhouse effect depends 

4 on a number of factors such as area flooded, amount of biomass 

5 on that area, use (if any) of biomass, and the proportion of 

6 biomass decaying as carbon dioxide (aerobic) and methane 

7 (anaerobic) . Both CO2 and methane are important greenhouse 

8 gases. 

9 Q: will you discuss estimates of this effect for Hydro-Quebec? 

10 A: In our testimony before the Vermont PSB, we estimated a 

11 greenhouse gas effect of 180 kilograms per MWh for the LaGrande 

12 project, with a range between 90 and 360 kg relating to the 

13 range of conditions at various new hydro sites and the 

14 uncertainties concering various aspects of the analysis. Our 

15 estimates were based on assumptions concerning the amounts of 

16 available biomass in a northern forest environment; the amounts 

17 assumed were less than or equal to those in several previous 

18 reports. (Kohlmaier, 1982; sedjo and Solomon, 1988) 

19 Q: Have your estimates been reviewed? 

20 A: Yes. The Vermont utilities presented testimony by two 

21 consultants (Shaver, 1990; Bergdahl, 1990) analyzing our 

22 testimony. In addition, the Vermont Department of Public 

23 Service presented a review. (Kosen, 1990) All three of these 

24 witnesses agreed with our analysis that increased greenhouse gas 

25 emissions are an effect of the deforestation caused by large HQ 

26 hydroelectric projects. All three of these reviewers suggested 
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1 that the deforestation effects would be approximately half of 

2 those which were previously identified in our vermont testimony. 

3 Q: What are your comments regarding their review? 

4 A: In general our estimates are relatively similar to the 

5 quantitative estimates presented by Mr. Shaver and Mr. Rosen 

6 with the exception of two issues: loss of continuing forest 

7 uptake and percentage of methane produced by decay. With 

8 respect to these issues, we generally accept the comments of 

9 the reviewers. While loss of continuing carbon uptake is likely 

10 to be greater than zero, we agree that it is likely to be 

11 considerably less than we previously estimated. 

12 Once these issues are considered, however, our estimates are 

13 very similar to those offered by the reviewers. Dr. Shaver used 

14 a much higher amount of total carbon per unit area but assumed 

15 that a much smaller percentage of that carbon would decay, and 

16 that decay would occur at a slower rate. These two differences 

17 largely cancelled out, so that Dr. Shaver obtains a similar base 

18 case estimate to ours after our estimate is adjusted for uptake 

19 and the methane percentage. Dr. Shaver estimates CO2 production 

20 of 93 to 111 kg/MWh, while our estimate (adjusted to a basis 

21 comparable to that of Dr. Shaver's estimate)36 was 84 to 90 

22 kg/MWh. 

23 While there is a wide range of uncertainty in all estimates, 

24 there are also several reasons why Dr. Shaver's estimate may be 

25 36specifically, adjusted to use his methane percentages, to 
2~ssume no carbon uptake, and to remove our adjustment for energy 
27 losses for delivery to the u.s. 
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1 relatively conservative. In particular, his assumption that 

2 only 5% of carbon from areas permanently flooded will release 

3 CO2 to the atmosphere may be low for several reasons. First, a 

4 portion of the biomass in the flood zone will float and will 

5 either be washed ashore and decay or will be collected and 

6 burned, as HQ did at LaGrande. (SEBJ, 1988) Second, advance 

7 deforestation at future projects would allow for some decay 

8 before flooding occurs. 

9 Dr. Shaver also assumes a relatively even decay rate over 

10 time. This may understate the effective amount of carbon 

11 emissions. HQ has observed increases in soluble carbon content 

12 at reservoirs relatively rapidly after flooding, with reductions 

13 over time as decay proceeds. (Id.) A more front-loaded decay 

14 pattern would tend to raise his estimate somewhat on a present 

15 value basis. For example, assuming that decay was twice as fast 

16 over the first 15 years as the last 35 years of a 50 year 

17 period, with the same total decay over 50 years, yields a 

18 present value of nearly 25% more carbon dioxide emissions. 

19 Q: Could you discuss the uncertainties and variabilities regarding 

20 these estimates? 

21 A: First, there are scientific uncertainties including (a) the 

22 amount of carbon sequestered in any given location, (b) the 

23 amount of carbon which will decay, and (c) its rate of decay 

24 

25 

~ 26 

over time. 

Second, there are differences among the available biomass 

at specific sites. While all of the sites (except Grande 
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1 Baleine, which is at the border of the taiga and tundra) are 

2 boreal taiga forest, the amount of vegetation varies among the 

3 sites. Vegetation at Grande Baleine is likely to be 

4 considerably less than that estimated for LaGrande, while 

5 vegetation at the NBR site is likely to be greater. 

6 Third, the timing of deforestation and the staging of energy 

7 production relative to flooding will both effect the carbon 

8 dioxide equivalent emissions per MWh. Our base case analysis 

9 presented in Vermont PSB 5330 was based on LaGrande: thus, it 

10 was assumed that deforestation was not undertaken in advance of 

11 flooding and that carbon decayed over time or was burned after 

12 the plant came into service. If a region is deforested or 

13 burned well in advance of its flooding and/or if flooding occurs 

14 in advance of attainment of full electrical generation 

15 potential, the release of carbon is more front-loaded compared 

16 to the use of fossil fuel (for the equivalent electrical 

17 generation). 

18 Advance deforestation over the 10 years prior to flooding 

19 could increase the present value of carbon releases normalized 

20 over the life of the project by 45 to 90 percent, with the 

21 higher figure resulting if advance deforestation speeds up decay 

22 in areas that would be flooded. If deforested areas are burned 

23 before flooding, carbon releases would increase by an even 

24 greater amount. 

25 Fourth, carbon releases will be affected by use of the 

26,. biomass. In some cases, particularly at NBR, some timber may 
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1 be commercially harvested. Commercial logging must be done in 

2 advance of flooding, so carbon emissions would occur earlier in 

3 the base case, although equivalent carbon emissions would be 

4 reduced relative to the advance deforestation case discussed 

5 above because some carbon would remain sequestered in wood and 

6 paper products. However, the amount of sequestered carbon, 

7 particularly when relatively high estimates of non-wood carbon 

8 sources are identified, as in Shaver (1990) and Cole and Rapp 

9 (1981), is likely to be small, so that the earlier decay would 

10 outweigh the continued carbon sequestration. Even in our 

11 original estimate, which assumed a relatively high portion of 

12 wood to total biomass, we found higher effective emissions than 

13 the base case with commercial deforestation. 

14 The fifth major uncertainty involves the possibility that 

15 large-scale hydro diversions could affect the sediments in James 

16 Bay and Hudson Bay. These sediments contain methane hydrates; 

17 release of this methane would increase global warming. See 

18 (Nisbet, 1989; Knox, 1990; Ciborowski, 1989; Firor, 1989; and 

19 U.S. EPA, 1989). 

20 Q: What is your conclusion? 

21 A: The principle that new large hydro projects can increase 

22 greenhouse gas emissions by a significant amount has been 

23 supported by all parties in Vermont PSB Docket 5330 who have 

24 offered testimony on this subject (including the Vermont Joint 

25 Owners). There is uncertainty as to the quantity of increased 

26 -.. greenhouse gas emissions, and our original Vermont estimates are 
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1 likely to have been somewhat high. A base estimate in the range 

2 of 100-120 kg per MWh (after losses to deliver energy to the 

3 u.s.) is consistent with the studies presented by the Vermont 

4 Joint Owners and Department of Public Service. There would be 

5 a lesser effect for a far northern site like Grande Baleine, and 

6 a greater effect for the NBR project because of its more 

7 southerly location and its planned early deforestation. The 

8 range is likely to be on the order of minus 50% to plus 150% 

9 (i.e., 50 to 250 kg/MWh). Our larger range reflects not only 

10 the scientific uncertainties analyzed by Dr. Shaver but also the 

11 range of new hydro development sites (including the more 

12 southerly NBR site), the present value effects of early 

13 deforestation~ and the methane hydrate uncertainty discussed 

14 above. 

15 Our estimates of greenhouse gas emissions relating to hydro 

16 development are included in Table 5.1; we have reported our base 

17 estimate as 110 kg per MWh, the midpoint of the 100-120 kg per 

18 MWh range discussed above. 

19 Q: Can you estimate the effect of VJO and NYPA Contracts on hydro

related greenhouse gas emissions? 20 

21 A: 

22 

23 

24 

25 

26 .... 

HQ assumes that the entire power supply associated with the VJO 

and NYPA Contracts will be hydro-based. If this is true, 

cancelling the VJO Contract will reduce equivalent carbon 

emissions by 7 million tonnes over the life of the contract. 

Cancelling the NYPA Contract will reduce equivalent carbon 

emissions by about 15 million tonnes over the life of the 
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1 contract. Furthermore, there is a large range of uncertainty 

2 around this estimates. A credible high case37 would more than 

3 double the base case. If a portion of the power supply 

4 associated with the contracts is fossil-based, the greenhouse 

5 gas emissions related to hydro development may be lessened, but 

6 total emissions related to the Contracts will be increased. 

7 Q: Could you elaborate on the relative greenhouse gas emissions of 

8 various electricity supply resources? 

9 A: The emissions of various resources are compared in Table 5.1. 

10 The base case estimate of greenhouse gases from new large hydro 

11 is less than that for all fossil options. Nevertheless, there 

12 is a large range of uncertainty around this number. A credible 

13 high case would more than double the base case. Under such a 

14 high case estimate, new large hydro development in Quebec 

15 results in roughly equivalent greenhouse gas emissions as 

16 backing-out dual energy use or building efficient gas-fired-

17 cogeneration in Quebec or the U.S.~ 

18 In any event, energy conservation in either Quebec or the 

19 U.S. has a clear environmental advantage over other sources of 

20 power supply. 39 

21 37In the event of advance deforestation where forest products 
22 are not used commercially, or in the event of significant impacts 
23 on methane emissions from James Bay and Hudson Bay. 

24 ~cogeneration in the U.S. could be used to displace the need 
25 for imports from HQ. 

26 39Energy conservation in 
27 the need for imports from HQ. 
28 HQ could have the effect 

,. 29 conservation in the U.S. 

the U.S. could be used to displace 
It should be noted that imports from 
of seriously discouraging energy 
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1 

2 5.4 Other Environmental Effects 

3 Q: Have you considered any environmental effects other than 

emissions of greenhouse and acid rain gasses? 4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

A: Within the context of this proceeding, we have not been able to 

give detailed consideration to the other environmental effects 

associated with the VJO and NYPA Contracts. This is not to say 

that we believe that the environmental effects of the VJO and 

NYPA Contracts will be limited to those discussed above. Large 

hydro development, especially on the scale planned by HQ, could 

have very substantial effects. These effects are diSCUssed in 

other testimony on behalf of the Grand Council of the Crees 

(Quebec). However, in the remainder of this section, we will 

provide some comments concerning the relationship between the 

VJO and NYPA Contracts, the schedule of HQts hydro construction 

program, and the environmental effects of hydro development. 

17 Q: will the Vermont and NYPA contracts affect the schedule of HQts 

18 hydro construction program? 

19 A: HQ has stated that it will advance the construction of new hydro 

20 construction to serve export loads. See Testimony of M. Andre 

21 Mercier. 

22 Q: Does the schedule of HQts construction program have any 

23 environmental implications? 

24 A: Advancing the construction of hydro facilities will increase 

25 negative effects on the environment. This relationship has at 

26~ least five aspects. 
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1 1. The effects will happen sooner and they are more likely to 

2 happen, so they are greater on a present-worth basis. 

3 2. Advancement of the permitting and construction process means 

4 

5 

6 

7 

8 

that less base-line data is available. This is particularly 

significant for HQ,since many of its hydro projects are in 

remote areas where extensive data collection has not been 

undertaken until recently. See the Testimony of Allan Penn 

on behalf of the Grand Council of the Crees. 

9 3. Compression of the permitting process, to the extent that 

10 it is possible, can reduce the time available for 

11 consideration of environmental effects and mitigation 

12 strategies. 

13 4. Compression of the construction process tends to conflict 

14 with mitigation effo~ts. Contractors that are under very 

15 tight deadlines are more likely to engage in construction 

16 

17 

18 

practices that have negative environmental effects, and they 

are more 1 ikely to ignore or not report environmental 

problems. 

19 5. As a general effect, accelerated schedules stretch available 

20 management resources. In this triage situation, 

21 environmental protection can lose out if it is viewed as a 

22 lower priority than competing goals, such as compliance with 

23 schedule and budget. 

24 Q: Could you elaborate on the environmental effects of advancing 

25 hydro construction? 

__ 26 A: The relationship between environmental effects and the 
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1 advancement of the construction of new hydro facilities is 

2 discussed in some detail in the Testimony of Allan Penn on 

3 behalf of the Grand Council of the Crees (of Quebec). However, 

4 we can provide some elaboration on the first aspect of the 

5 relationship that we identified above. 

6 Q: If a hydro project will be built sooner or later, are there 

7 additional adverse environmental effects from building it 

8 sooner? 

9 A: HQ maintains that advancement has no significant environmental 

10 effects. It argues that any environmental effects associated 

11 with new hydro would have occurred in any event because the 

12 projects would have been built to serve Quebec requirements. 

13 Upon closer examination, this argument is specious. To the 

14 extent that hydro development has the potential for causing 

15 adverse environmental impacts, the advancement of this new hydro 

16 development will increase the adverse effects. 

17 First, advancement of new hydro projects means that any 

18 adverse effects occur earlier. Incurring adverse effects has 

19 a cost to society relative to incurring them later. Second, 

20 for a large number of years over the term of the VJO and NYPA 

21 contracts, exports will cause environmental effects to be 

22 greater because more hydro projects will be under construction 

23 or in operation with exports than without exports. 

24 Q: will you discuss the benefits to society of delaying 

25 environmental effects? 

26 -4; Hydro-Quebec analyzes the social and economic costs of its 
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development using a base case of a 6% real discount rate. 

Leveille Testimony at 9. This discount rate essentially 

expresses the preference between present and future effects. 

If the discount rate is greater than zero, it is equivalent to 

stating that society would prefer deferring environmental 

effects and their associated costs into the future relative to 

incurring those effects and costs at an earlier time. 

Therefore, at any discount rate greater than zero, society is 

worse off if, for example, it incurs environmental effects for 

50 years beginning in 1998 than if it incurs the same effects 

for 50 years beginning in 2004. Specifically, when taken to 

present value with HQ's 6% real discount rate, a stream of 

(environmental) costs incurred for a given number of years 

beginning in 1998 is 42% greater than the same stream of costs 

(in real terms) beginning in 2004. Therefore, delay has a 

significant value to society even if the same costs would just 

be incurred later. 

The present value costs to society of incurring 

environmental effects earlier are even greater if the analysis 

is performed using a higher discount rate. HQ indicates that 

the VJO and NYPA Contracts have also been analyzed using 

discount rates of 8% and 10%. For the example above comparing 

the same stream of (environmental) costs beginning in either 

1998 or 2004, the present value of the earlier stream will be 

59% greater based on an 8% discount rate and 77% greater based 

on a 10% discount rate. 
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22 

Q: 

A: 

will you discuss why the environmental effects of advancing a 

number of projects over time are likely to be significant? 

A simple example can show that there are in fact significant 

environmental effects from advancing project development for 

export. Assume that a utility has a homogeneous technology for 

generating power that comes in identical 500 MW plants with 

identical environmental effects, that it needs to add a 500 MW 

station every two years, and assume further that it chooses to 

export 500 MW. Economically, one could conclude that the export 

caused that utility to advance its entire construction program 

(each of the 500 MW stations built over the life of the 

contract) by two years. Environmentally, however, one must 

conclude that exports would have the effects associated with a 

single additional 500 MW station for the life of the exports. 

This is the case because there will always be one extra 

generating unit in the case with exports that is not there in 

the case without exports. This effect is attributable to the 

exports. 

Thus, even though each of the 500 MW stations would have 

beeen built in any event, it would be incorrect to conclude that 

the advancement of each of the 500 MW stations by two years to 

serve an export load has no environmental impact. 

23 

24 

25 

Analysis of the environmental effects associated with 

advancement of HQ's new hydro projects may appear to be more 

complicated than the example described above. HQ is planning 

26,.. on adding a number of new projects, of varying sizes, at varying 
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1 intervals. Each new hydro project has site-specific 

2 environmental effects. Nevertheless, HQ's situation is in fact 

3 similar to the simple example above. In most years of the VJO 

4 and NYPA Contracts, there will be more hydro projects either 

5 under construction or in service or both due to the exports. 

6 The result will be both greater total environmental effects over 

7 the time horizon under review as well as earlier environmental 

8 effects which have been demonstrated above to be detrimental to 

9 society. 

10 Q: Is there any environmental difference between a system power 

11 sale based on advancement of a number of projects and a unit 

12 power sale based on dedication of part or all of a specific 

13 project to serve a specific load? 

14 A: No. Both types of contracts will cause the same response by 

15 the utility. The environmental effects of export contracts are 

16 related to the construction and operation of specific 

17 facilities. From an environmental point of view, it does not 

18 matter whether an export contract is based on a system power 

19 sale or the dedicated output of part or all of one or more 

20 specific projects. 40 For example, if HQ agrees to sell part of 

21 the output of an existing dam such as Beauharnois to NYPA, the 

22 environmental effect is the same as that of a system power sale 

23 40If the exporting utility's choice of power supply options 
24 were in some way influenced by the terms of the export contract 
25 (such that its choice of supply options is different than it would 
26 have been based on a system power contract), then the terms of the 
27 export contract might be relevant from an environmental point of 

-.. 28 view. 
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1 of equal magnitude; both types of export contracts will have the 

2 same effect of increasing HQ I S requirements for new supply 

3 sources. Export sales require HQ to accelerate its construction 

4 program to bring more hydro on line than would otherwise be 

5 required and to bring it on line sooner. 

6 Moreover, one can examine the specifics of the Hydro-Quebec 

7 export contracts. The VJO and NYPA Contracts will increase 

8 energy loads on the HQ System by about 200 TWh over the life of 

9 the contracts. The testimony of Andre Mercier indicates that 

10 the VJO and NYPA Contracts will require HQ to advance the 

11 construction of the Grand Baleine project by six years and the 

12 NBR project by up to five years. Several other hydro projects 

13 will also be advanced by up to six years. Viewed another way, 

14 the VJO and NYPA Contracts will require the commitment of 

15 roughly 13 years of the output of Grande Baleine (or 4.5 years 

16 of the output of the full NBR project)41 to export sales. 

17 Q: Is it certain that the hydro proj ects that are advanced to 

18 supply export loads would eventually be constructed to supply 

19 increases in Quebec electricity demand? 

20 A: No. First, it is uncertain that future Quebec electric loads 

21 will require the amount of new capacity that would be advanced 

22 to supply export loads. In the year 2015, the 9.5 TWh of sales 

23 under the VJO and NYPA Contracts will represent a 5% increment 

24 41Current plans indicate that the NBR project would be phased 
25 in over a number of years. Thus, the output in earlier years would 
26~ substantially less than the 45 TWh and 8700 MW indicated for the 
27 Tull project. 
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1 to domestic Quebec consumption. The phasing out of these two 

2 contracts during the 2012 to 2018 period will cancel out all 

3 load growth within Quebec during this six-year period. 

4 The potential effect of the full export program described 

5 in the Development Plan (3500 MW) is even larger. The 23 TWh 

6 of sales under this export program would represent a 12% 

7 increment to domestic needs in 2015. This is equivalent to all 

8 of the load growth projected in Quebec from 2005 until 2020. 

9 Thus, the capacity that is developed for exports may be surplus 

10 to Quebec requirements and HQ may have substantial excess 

11 capacity after the conclusion of current and projected export 

12 

13 

14 

15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

-'31 

contracts. 42 HQ has recognized this risk in their 1988 

Development Plan. (HQ, 1988 at 133) 

Furthermore, Quebec has a very substantial potential for 

increasing the efficiency of its electric use, and thus reducing 

42HQ could seek to renew these export contracts or otherwise 
attempt to sell the excess in the export market. It is uncertain 
that HQ would be able to sell its surplus on the export market, and 
the economics of such sales are also uncertain. It should be noted 
that the incremental cost of new hydro projects will increase as 
the lower cost sites are developed. At some point, export sales 
based on new hydro development may not be competitive with the 
supply costs of the alternatives available to HQ's export 
customers. 

Furthermore, if HQ must continually renew its export 
commitments, then it is clear that the construction of new hydro 
facilities in Quebec is being undertaken for export, rather than 
domestic requirements. A comprehensive analysis of long-term 
exports should include consideration of whether Quebec and Canada 
should bear the costs, risks, and environmental effects of large 
hydro development solely for export markets. 
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1 future loads below the levels currently forecast by HQ.43 If 

2 this potential is developed, the need for new hydro projects 

3 beyond those already under construction would be delayed or 

4 eliminated. 

5 Second, it is uncertain that increases in Quebec electric 

6 loads would be best met with new hydro capacity. Choices in 

7 generation technologies are not static over time. For example, 

8 Quebec has substantial potential for alternative supply 

9 resources (such as cogeneration in industry), but development 

10 of these resources has been very limited in the past. The costs 

11 and environmental effects of much of the alternative supply 

12 potential may be below that of new large hydro projects. Thus, 

13 development of these alternative supply resources could be used 

14 to lessen the need for new hydro projects. 

15 Third, it is uncertain that the hydro projects that would 

16 be constructed to supply export loads are the same ones that 

17 would have been built at a later time to serve Quebec load. To 

18 minimize costs and adverse environmental effects, it is 

19 important to construct the new projects in an ascending order 

20 of costs and environmental effects (Le. the projects with the 

21 lowest cost and environmental damage should be built first). 

22 However, it is not always possible to know which projects are 

23 best prior to construction. Deferral of construction will 

24 430ur analysis estimates reasonably achievable conservation 
25 by the Year 2001 as approximately 27 TWh and 6 TW. See Appendix 
26 A. This estimate is based on existing technology; as conservation 
27.,.jechnology develops, the actual opportunities for savings will 
28 increase. 
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1 permit additional time for studies; based on these studies and 

2 other new information, it may be determined that the ordering 

3 of construction should be changed. certain projects may be 

4 built much latter, or not at all." 

5 "Furthermore, the "same" hydro project constructed at a later 
6 time might have less adverse environmental effects because of 
7 greater opportunities to mitigate adverse effects through changes 
8 ~n design, construction, and operation. 
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1 6. ANALYSIS OF THB PROFITABILITY OF THB VJO AND NYPA CONTRACTS 

2 

3 Q: Have you been able to review the economics and profitability of 

4 the VJO and NYPA contracts? 

5 A: Not in any detail. HQ has refused to provide the information 

6 that is necessary for a substantial economic review. For 

7 example, it has maintained that the cost estimates for its 

8 future generating stations are confidential information. 

9 Q: Is it reasonable that material on the cost of future HQ 

10 generating stations be kept confidential? 

11 A: No. Such confidentiality serves to conceal information from 

12 parties who would benefit from it: intervenors in this case and 

13 the people of Quebec in general. Confidentiality of this type 

14 prevents accurate analysis of HQ' s future costs and contract 

15 prices and prevents comparison of HQ's supply costs to other 

16 alternatives, such as demand management. 

17 Q: To your knowledge, is information such as cost estimates for new 

18 generation routinely made public in other jurisdictions? 

19 A: Yes. As part of the development of its Demand/Supply Plan, 

20 ontario Hydro has published estimates of its new supply costs; 

21 ontario Hydro has released this information both in the early 

22 stages of the planning process and as part of its adopted plan. 

23 (ontario Hydro, 1986, 1987b, 1987C, 1989) In fact, there has 

24 been an extensive debate wi thin ontario over ontario Hydro's 

25 assumptions and their effects on power supply planning. Two 

26 examples of the many reports responding to ontario Hydro's cost .... 
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1 estimates are Ontario Ministry of Energy (1988) and Marcus 

2 (1988). The debate within Ontario concerning energy planning 

3 has been facilitated by the relatively clear documentation of 

4 future resource costs that has been supplied by Ontario Hydro. 

5 Cost estimates for new power supply are also routinely made 

6 available in Alberta. (Alberta EUPC, 1987) Within the u.s., 

7 the u.s. Federal Energy Regulatory Commission requires utilities 

8 to file cost estimates for all generating resources to be built 

9 within a ten-year time horizon under the provisions of section 

10 133 of the PUblic Utilities Regulatory Policy Act (PURPA). This 

11 PURPA 133 data is completely public. Cost estimates for new 

12 supply sources are also commonly provided by utilities as part 

13 of state regulatory review. For example, the California Energy 

14 Commission requires utili-ties to file their estimates of costs 

15 of their future generating stations over a 20-year planning 

16 horizon every two years. California utilities also routinely 

17 file testimony in their rate cases before the California PUblic 

18 utilities commission regarding their long-term plans. This 

19 testimony contains information of the sort which Hydro-Quebec 

20 has deemed confidential. 

21 Q: Are there any arguments that could legitimately be made for 

22 keeping this type of information confidential? 

23 A: No. The two arguments which we can envision are that (1) these 

24 costs relate to export contracts, and (2) that release of costs 

25 could somehow jeopardize bids and tenders for plant 

26 ... construction. Both of these arguments fail on closer in-
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4 
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spection. with respect to the VJO and NYPA contracts, the 

contracts have already been signed, and release of the informa-

tion would not change their terms. wi th respect to future 

contracts, any harm would be entirely speculative. Moreover, 

significant data on HQ's contract prices has already been made 

public based on review of Ontario Hydro's Demand/Supply plan. 

(Ontario Hydro, 1990) It appears from that plan (pages 14-8, 

14-29) that HQ's price offered to Ontario Hydro had a levelized 

unit energy cost of about 6.2 cents/kWh (1989 dollars) for its 

10 base contract and 5.4 cents with risk sharing. 

11 HQ operates differently than many other North AI1Ierican 

12 utilities in its desires for secrecy. For example, when BC 

13 Hydro began to consider development of the site C dam project 

14 for export to utilities in California and the Pacific Northwest, 

15 it formed a consultative committee which included 

16 representatives of major utilities in the Pacific Northwest and 

17 California. That committee prepared a report on project costs 

18 and engineering and technical aspects; the report was also made 

19 available to the public. Mr. Marcus obtained one copy of the 

20 executive summary and detailed report from BC Hydro itself, and 

21 Southern California Edison company provided additional 

22 documentation from that committee in response to an information 

23 request submitted in a California Public utilities Commission 

24 case. Moreover, utilities in the U.S. routinely sign agreements 

25 to buy or sell power from each other, and those agreements are 

26.,.. not hampered by the filing of detailed information by those 
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1 utilities in their FERC Form 1 and PURPA section 133 filings. 

2 with respect to effects on bids and tenders, the type of 

3 cost data requested can be relatively aggregated (although the 

4 level of detail provided certainly relates to its credibility) . 

5 In the competitive engineering market in· which HQ (and most 

6 other utilities) operate, giving out a conceptual estimate of 

7 costs (such as that required under PURPA 133) will not harm the 

8 process of bidding for specific elements of the project. 

9 Furthermore, specific examples involving the Nova Scotia Power 

10 Corporation and Cincinnati Gas and Electric Company suggest that 

11 making estimated data available in advance does not appear to 

12 harm the equipment bidding process. 

13 We can only conclude that the secrecy and confidentiality 

14 requested by HQ are contrary to the business practices of most 

15 North American utilities and serve to stifle public review of 

16 HQ's export sales and system planning. 

17 Q: What is your understanding as to how HQ has proceeded in its 

18 analyses of the profitability of the VJO and NYPA Contracts? 

19 A: HQ has indicated that it conducted two analyses, one of which 

20 is based on private costs and another which is based on social 

21 costs. 

22 Q: Turning to the private cost analysis, do you have any general 

23 concerns that can be expressed despite the confidentiality of 

24 the information upon which the analysis is based? 

25 A: Yes. These concerns fall into several categories • 

.... 26 Our first and possibly most critical concern is that the 
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1 estimated costs of constructing large, complex projects tend to 

2 be substantially lower than the costs which will actually be 

3 incurred. Schedule delays and major changes in scope of work 

4 are generic to large complex projects of any type, and these 

5 problems must be factored into costs. (Morris, 1985, included 

6 as Appendix C to this testimony) 

7 The problems generally experienced with large, complex 

8 proj ects have been observed with respect to HQ' s speci f ic 

9 projects. For example, the cost of the LaGrande project 

10 experienced a ninefold increase from 1970 to the early 1980s. 

11 See the Testimony of Dr. connor-Lajambe on behalf of the Grand 

12 Council of the Crees (of Quebec). The uncertainty about actual 

13 proj ect costs represents a sizable risk for HQ ratepayers. 

14 Under the VJO and NYPA Contracts, these risks are almost 

15 completely borne by the HQ ratepayers. 

16 Q: Do the VJO and NYPA Contracts place other related risks on HQ 

17 ratepayers? 

18 A: Yes. Other risks which could raise HQ's costs and reduce its 

19 profitability are (1) the acceleration of hydro development due 

20 to high demand growth, (2) the inability to complete projects 

21 on schedule due to environmental- or construction-related 

22 delays, which could also result in the need to acquire 

23 unforeseen and unbudgeted fossil resources to serve contract 

24 loads, (3) the potential that HQ may need to "skip over" a 

25 cheaper project in favour of a more expensive one due to 

26~ environmental concerns, and (4) the inability of HQ to respond 
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1 to lower than expected load growth because of the early 

2 commitment to new hydro projects caused by the exports. 

3 Q: Does HQ recognize that these risks are significant? 

4 A: Yes. In negotiations concerning potential long-term power sales 

5 to ontario Hydro, HQ offered a lower price if Ontario Hydro 

6 would assume some demand growth and financial risks. According 

7 to ontario Hydro (1990), HQ quoted a price without risk-sharing 

8 that was higher by 13% or about 8 mills per kWh (real 1989 

9 dollars) .45 

10 In a presentation made to NEPOOL on January 12, 1990, HQ 

11 stated that it wanted NEPOOL to assume demand growth and hydro 

12 project delay risks and was willing to offer a lower price in 

13 exchange for moving the risks from Quebec ratepayers to NEPOOL 

14 ratepayers. 

15 It is unclear whether the price reductions offered to 

16 ontario Hydro (and potentially to NEPOOL) accurately measure the 

17 value of the risks shifted from HQ to the power purchaser under 

18 a risk-sharing arrangement. 46 Moreover, not all of the risks 

19 created by the exports are in fact shifted to the purchaser. 

20 However, it does appear that if the VJO and NYPA contracts 

21 provide less than 8 mills per kWh (real 1989 dollars) in profit 

22 to HQ, the Contracts are inadquate1y profitable given HQ's own 

23 45The offer was made by HQ in July, 1988 for 2000 MW, at an 
24 annual capacity factor of 65% for the period 1998 to 2023. ontario 
25 Hydro, 1989 • 

.... 26 46It is known that ontario Hydro rejected the HQ offer. 
27 Ontario Hydro, 1989. 
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1 analysis of risk sharing. 

2 Q: How should these risks be analyzed? 

3 A: Under the NYPA and VJO contracts, HQ's ratepayers are entirely 

4 at risk for any cost overruns, schedule delays, or unforeseen 

5 advancements of more expensive (on a private cost basis) 

6 projects due to high load growth or failure to obtain 

7 environmental approvals for projects that are relatively cheap 

8 (on a private cost basis).47 Quebec citizens are also exposed 

9 to a large fraction of the uncontrollable economic risks of the 

10 contracts, bearing exchange rate risks and at least a large 

11 fraction of the risks of future inflation from the date that the 

12 power deliveries commence under each contract phase. The 

13 ratepayers of Vermont and New York take almost none of the risks 

14 that the prices under·1:he 'contract will not cover private costs. 

15 This fact suggests that at a minimum, several sensitivity 

16 cases must be run, with a greater emphasis toward higher real 

17 costs than toward lower real costs. Because the contracts pass 

18 the test under a single point forecast reference scenario, which 

19 has a strong tendency to be biased low, does not mean that they 

20 are profitable under all cases, the most likely case, or the 

21 expected value of all cases. We simply do not know the answer 

22 to this question. 

23 Furthermore, the fact that virtually all of the risk has 

24 been placed on Quebec residents suggests that a greater risk 

25 47The cheapest projects, on a private cost basis, 
26.J;.o win approvals because their low private cost is 
27 ~nmitigated environmental effects. 
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1 premium should be assumed in costing out at least the equity 

2 portion of HQ's financing, since the export contracts are more 

3 risky than providing domestic service to Quebec ratepayers. HQ 

4 cannot generally raise its rates to export customers in response 

5 to higher costs. Quebec residents should be deemed to require 

6 a greater return on their equity to serve fixed price export 

7 contracts than to serve local loads. 

8 Q: What is your second set of concerns? 

9 A: These concerns relate to HQ' s specific escalation rates for 

10 various costs and fuels. 

11 Q: What is the first escalation rate you have identified as a basis 

12 for concern? 

13 A: The inflation rate in the construction cost of hydroelectric 

14 projects appears to be too low, particularly in the years after 

15 2000 when HQ may face a cost-price squeeze under its contract. 

16 Q: will you define the term "cost-price squeeze" as used above? 

17 A: The cost-price squeeze, leading to diminished profitability, 

18 will result because HQ states that it is building hydro projects 

19 in order of their cost and must move to more and more expensive 

20 projects to serve future loads. Exports will thus cause the 

21 advancement of hydroelectric projects of higher and higher costs 

22 in real terms (adjusted for inflation), while the prices paid 

23 under the Contracts will actually decline in real terms. Even 

24 if the Contracts are profitable over their entire life, HQ 

25 ratepayers could easily end up subsidizing exports by building 

26 more expensive projects whose costs cannot be recovered from 

- 74 -



• 

1 export sales revenues near the end of the contract term. 

2 Q: How do HQ's projected escalation rates relate to this cost-

3 price squeeze? 

4 A: Our review of HQ's publication Parametres Economiaues et 

5 Enerqetigues de Planification a Lonq Terme (HQ, 1989d) suggests 

6 that HQ has historically experienced real escalation in hydro 

7 project costs on the order of 0.8% since 1976, as shown by 

8 comparison of Division 01-02-02, (Indice implicite des prix du 

9 produit interieurbrut du Canada) and Division 01-03-02, Tableau 

10 1 (Taux d I inflation de la construction des centrales 

11 hydrauliques et des equipements associes) . Given Dr. 

12 Connor-Lajambe's Testimony regarding LaGrande project cost 

13 estimates, it is clear that this real escalation does not count 

14 cost increases from changes in scope, delays, etc. HQ projects 

15 that similar real escalation will be experienced through the 

16 year 2002 but that real escalation will suddenly stop in that 

17 year. (Sections 01-01-03 et 01-03-03 Tableau 1) As a result of 

18 this change, a hydroelectric station brought on line, for 

19 example, in the year 2012 to serve exports (when it would 

20 otherwise have been delayed) will have a real cost estimate 

21 which is 8.4% lower than if the real escalation assumed prior 

22 to 2002 was continued. 

23 Several other concerns regarding HQ's real escalation rates 

24 should also be raised. HQ is assuming that construction labour 

25 costs at hydroelectric sites will continue to rise more rapidly 

26 .... than the rate of inflation after 2002 (1.3% real escalation 
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1 according to section 01-01-03, Tableau 7) and that oil prices 

2 (important both in costs of transporting materials to northern 

3 sites and powering earth-moving equipment), will rise more 

4 rapidly than the rate of inflation (1.4% real for light fuel 

5 oil, Section 03-00-03) and that most other costs will escalate 

6 at inflation in the long term. (Section 01-01-03 Tableaux 9, 

7 10) Yet from these assumptions, it somehow develops an overall 

8 escalation rate equal to inflation. 

9 Q: Do other prices and escalation rates give rise to questions? 

10 A: Yes. A specific concern arises with regard to HQ's forecast of 

11 oil prices relative to current prices, which becomes important 

12 to the extent the power supply associated with these Contracts 

13 is fossil-based. Specifically, HQ's price of 1.5% sulfur fuel 

14 

15 

16 

17 

18 

19 

20 

oil for the Tracy plant forecast in october, 1989 is equivalent 

to $22.30 Canadian per barrel of oil or 3.9 Canadian cents per 

kWh. (Section 03-00-03) By contrast, the cost of oil today is 

in the vicinity of $22 (US) or $26.20 Canadian, or 4.6 Canadian 

cents per kWh • While a single observation does not make a 

forecast true or false, it is still worthy of note that HQ's 

forecast is off by 20% within five months of its issuance. 

21 Q: will you discuss the issue of social costs in more detail, 

22 please? 

23 A: The purpose of using social costs in economic analysis is to 

24 capture the costs and benefits to society that are not included 

25 

__ 26 

in private costs. HQ appears to have used social cost analysis 

primarily as a means to improve the economics of the VJO and 
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1 NYPA contract. 48 However, a social cost analysis is incomplete 

2 if it does not examine externalities. 

3 Q: What is HQ's position regarding externalities? 

4 A: HQ's description of its social profitability analysis appears 

5 to be based on the assumption that environmental externalities 

6 have been eliminated by the mitigation measures pursued by HQ, 

7 and that residual unmitigated environmental and other external 

8 effects have no costs. 

9 Q: Is this position reasonable? 

10 A: No. The Grand Council of the Crees (of Quebec) provide a prima 

11 facie showing of the unreasonableness of this position by virtue 

12 of their opposition to future HQ hydro development. If the Cree 

13 accepted HQ' s apparent assumption that social costs equals 

14 private costs minus taxes, it is unlikely that they would have 

15 sought intervention in this hearing for the purposes so stated. 

16 In other words, if all external diseconomies of future HQ hydro 

17 projects could be mitigated by HQ through physical environmental 

18 mitigation and payment of compensation equal to the amount that 

19 has been and will be offered, the Cree would have no reason to 

20 oppose HQ's construction plans. In fact, while it may difficult 

21 (or even impossible) to place a dollar value on the negative 

22 external effects of future HQ hydroelectric projects, those 

23 effects are in fact real. HQ's social cost analysis appears to 

24 have completely ignored any consideration of these 

25 ~In social cost analysis, taxes and other transfer payments 
26~re not considered costs. 
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1 externalitites. 

2 Furthermore, let us examine an additional hypothetical 

3 example which demonstrates the unreasonableness of HQ' s apparent 

4 position. These numbers are all simply illustrative of the 

5 concept. Let us assume that there were 50,000 fish in a stream 

6 before HQ dams a river, and that the effects of the hydro 

7 development, unmitigated, would reduce this number to 10,000 

8 fish. HQ, by spending $100,000, - can partially mitigate the 

9 effect and raise the number of fish to 20,000 (i.e., incurring 

10 a cost of $10 per fish saved). 

11 HQ's apparent logic would state that while it was worth 

12 spending $10 per fish to increase the number from 10,000 to 

13 20,000, there is no social cost whatsoever associated with the 

14 decline of the fish population from 50,000 to 20,000. This 

15 argument is patently false. If there is no social cost to the 

16 reduction from 50,000 to 20,000, how did it suddenly become 

17 reasonable to spend $10 per fish to keep the number from falling 

18 to 10, OOO? Residual, unmitigated environmental impact has a 

19 social cost. In this example, a first approximation of the 

20 social cost which HQ apparently excludes from its analysis is 

21 probably on the order of $10 per fish or $300,000 for the loss 

22 of 30,000 fish (depending on the supply curve of mitigation 

23 measures and the demand curve for saved fish). 

24 Q: What are your conclusions? 

25 A: With respect to private costs, we can draw no firm conclusions 

26 because HQ has been unwilling to provide the necessary data and 
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1 other information. HQ's claim of confidentiality makes it 

2 impossible for us to reach any conclusions as to the 

3 profitability of the contract either over its life or in any 

4 specific years; nor can we assess the reasonableness of HQ's 

5 choice of inputs to its analysis, such as the cost of future HQ 

6 hydro stations. We can conclude that a review solely by an ac-

7 counting firm, without independent engineering or economic 

8 analysis of HQ' s assumptions, is insufficient to show the 

9 profitability of HQ's contract over the long term, given the 

10 complexity of the required analysis and the types of concerns 

11 raised above. We also conclude that a single forecast of costs 

12 is inappropriate given the significant uncertainties that create 

13 risks to the ratepayers of Quebec. Multiple scenarios should 

14 be analyzed to make an appropriate decision. 

15 With respect to social costs, HQ's analysis lowers hydro 

16 project costs by deleting taxes (making new hydro projects more 

17 attractive), while apparently failing to quantify any external 

18 costs of future hydro development which must be included in any 

19 balanced social cost analysis. As a result, HQ's analysis is 

20 not only subject to the same uncertainties as its private cost 

21 analysis but must also be revised upward to account for 

22 unmitigated and uncompensated environmental and socioeconomic 

23 damage that its future projects will create. HQ's social cost 

24 analysis cannot be relied upon, as its conclusions may in fact 

25 be substantially different with a better quantification of 

26 external effects • .... 
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1 Q: will you summarize the economic losses resulting from export 

2 contracts which HQ's profitability analysis does not appear to 

3 quantify? 

4 A: There are eight distinct effects which we have identified in 

our testimony. 5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

1. The supply plan assumed in HQ's testimony (and presumably 

in its profitability analysis) for a scenario without the 

VJO and NYPA contracts is not a least-cost plan. A least

cost plan would include sUbstantial use of demand-side 

measures to reduce electricity requirements and delay or 

eliminate the need for more expensive new hydro projects. 

On the other hand, the supply plan assumed by HQ for 

a scenario with the VJO and NYPA contracts may be a more 

accurate reflect-ion -of HQ' s likely options. Given HQ's 

current state of knowledge about conservation technologies 

and programs, exports may require the early commitment to 

Grande Baleine and other hydro projects indicated in HQ's 

testimony. Such early commitment would lessen the 

cost-effectiveness of demand-side measures. Thus, the 

increase in cost between an appropriate least-cost supply 

plan for a scenario without the contracts and an 

export-driven scenario is likely to be larger than the 

difference between the cost difference estimated in HQ' s 

profitability analysis. As a result, HQ is likely to 

overstate the profitability of the VJO and NYPA contracts. 

2. HQ does not analyze the potential economic costs to its 
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1 

2 

3 

ratepayers resulting from its loss of flexibility to meet 

changing load forecasts due to early commitment to Grande 

Baleine under an export-driven plan. 

4 3. HQ's 3500 MW export strategy has the distinct potential for 

5 

6 

7 

8 

9 

10 

leading to major capacity surpluses as the contracts expire, 

encouraging HQ to become dependent on exports. Unless new 

export contracts are found to replace existing ones, rate-

payers may be saddled with excess capacity. The cost of the 

risk of excess capacity at the end of the export contract 

terms is not included in HQ's economic analysis. 

11 4. HQ does not evaluate the economic costs associated with the 

12 

13 

14 

15 

16 

17 

18 

19 

risks which it places on Quebec ratepayers through an export 

strategy based largely on fixed-price, fixed-quantity con-

tracts. The risks which are leveraged onto ratepayers 

include cost overruns of new hydro, schedule delays, costs 

of load growth higher than originally forecast, adverse 

exchange rate fluctuations, higher than expected use of 

fossil sources, and unforeseen future environmental 

mitigation costs. 

20 5. HQ assigns no economic cost to lost OSM opportunities that 

21 would result from the early commitment to new hydro in the 

22 export-driven scenario. 

23 6. HQ assigns no value to the reduced reliability resulting 

24 

25 

26 --
from lower reservoir levels in the export case and no value 

to the risk that expensive fossil generation will be re-

quired in a dry year due to those lower reservoir levels. 
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1 As a result, HQ overstates contract profitability. 

2 7. HQ's profitability analysis does not appear to assign a 

3 

4 

5 

6 

7 

8 

9 

monetary value to water stored in reservoirs, even though 

that stored water is one of HQ's most valuable assets. By 

comparison, thermal utilities clearly assign a value to 

their fuel inventories. HQ thus implicitly assumes that 

decisions to reduce water storage under the export-driven 

scenario do not result in a reduction in HQ's asset base 

which offsets some of the economic gain resulting from the 

10 sales. 

11 8. HQ does not evaluate the economic costs associated with the 

12 environmental and other external effects of its 

13 hydroelectric advancement and potential use fossil-based 

14 

15 

16 

17 

resources, even though such an economic evaluation is 

critical to a complete social cost analysis. HQ instead 

appears to assume that residual unmitigated environmental 

and other external effects impose no costs on society. 
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1 7. CONCLUSIONS 

2 

3 Q: Could you summarize your conclusions? 

4 A: Yes. Our principal conclusions concerning the VJO and NYPA 

5 

6 

7 

8 

9 

10 

contracts are as follows: 

1. Based on HQ's stated plans, the VJO and NYPA Contracts will 

reduce the level of reserves on the HQ System. These 

reserves are currently below the levels that HQ has planned 

for in the past, and they are projected to remain at a lower 

level during the entire life of the Contracts. 

11 2. The power supply that is likely to be associated with the 

12 

13 

HQ Contract is fossil-based in the short-run and probably 

hydro-based in the long-run. 

14 3. The fossil and ayd-ro resources likely to provide power 

15 supply for the Contracts have substantial effects on the 

16 emission of acid rain and greenhouse gases. 

17 4. The potential for conservation and other alternative supply 

18 resources in Quebec is very large. 

19 5. Conservation and other alternative supply resources could 

20 eliminate the need for all or most of HQ's currently 

21 

22 

uncommi tted hydro construction proj ects. This could reduce 

expenditures for new supply and transmission by over $11 

23 billion during the next ten years. 

24 6. The cost of conservation and other alternative supply 

25 

2~ 7. 

resources is competitive with HQ marginal costs. 

Development of conservation and other alternative supply 
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.... 

1 

2 

3 

4 

resources will be delayed and otherwise hampered by the VJO 

and NYPA contracts and the attendant commitments to new 

hydro capacity. As a result, power supply costs for Quebec 

consumers may be substantially higher than they would be 

5 without the export contracts. 

6 8. The VJO and NYPA contracts impose additional economic costs 

7 

8 

9 

10 

11 

on Quebec ratepayers which are not quantified by HQ. These 

contracts reduce HQ's flexibility to respond to the variety 

of possible circumstances. virtually all of the risks of 

uncertainties (such as increases in hydro project costs and 

delays in project completion) are borne by Quebec 

12 ratepayers, rather than the export customers. 

13 9. Based on our review of the limited amount of information 

14 that HQ has been willing to make public, the analysis of 

15 profitability presented by HQ appears to be seriously flawed 

16 in terms of assumptions, inputs, and methodology. 

17 10. Therefore, HQ has failed to demonstrate that the capacity 

18 and energy to be exported under the VJO and NYPA contracts 

19 

20 

are surplus to Canadian requirements, or that the VJO and 

NYPA Contracts are profitable. 

- 84 -

I 



1 8. BIBLIOGRAPHY 

2 
3 
4 
5 
6 
7 
8 

Alberta Electric Utility Planning Council (EUPC), "Response to 
Small Power Producers Association of Alberta Pre-Submission 
Information Request," In the matter of Alberta Public Utilities 
Board and Energy Resources Conservation Board, Small Power 
Inquiry, July, 1987. 

9 Alberta power Limited (APL), General Rate Application. Phase 1. 
10 1989, Volume I, Schedule 6.0. June, 1989. 
11 
12 Alvarado, A., Regarding out-of-State Power, California Energy 
13 Commission Staff Issue Paper #4, September, 1989. 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

Arthur D. Li ttle, Inc., !.!o:.!v.5e:.!.r~v~iblei:lwL--l0~f,,-...!tdh~e~...!u~ ..... s;u... --,Pu=l.l.ploL--,a~n!.!l.!d:---,pl::a~p.5e~r 
Industrv: Topical Report, Vol. II, Report prepared for Gas 
Research Institute, January, 1988. 

Bergdahl, D.R., Prefi1ed Rebuttal Testimonv on behalf of Twentv
Four Vermont Utilities, Proceeding before the Vermont Public 
Service Board (PSB). February 6, 1990. 

Brown et al., Energv Analvsis of 108 Industrial Processes, 
prepared for U.S. Department of Energy, Contract 
E(11-1)2862, Fairmont Press, September, 1985. 

Report 
Number 

California Energy commission (CEC), California Energv Demand 
1989-2009, Vol. III, "The Pacific Gas and Electric Company 
Planning Area Forms" Report prepared for Consideration in the 
1990 Electricity Report proceedings, CEC PUblication 
P300-89-005, June, 1989. 

Cauchon et al., Plan Annuel P'Utilisation des Ressources 
Energetigues: Edition Ouadrimestreielle Fevrier 1989-Janvier 
l22Q, Report prepared by Hydro-Quebec, Mars 1989. 

Ciborowski, P., "Sources, Sinks, Trends, and Opportunities," in The 
Challenge of Global Warming, edited by D.E. Abrahamson, 
(Washington: Island Press, 1989), pp. 213-230. 

Cole, D.W. and Rapp, M., "Elemental Cycling in Forest Ecosystems," 
in Dynamic properties of Forest Ecosystems, IBP Volume 23, 
edited by D.E. Reichle, (Cambridge: University of Cambridge, 
1981), pp. 341-410. 

46 Consumers Union, 1988 Consumer Reports Buying Guide. December, 
47 1988. 
48 
49 Energy User News (Magazine), "Lighting in Review" Issue, November, 
50 1987. 
51-" 

- 85 -

• 



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

Firor, J., "Greenhouse Effects and Impacts on Physical Systems," 
in The Challenge of Global Warming, edited by D.E. Abrahamson, 
(Washington: Island Press, 1989), pp. 113-122. 

G1eick et a1., Greenhouse-Gas Emissions from the Operation of 
Energy Facilities. Report prepared for the California 
Independent Energy Producers Association, July, 1989. 

Gregoris et al., "Selling Power to Canadian Utilities" Hydro 
Reyiew, December, 1989, pp. 18-22. 

Henriques, G.D.A., and I1ic, G., Electric Motors' Potential Impact 
on Energv Conservation and Enerav Needs in B.C •• 1980-2005, 
vancouver, B.C.: BC Hydro and power Authority, Enerqy 
Conservation Division, May, 1980. 

Hydro-Quebec, James Bay: Tamina the LaGrande River, 1985. 

Hydro-Quebec, Plan de deve10ppement d 'Hvdro-Ouebec 1985-1987 
Horizon 1994, 1985a. 

Hydro-Quebec, Hydro-Ouebec DeveloPment Plan 1986-1988 -- Horizon 
1995, 1986. 

Hydro-Quebec, Plan de deve10ppement d'Hydro-Ouebec 1987-1989 -
Horizon 1996, Fevrier, 1987. 

Hydro-Quebec, Hydro-Ouebec Development Plan 1988-1990 -- Horizon 
1997, 1988. 

Hydro-Quebec, La demande d'e1ectricite au Ouebec -- Horizon 2006, 
March, 1989. 

Hydro-Quebec, Electricity Rates. 1989-1990, May, 1989a. 

Hydro-Quebec, Hydro-Ouebec Development Plan 1989-1991 -- Horizon 
1998, 1989b. 

Hydro-Quebec, Hydro-Ouebec' s Future Generating and Transmission 
System, 1989c. 

Hydro-Quebec, Parametres Economiaues 
P1anification a Long Terme, 4 Octobre 

et Eneraetiaues 
1989d. 

de 

Independent Power Report, "First Stage of Ontario Hydro RFP Draws 
38 Bids Totaling 3800 MW," Independent Power Report, September 
22, 1989, pp. 5-6. 

IRT publications, Demand-Side Manaaement Programs and Plans of the 
Bur1inaton Electric Department, Aspen, Colorado: July 1989. 

~BS Enerqy, Inc. et al., Demand Side Manaaement Potential of Major 

- 86 -



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

state Facilities in the Sacramento Municipal utilitv District 
Service Area, Report prepared for the California Department of 
General Services, August, 1989. 

Khalsa, P.S and Johnson, D., Prepared Direct Testimonv on 
Conservation Ouantification on behalf of the California Energy 
Commission Staff, California PUC Application 60153, May, 1981. 

Kohlmaier, G. et~, "The Role of the Biosphere in the Carbon 
Cycle and Biota Models," in Carbon Dioxide: Current Views and 
Developments in Energy/climate Research, (Dordrecht: D. Reidel, 
1983), Part I, pp. 93-144. 

Knox, Joseph B., National Institute for Globa:!. Environmental 
Change, Oral Testimony given at hearing on valuation of 
greenhouse gas emissions in the matter of California Energy 
Commission Docket 88-ER-8, January 25, 1990. (Transcript not 
yet printed). 

20 Lobodovsky, K.K, et al., "Field Measurements and Determination of 
21 Motor Efficiency," Eneray Engineer ina , 86:3, 1989, pp.41-53. 
22 
23 
24 
25 
26 

Lovins, A., "Energy, People, and Industrialization," 
commissioned for the Hoover Institution Conference 
Demography and Natural Resources," February 1-3, 1989. 

Paper 
"Human 

27 Ministere de l'Energie et des Ressources du Quebec (MER), Energy 
28 in Quebec: 1988 Edition, 1988. 
29 
30 
TI. 
32 
33 

Marbek, Electricitv Conservation Supply 
Resource Consultants, Final Report 
Ministry of Energy. August, 1987. 

Curves for Ontario. Marbek 
Prepared for the ontario 

34 Marbek, Calibration of the Ministry of Enerav Commercial Eneray 
35 Demand Model, Final Report (Revised), April, 1987a. 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

Marcus, W.B., Electric utility Plannina for 
Presentation for the Ontario Leaislature Select 
Energy, Exhibit 1/01/104, September, 1988. 

the 1990s: 
Committee on 

Marcus, W.B., Prepared Direct Testimony on behalf of the Small 
Power Producers Association of Nova scotia, Proceeding before 
the Nova Scotia Public utilities Board (PUB). March, 1989. 

Marland, Gregg, The Prospect of Solving the CO2 Problem through 
Global Reforestation, Oak Ridge Associated universities 
Institute for Energy and Analysis and Oak Ridge National 
Laboratory Environmental Sciences Division, February 1988, 
DOE/NBB-0082. 

51~rris, P.W.G., Prepared Testimonv on behalf of Pacific Gas and 
52 Eleetric Company, Proceeding before the California Public 

- 87 -



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 

utilities Commission (PUC). 1985. 

National Energy Board of Canada (NEB), Canadian Eneray sup-ply and 
Demand 1987-2005, september, 1988. 

Nisbet, "Some Northern Sources of Atmospheric Methane: Production, 
History, and Future Implications," Canadian Journal of Earth 
Sciences, 26:1603-1611, 1989. 

North American Electric 
Electricitv supply and 
Jersey: October, 1989. 

Reliability Council 
Demand for 1989-1998, 

(NERC) , 1989 
Princeton, New 

North American Electric Reliabili.ty Council (NERC) , ~ 
Reliabilitv Assessment: The Future of Bulk Electric system 
Reliabilitv in North America 1989-1998, Princeton, New Jersey: 
1989a. 

Northwest Power Planning Council (NPPC), 
Conservation and Electric Power Plan, 1986. 

1986 Northwest 

Nova scotia Power Corporation (NSPC), Response to Small Power 
Producers Association of Nova Scotia Information Reauest # 
Proceeding before the Nova scotia PUB, March, 1989. -

Nova scotia Power Corporation (NSPC), Response to Nova scotia 
Public Utilities Board Information Request, Question 12. (1989 
NSPC Rate Case before the Nova scotia PUB), February 1989a. 

Ontario Hydro, Demand/Supply Options Studv: The options, Report 
6525P, February, 1986. 

Ontario Hydro, Analvsis of Representative Plans: The Plans, Draft 
Demand/Supply Planning Strategy Reference Document, Report BESR 
8701, January 1987. 

Ontario Hydro, Economic Studies section, strateaic Conservation 
Summarv Report: Commercial/Industrial/Residential sectors, File 
No. 570.1 (#514), May, 1987a. 

Ontario Hydro, Meeting Future Eneray Needs: Draft Demand/Supplv 
Planning Stateay, Report 666SP, December, 1987b. 

Ontario Hydro, Meeting Future Energy Needs: Draft Demand/supplv 
Planning Stategv. Supplementarv Documents, Report 666A SP, 
December, 1987c. 

Ontario Hydro, Providina the Balance of Power, Demand Supply Plan 
Report and Environmental Analysis, 1989. 

Ontario ~inistry of Energy, Review of Review gf Ontario Hvdro's 
Draft Planning Strateav: Report of the Electricitv Plannina 

- 88 -



1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

Techncial Advisory Panel to the Ministrv of Eneray, July, 1988. 

PLC, Incorporated, Conservation Potential in 
Minnesota, Report prepared for the Minnesota 
Public Service, June, 1988. 

the State of 
Department of 

Pacific Gas and Electric Company, Common Forecasting Methodology 
(CFM) 8 Supply Forms, California Energy Commission Docket 88-
ER-8, 1989. 

Passmore Associates International, The Private Power Ootion for 
Canada, October 1987. 

Postel, S., and Heise, L., "Reforesting the Earth," in 8tat. of 
the Wor1d 1988, A World Watch Institute Report on Progress 
Toward a Sustainable Society, (New York: W.W. Norton & Co., 
1988), Chapter 5, pp. 83-100. 

Rosen, R. A., Further Testimonv on behalf of 
~D<se,!,n~a ... r~t",m .. e~n ..... t,--,o ... f"-~Eu~b,,,,1 ... 1~' c.....,~s'::e;;:rY~ ... i .. c ... e, Proceeding before 
Public Service Board (PSB). February 6, 1990. 

the Vermont 
the Vermont 

sedjo, Roger A., and Solomon, Allen M., "Climate and Forests," in 
Rosenberg, et al., Greenhouse Warmina: Abatement and Adaotion, 
Washington, D.C.: Resources for the Future, 1989, pp. 105-120. 

Shaver, G.R., Prefiled Rebuttal Testimony on behalf of Twenty
Four Vermont utilities, Proceeding before the Vermont Public 
Service Board (PSB). February 6, 1990. 

Societe d'energy de la Baie James (SEBJ), La Grande Riviere: A 
Development in Accord with its Environment, 1988. 

Sugiyama, S.O. and Spies, P.A., Rebuttal Testimony on behalf of 
the Bonneyille Power Administration (BPA), (BPA 1987 Wholesale 
Power and Transmission Rate Case), Exhibit 87-E-BPA-45, March, 
1987. 

U.S. Environmental protection Agency (EPA), Policy Options for 
Stabilizina Global Climate. Draft Report to Congress, edited by 
Lashof, D.A. and Tirpak, D.A., Office of Policy, Planning, and 
Evaluation, February, 1989. 

- 89 -



NATIONAL ENERGY BOARD 

-
HEARING ORDERS NO EH-3-89 AND AO-l-EH-3-89 

HYDRO-QUEBEC APPLICATIONS 

TO EXPORT ELECTRICITY TO THE 

NEW YORK POWER AUTHORITY 

AND 

VERMONT JOINT OWNERS 

PANEL NO 3 OF THE GRAND COUNCIL OF THE CREES (OF QUEBEC) 

ECONOMIC AND TECHNICAL ASPECTS AND ELECTRICITY DEMAND IN QUEBEC 

APPENDIX 1 

RESUME OF WILLIAM B. MARCUS 

• 



9/74 to 5/75 

9/70 to 6/74 

WILLIAM B. MARCUS 

EDUCATION 

UNIVERSITY OP TORONTO 

M. A. 
theory, 
utility 
Received 

in economics. Course work in economic 
econometrics, cost-benefit analysis, and 

and transportation pricing policy. 
competitive fellowship. 

BARVARD COLLEGE 

Elected to 
Undergraduate 

of Investment 
Distribution of 

A.B. magna cum laude in economics. 
Phi Beta Kappa, November, 1973. 
honors thesis: "An Application 
Portfolio Choice Models to the 
Property Income." 

EXPERIENCE 

7/84 to Present JBS ENERGY, INC. 

3/82 to 6/84 

Principal Economist. Specializing in electric 
utility economics, least-cost energy planning and 
other electric generation and transmission 
planning issues, valuation of externalities in 
energy production, load forecasting, electric and 
gas cost-of-service and rate design, production 
cost modeling, and the interaction between 
electric utilities and qualifying facilities. 
Testimony before regulatory commissions, contract 
negotiations, projections of prices and analysis of 
utility system operations. Clients have included 
government agencies, trade associations, consumer 
groups, and major private corporations in the U.S. 
and Canada. 

CALIFORNIA HYDRO SYSTEMS, INC. 

Principal Economist. Responsible for financial 
analysis of specific alternative energy projects, 
assistance to developers in power contracting, and 
testimony before regulatory Commissions on utility 
avoided costs, economics and operations. 

I 



Resume of William B. Marcus 
Page 2 

5/80 to 3/82 

Testified before California PUC and North Carolina 
utilities Commission in six hearings on avoided 
costs, resulting in increased prices for 
gualifying facilities. Also testified on gas rate 
design, conservation program evaluation, and 
electric resource planning. 

CALIFORNIA ENERGY COMMISSION, EXECUTIVE OFFICE 

Senior Economist, Office of Policy and Program 
Evaluation. prepared Commission positions for top 
management on utility finances, utility rela
tionships to independent power producers, and 
inter-utility power transfers and defended them 
before the Legislature, the California PUC, and the 
Federal Energy Regulatory Commission. 

o Principal author of Enerqv Service Corpo
rations: Opportunities for California 
utilities. one of the first documents in the 
least-cost energy planning field, outlining 
financial advantages to utilities and their 
ratepayers of conservation and alternative 
energy'" , resources. wrote testimony for the 
PUC, FERC, and Congress on utility finances 
and resource plans. 

o Analyzed economics of residential conservation 
options, resulting. in passage by several local 
governments of ordinances requiring retrofit 
of conservation measures when houses are sold. 

o Presented testimony on avoided costs which was 
largely adopted by the CPUC, and testified in 
1981 Bonneville Power Administration rate 
case before BPA and the Ninth Circuit Court 
of Appeals. 

7/78 to 5/80 CALIFORNIA ENERGY COMMISSION, DEVELOPMENT DIVISION 

Associate Economist. Provided economic and policy 
analysis on alternative energy resources. 

o 

o 

Recommended that the PUC use marginal 
costs to develop rates for backup power for 
cogeneration and utility purchase prices. 

Evaluated economics 
hydroelectric projects 
study contracts. 

of cogeneration and 
and managed feasibility 

I 



Resume of William B. Marcus 
Page 3 

9/75 to 6/78 

o prepared major reports on BPA surplus energy 
rate policies and economics of additional 
transmission between California and the 
Northwest for BPA, the california 
congressional delegation, and the General 
Accounting Office. 

JOHN F. KENNEDY SCHOOL OF GOVERNMENT, HARVARD 
UNIVERSITY 

Research Analyst. Prepared reports on hydro
electric power, water transportation, environmental 
regulation, and local government finance for use as 
teaching materials in a graduate public policy 
program and publication in the Kennedy School Case 
Series. Assisted in teaching benefit-cost analysis. 

I 



PUBLICATIONS AND MAJOR REPORTS PREPARED BY WI!.TJAM B. MARCUS 

Demand Side Management potential of Maior State Facilities in the 
Sacramento Municipal utility District 
prepared for the California Department 
September, 1989. (co-author) 

service Area. Report 
of General Services. 

Economic Evaluation of ' the Ouadrex Proposal to Acquire the Rancho 
Seco NUclear Plant and Sell Power to the Sacramento Municipal 
utilitv District. Report prepared for SHUD Director Edward 
Smeloff. AUgust, 1989. 

Projection of the Avoided Cost of Haui Electric Company. 1989-
1995. June, '1989. Prepared for Hawaiian Commercial and 
company. (principal author) 

Sugar 

Evaluation of the Avoided Costs of the Nova Scotia Power 
Corporation. March, 1989. prepared jointly for the Nova Scotia 
Power Corporation and the Small Power Producers Association of 
Nova Scotia. 

Analysis of Ontario Hydro's Proposed Private POwer Bidding 
Program. December, 1988. Prepared for the Ontario Ministry of 
Energy. (co-author) 

Incorporation of Environmental Issues in Electricity Resource Case 
Analysis and Plannina. November, 1988. Prepared for 
Independent Energy Producers Association. (co-author) 

the 

Electric utilitv Plannina for the 1990s; Presentation for the 
Ontario Leaislature Select Committee on §pergy. September, 1988. 
Prepared for the Committee. 

"Playing the utility Rate Game." Western City. 54, May, 1988. 
(co-author) 

Avoided 
Como any 
Hawaiian 

Costs of Maui Electric Companv. Hawaii Electric Light 
and Kauai Electric. January, 1988. Prepared for the 
sugar Planters Association. (principal author) 

"Regulatory Cases Will' Determine California QF 
.. A",l",t",e ... r,-,n...,a""t ... ~",'v=e,--... s",o",u",r",c .. e .... s_..>o",f.....,E",n""e ... r ... gy=, 95, November, 1987. 
author) 

Market." 
(principal 

Electric utilitv Cost-of-Service and Rate Design Report. Town of 
Julesburg. Colorado. September, 1987. Prepared for the Town of 
Julesburg under contract to the Western Area Power 
Administration. (principal author) 

..... rojection 
Company. 
Services, 

of Avoided costs of the Pacific Gas 
1990-2000. 
Inc., and 

February, 1987. Prepared 
Amador County, California. 

and Electric 
for Ebasco 

(principal 

I 



author) 

More on the Effects of CWIP in the Rate Base. Public Uti1ities 
Fortnight1v, 119, January 8, 1987. 

Eva1uation of Long-Run Avoided Cost Calculation Methods. May, 
1986. prepared for Passmore Associates and the Ontario Ministry 
of Energy. (principal author) 

The Regulatory Factor In Wind Power contract Development. 
Paper presented to the American Society of Mechanical Engi
neers Second Wind Energy Symposium. Houston, Texas, January, 
1983. (principal author) 

"Delivering 
Regulators." 
author) 

Energy Services: New Challenges for utilities 
Annual Review of Energv, 1982. 7:371-415. 

and 
(co-

Delivering 
ties. CEC 
author) 

Energy Services: New Challenges for california Utili
Staff Report P110-82-003. March 1982. (principal 

Achieving Energy Efficiency in Existing Buildings. CEC Staff 
Report P110-80-003. July 1980. (co-author) 

Estimating utilities' Prices for Power Purchases from Alternative 
Energy Resources. CEC Staff Report P500-80-015. March 1980. 

Comparative Evaluation of Non-Traditional 
CEC Staff Report P500-80-006. February 1980. 

Energy Resources. 
(co-author) 

cost-Based Rates for cogeneration i~ California. 
ed to the Electric Power Research Institute 
Conference, San Antonio, Texas, April 1979. 

Paper present
Cogeneration 

Author or co-author of eight case studies published by the 
Kennedy School of Government, Harvard University, and the 
Inter-University case Clearinghouse. 

I 



TESTIMONY AND FORMAL COMMENTS PREPARED BY WITJJAM B. MARCUS 

California Energy Commission (CEC) Docket 88-ER-8. Availability 
of Pacific Northwest Power to California. December, 1989. 

California Public utilities Commission (CPUC) App. 
Gas Demand Forecast and Residential Gas Rate Design 
Gas and Electric Company (PG&E). November, 1989. 

89-08-024. 
of P~cific 

Federal Energy Regulatory Commission (FERC) Docket EC89-5-000. 
Qualifying Facility Transmission Access and the Southern 
California Edison (SCE)-San Diego Gas and Electric (SDG&E) 
Merger. November, 1989. 

CEC Docket 88-ER-8. Future Electricity Use by Computers 
Other Office Equipment. october, 1989. (co-author) 

and 

CPUC App. 89-05-064. Ratemaking Treatment of SCE's Contract to 
Sell Power to the Sacramento Municipal Utility District (SMOD). 
september, 1989. 

Alberta Public Utilities Board. TransAlta utilities 1988-1990 
General Rate Review. (1) Ratemaking for Advertising, Public 
Relations Expenses, and organization Membership Dues; (2) 
preliminary Report on Production Cost Modeling of the Alberta 
Interconnected System. August, 1989. 

CPUC. Informational Hearing on Conservation Policy. 
of Environmental Externalities; Integration of 
Programs into Conservation Bidding. July, 1989. 

Evaluation 
Low-Income 

CPUC App. 
Company's 
1989. 

88-12-047. Evaluation of Southern 
(SoCal Gas) Low Income Conservation 

California Gas 
Programs. May, 

CPUC App. 88-01-021. Rate Base and Revenue Requirements for Rural 
Water Company. May, 1989. 

CPUC App. 88-12-005. Residential Electric Rate Design for 
pacific Gas and Electric company (PG&E). April, 1989. 

CPUC App. 88-12-005. Electric Marginal Cost and 
Allocation for PG&E. April, 1989. 

Revenue 

CPUC App. 88-12-005. 
Development Activities. 

PG&E's Subsidiary and Research 
April, 1989. 

and 

Nova Scotia Board of Public Utilities commissioners (NSPUB). 
Nova Scotia power Corporation (NSPC) Work Order 33401. Need for 
and Alternatives to the Point Aconi 1 Coal Plant. Narch, 1989. 

,.never presented because Government passed legislation removing 
NSPUB authority over the plant) 
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CPUC App. 88-09-032. Cogeneration Gas Rate Design for PG&E. 
January, 1989. 

California Energy Commission (CEC) Docket 87-ER-7. Supply 
Planning Assumptions: Nuclear Plant Availability, Transmission 
and Distribution Losses, out-of-State Power Availability and 
Cost. october, 1988. 

Alberta PUB. 1987 EEMA Adjustment Hearing: Classification of 
Generation Plant to Demand and Energy and Allocation of Demand 
Costs to customer Classes. september, 1988. 

CPUC OII 88-07-009. Low Income Energy Assistance and Baseline 
Rate Reform. August, 1988. 

CPUC App. 88-02-003. Evaluation of Southwest Gas corporation's 
Low-Income Conservation Program. July, 1988. 

CPUC App. 88-04-057. 1988-89 Electric Load Forecast for PG&E. 
June, 1988. 

CPUC App. 87-12-003. Electric Marginal Cost, Revenue Allocation, 
and Rate Design for SDG&E. April, 1988. 

CPUC App. 87-12-003. SDG&E Results of Operations Issues: Working 
Cash, Depreciation, Productivity Adjustments. April, 1988. (only 
depreciation testimony presented: client reached stipulation on 
other issues) 

CPUC App. 
Company's 
1988. 

87-10-021. Evaluation of Southern California Gas 
(SoCal Gas) Low' Income Conservation Program. April, 

Utah Public Service commission (UPS C) Case No. 86-057-07. 
Transportation Terms, conditions, and Rate Design. March, 
(never presented because client reached stipulation) 

California 
Forecasting 

Energy Commission (CEC) Docket 87-ER-7. 
Issues. March, 1988. (principal author) 

Gas 
1988. 

Demand 

Colorado Public utilities Commission. Case No. 6651. Security 
Requirements in QF Contracts. March, 1988. (given orally) 

NSPUB. NSPC Work Order 33141 (Trenton 6 Coal Plant). Load 
Forecast and Price Elasticity of Demand, Project Cost and 
Financial Issues, conservation and Small Power Production 
Alternatives to the Project. December, 1987. (principal author) 

CEC Docket 87-ER-7. Demand Forecasting Issues including Economic 
and Demographic Projections, Commercial Forecasting Issues, and 
Forecast Calibration. October, 1987. (principal author) 
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Massachusetts 
Cogeneration 
Massachusetts 

Department of Public Utilities (MDPU). 
Contract. FUture Avoided Costs of 
Electric company. October, 1987. 

CPUC App. 87-07-007. Electric Marginal Cost and 
Allocation for SDG&E. September, 1987. 

Wilson 
Western 

Revenue 

Alberta PUB and Energy Resources Conservation Board. Proceeding 
No. 870621. Avoided Cost Methodology and Methods for Analyzing 
capacity Value of Small Power Production. August, 1987. 

CPUC OII 86-06-005. Noncore Gas Rate Design. July, 1987. 

New Mexico Public service Commission (NMPSC) Case No. 2044. 
Analysis of El Paso Electric's Arizona Interconnection project. 
June, 1987 (never presented because client reached stipulation) 

CPUC App. 86-12-047. Evaluation of SCE's Low Income Conservation 
Program Funding Levels. May, 1987. 

CPUC App. 86-12-047. Residential Rate Design for SCE. 
1987. 

May, 

CPUC App. 86-12-047. SCE's Marginal CUstomer Costs. May,· 1987. 

oregon public Utility Commission 
Marginal Cost and Rate Spread 
April, 1987. 

(OPUC) Case No. UE-54. Electric 
for CP National corporation. 

CPUC App. 82-04-044 
as the Avoidable 
(principal author) 

et al. British Columbia Hydro's Site C Dam 
Resource for QF Bidding. April, 1987. 

CPUC App. 82-04-044 et al. EValuation of utility Resource Plans 
and Long-Run Avoided costs, April, 1987. 

CPUC App. 84-12-015. 
Account. April, 1987. 

SDG&E's Southwest Powerlink Balancing 

Bonneville Power Administration (BPA) 1987 Wholesale Power and 
Transmission Rate Case. Nonfirm Energy Rate Design and Flexible 
Transmission Rates. April, 1987. 

CPUC OII 86-11-019. Ratemaking for Contributions in Aid of 
Construction Under the Tax Reform Act of 1986. March, 1987. 

Transmission Agency of Northern California. Draft EIS 
California-Oregon Transmission Project. Need for and 
of the project. March, 1987. 

for the 
Economics 

~strict of Columbia Public Service Commission. Formal Case No. 
834. Qualifying Facility Policy. February, 1987. (coauthor) 



UPSC Case No. 86-035-13. Backup, Maintenance, 
Power Rates of Utah Power and Light company 
1987. (never presented because case settled) 

and supplementary 
(UP&L). January, 

US Bureau of Indian Affairs. Administrative Appeal of Final EIS 
for Ojo Line Extension Project of Public Service Company of New 
Mexico (PNM). Generation and Transmission Alternatives to the 
Project. December, 1986. (coauthor) 

CPUC App. 86-09-029. Cost-Effectiveness of SoCal Gas' Low Income 
Conservation Programs. November, 1986. 

NMPSC case No. 2053. 
November, 1986. 

PNM's Self-Generation Deferral Rate. 

UPSC Case No. 80-999-06. Avoided Costs of UP&L. November, 1986. 

CPUC App. 86-07-041. SCE's Low Income Conservation Programs. 
November, 1986. 

CPUC OIl 
Shaving. 

86-06-005. 
August, 1986. 

Impact of Gas Demand Ratchets on Peak 

CPUC App. 86-04-012. Residential Electric Rate Design of PG&E. 
August, 1986. 

Sacramento Municipal Util~ty District (SMUD). Rate Design for 
Rate Increase Caused by Nuclear Powerplant outage. May, 1986. 

California Public utilities commission (CPUC) App.86-04-0l2. 
Electric Marginal Cost and Revenue Allocation of PG&E. May 1986. 

CPUC APP. 85-12-050. Economics of Bimonthly Bills for PG&E's 
Residential customers. May, 1986. 

MDPU Docket 84-276. Comments on Proposed Rules Regarding Avoided 
Cost Calculation and Contract Terms. March, 1986. 

CPUC App. 82-04-044 et al. Phase II. Long Run Avoided Cost Cal
culation and Contract Terms. January, 1986. 

Multnomah County oregon Circuit Court. 
v. Oregon Public Utilitv commissioner, 
Statistical Analysis of Attorney Fees 
Lawsuits. December, 1985. 

Coalition for Safe Power 
Cases A82l0-06692 et al. 
Awarded In Class Action 

California State Senate Committee on Energy and Public Utilities. 
Legislative Hearings on Utility Diversification. November, 1985. 

CPUC Case 84-10-37. Special Facilities Charges of 
~ovember, 1985. (never presented because case settled) 

PG&E. 
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CPUC Informational Hearings on utility Diversification. Utility 
Entrance into the Qualifying Facility Market. October, 1985. 
(coauthor) 

MDPU Docket 84-276. Avoided Cost Methodology and Contract Terms. 
October, 1985. 

connecticut Department of Public utility control Docket 85-04-16. 
Avoided Cost MethodOlogy, Contract Options, and Standby Rates for 
Connecticut Light and Power Company and United Illuminating 
Company. July, 1985. 

CPUC App. 84-12-15. Electric Marginal Costs, Revenue Alloca
tion, and Rate Design of SDG&E. May, ,1985. 

CPUC App. 84-12-15. SDG&E Results of Operations Issues: Amor
tization of LNG Plant, Customer Advances for Construction, 
Ratemaking for Proceeds of Sale of Subsidiary, Economic Use of 
Southwest Powerlink. April, 1985. 

CPUC App. 85-01-021. Evaluation of SCE's Low Income Conservation 
Program. March, 1985. 

Hawaii Public Utilities Commission. Docket 5069. 
Regarding Qualifying Facilities. December, 1984. 

RUlemaking 

South Carolina Public Service Commission Docket 80-25l-E. Long
Run Avoided Cost of Duke Power Company (Duke), carolina Power and 
Light Company (CP&L), and South Carolina Electric and Gas 
Company. December, 1984. 

Bonneville Power Administration, (BPA). 1985 Rate case. Non-Firm 
Energy Rate Design and Transmission Intertie cost-Effectiveness. 
November, 1984. 

North Carolina Utilities commission (NCUC) Docket E-100, Sub 
41A. Long-Run Avoided Costs of Duke, CP&L, and Virginia Electric 
Power company. October, 1984. 

CPUC App. 82-04-44, Phase I. Long-Run Avoided Cost Methodology. 
July, 1984. 

Oregon Public Utility commissioner case UE 21 (Pacific Power and 
Light--PP&L). Ratemaking Options for Colstrip and the Power Sale 
to Black Hills Power and Light company. July, 1984. 

SHOD. Comments on the staff Marginal Cost study. May, 1984. 

CPUC APP. 83-12-53. 
1984. 

---
Avoided Cost and Rate DeSign of' SCE. May, 

NCUC Docket E-100 Sub 41A. Avoided Costs of CP&L. March, 1984. 
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CPUC App. 82-12-57. Cost-Effectiveness of SDG&E's Low Income 
Weatherization Program. June, 1983. 

CPUC App. 82-12-48. Avoided Costs and Special Facilities Charges 
of PG&E. April, 1983. 

CPUC App. 83-01-62. Implementation of Gas Rate Design Guidelines 
for PG&E. March, 1983. 

CPUC App. 82-03-67. Avoided Costs of PP&L. February, 1983. 

CPUC App. 82-04-44. Long-Run Avoided Cost Methodology. January, 
1983. (principal author) 

Illinois Commerce Commission. Docket 82-0559. Gas Rate Design 
and Conservation Programs. January 1983. (never presented 
because Commission suspended case) 

NODC Docket E-100, Sub 41. Avoided Cost of Duke Power. December 
1982. 

CPUC Apps. 82-03-26 et a1. Short Term Power Purchase Offers for 
Small Power Producers. August 1982. 

CPUC App. 60153. Management Incentives for Utility Conservation 
Programs. March 1982. 

U.S. Ninth Circuit Court 
Economic Effect of Prices 
Pacific Northwest Utilities 

of Appeals. Case 
Charged to California 
in July 1981. January 

No. 81-7636. 
utilities by 

1982. 

FERC. Docket No. 8IRM-38. Inclusion of Construction Work in 
Progress in the Rate Base of Regulated Utilities. October 1981. 

CPUC App. 60153. 
Methods. July 1981. 

Conservation Cost-Effectiveness Evaluation 

SMUD. PURPA section 114 Evidentiary 
CUstomer Charges, and Lifeline Rates. 

Hearing. Cost-of-service, 
June 1981. 

CPUC App. 60153. PG&E's Financial Condition. May 1981. 

BPA 1981 Wholesale Power Rate Case. Cost-of-Service and Rate 
Design. April 1981. 

CPUC Docket OIR No.2. written and Oral Comments on Avoided Cost 
Pricing. February 1981, December 1980, November 1980. 

CPUC App. 60077. 
Energy Producers. 

CEC Docket 80-BR-3. 
September, 1980. 

Cost Basis of Loan Guarantees to Non-utility 
December 1980. 

Northwest Power Availability to California. 
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SHOD. 1980 General Rate Case. critique of the 1979 SHOD Average 
Cost of Service Study. January 1980. 

SHUD. Hearings on PURPA Title I Standards. SHOD Rates for Con
servation and Equity. october 1979. (coauthor) 

BPA. 1979 Rate Case. Nonfirm Energy Rates. 
(principal author) 

August 1979. 

BPA. 1979 Rate Case. Constructive Alternatives to BPA's Proposed 
Rate Increase. November 1978. (principal author) 
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PROFESSIONAL EXPERIENCE 

IAN GOODMAN 

Principa~ The Goodnum Group, BotrtorI, J£( 

1989 - present 

Research and consulting in various aspects of utility regulation and economics. Assess power supply 
planning and operation, environmental effects, and potential for conservation. Review power sales 
agreements. 

Consulting Associate, PI£, Inc., Bostor., J£( 

1986 - present 

Research and consulting in various aspects of utility regulation and economics. Assess potential 
for conservation, non-utility generation" r;egional power imports, and other supply alternatives. 
Review prudence of prior power supply investment decisions. Research utility rate design and 
allocation issues including rates for independent power producers. Develop end-use-specific 
estimates of utility demand. Evaluate district heating system management. Advise utilities and 
regulatory commissions in least-cost planning. 

Consulting Associate, AnIIlysis and Inferena., Inc., Bostor., J£( 

1981 - 1986 

Research and consulting in various aspects of utility regulation and statistical applications. 
Reviewed prudence of utility power plant construction programs with emphasis on cost and schedule 
of nuclear plants. Researched utility rate design and allocation issues. Reviewed demand forecasts. 

Management and analysis role in statistical theft estimation projects concerning fuel oil overbilling 
and theft of parking meter and transit revenue. Responsibilities included investigation of causal 
factors; design and supervision of data entry; project scheduling and budget; and client interface. 

0msultIDrt, SaIgo & 1M, Boston, J£( 

1978 - 1987 

Research and consulting in electric utility regulation and civil damage litigation. Reviewed nuclear 
construction programs and alternatives, demand forecasts, transmission line proposals, and state rate
making policies. Investigated the effects of regional power pool rules on independent power 
~ucers. Evaluated damage claims arising from power plant equipment outages. Estimated long 
term medical and nursing care costs. 



Independent Business Consultant, Eastern Massachusetts 
1985 - present 

Consulting in business strategy and operations, contract negotiation, marketing, and management 
information systems for start-up software firms_ Advised in software publishing arrangements, equity 
structuring, personnel requirements and compensation, advertising, and customer contact programs. 
Managed and customized installation and operation of computerized accounting systems. 

Researr:heir, Massachusetts Institute of Technology, Cambridge, MA 
1975 -1977 

Developed truck cost component of econometric model of national freight transport policy impacts. 
Analyzed utilization of intermodal services for study on government regulation and innovation in 
the railroad industry. Contributed to policy-specific model of energy use for inter city goods 
movement. 

EDUCATION 

S.B., Civil Engineering, Transportation Systems Division, Massachusetts Institute of Technology, 
June, 1977. 

APPOINTMENTS AND PUBliCATIONS 

Delegate, New England Energy Congress (1978), Regulatory and Institutional Process Committee. 

Chernick, P., Goodman, I., and Espenhorst, E., "Analysis of Fuel Su~titution as an Electric 
Conservation Option," PLC, Incorporated, November 7, 1989. 

Chernick, P., Goodman, I., "Conservation Potential in the State of Minnesota, Volumes I and II," 
Minnesota Department of Public Service, June 1988. 

Chernick, P., Goodman, I., "The Excess Capacity Situation of Minnesota Power: Magnitude, 
Duration and Origin," Minnesota Department of Public Service, August 1987. 

Chernick, P., Finger, S., Goodman, I., and Meyer, M., "Final Report, Phase I, Module IV, Rate 
Design/Analysis," Pacific Northwest Electric Power and Conservation Planning Council, 
December 1981. 

Goodman, I. and Friedlaender, A, "Regional and Commodity Price-Indices for the Trucking 
Industry," M.I.T. Center for Transportation Studies, CTS Report 77-13, July, 1977. 



ADVISORY ASSIGNMENTS TO REGULATORY COMMISSIONS 

District of Columbia Public Service Commission, Docket No. 834, Phase U; Least·cost planning 
procedures and goals; August 1987 to March 1988. 

EXPERT TESTIMONY 

Information is presented in the following order: jurisdiction and docket number; title of case; 
client; date testimony filed; and subject matter covered. 

1. MDPU 89-72; Statewide Towing Association, Police-Ordered Towing Rates; Massachusetts 
Automobile Rating Bureau; September 13, 1989. 

Review of study supporting proposed increase in towing rates. Critiques of study sample 
and methodology. Comparison to competitive rates. Supply of towing services. Effects of 
joint products and joint sales on profitability of police ordered towing. Joint testimony with 
P.L Cbernick. 

2. Vermont Public Service Board Docket 5330; Application of Vermont Utilities for Approval 
of a Fum Power and Energy Contract with Hydro-Quebec; Grand Council of the Crees (of 
Quebec) and New England Coalition for Energy Efficiency and the Environment; December 
19, 1989. Supplemental testimony January 18, 1990. 

Review of a proposed 45O-MW, 20 year purchase of Hydro-Quebec power by twenty-four 
Vermont utilities. Analysis of planning and operation of Hydro-Quebec power supply. 
Modeling of hydro reservoir levels. Determination of marginal supply resources associated 
with sales to VermonL Estimation of acid rain and greenhouse gases emissions from fossil 
and hydro generation. Analysis of risk and reliability issues including diversity of supply, 
transmission adequacy and security, and adequacy of energy supply. Estimation of achievable 
conservation potential in Quebec. Development of proposal for exports to Vermont based 
on conservation and alternative supply resources in Quebec. Joint testimony with W.B. 
Marcus 
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1 1. XNTRODOCTXON 

2 

3 Q: What is the purpose of this Appendix? 

4 A: This Appendix estimates the amount of energy conservation 

5 resources that are available in Quebec at a cost that is 

6 competitive with that of HQ's planned hydro development. 

7 Q: What is the base case that your estimates of energy savings are 

8 relative to? 

9 A: We have reviewed HQ's 1989 Demand Forecast (La demande 

10 d'electx:icite ay Ouebec - Horj,zQn 200§) to determine HQ's base 

11 case (target scenario) of domestic load. ' Our conservation 

12 estimates are relative to this forecast. 

13 Q: What kind of estimates have you prepared? 

14 A: We have estimated reasonably attainable conservation by the Year 

15 2001 using current technologies. They are not to be confused 

r6 with estimates of the potential fO~ future conservation. 

17 Estimates of conservation potential are likely to be 

18 considerably higher than these estimates. Moreover, all of the 

19 recommendations below are based on existing technology; none 

20 require technological breakthroughs which may well occur in the 

21 next twelve years but are not certain. We have deliberately 

22 backed these estimates down from total savings estimates on a 

23 number of occasions to reflect that some customers may not 

24 implement measures even if the utility provides incentives. 

25 'HQ's 1989 Development Plan embodies this forecast in its 
26~argeb scenario. 
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1 At the same time, these estimates (with the exception of one 

2 adjustment to water heating usage) are also not estimates of 

3 what will occur under a "business as usual" demand forecast. 

4 Some effort and cost will be required to obtain these 

5 conservation resources, although at least a large subset of the 

6 conservation identified below is likely to be as cost-effective 

7 or more cost-effective and considerably less risky than the new 

8 Hydro-Quebec construction currently proposed. 

9 Q: DO your estimates consider transmission and distribution losses? 

10 A: Yes. For each sector, the losses that will be avoided by 

11 reducing customer consumption are added to the estimated savings 

12 at the customer meter to calculate the total savings. For the 

13 residential and commercial sectors, losses of 9% of electricity 

14 delivered are assumed. Industrial sector losses of 7% are 

15 assumed. 2 

16 Q: Can you summarize your results? 

17 A: By the year 2001, reasonably achievable conservation in the 

18 residential sector is 10.6-11.7 TWh and 2,645-3,015 peak MW. 

19 For the commercial sector, savings of 7.1 TWh and 1,775 peak MW 

20 are estimated. Industrial sector savings of 9.1 TWh and 1,225 

21 peak MW are reasonably attainable. The total for HQ by 2001 is 

22 about 27 TWh and 5,645-6,015 peak MW. This corresponds to 15% 

23 20evelopment Plan at 79 indicates losses on a system-wide 
24 basis of 10% in future years and 9.0-9.5% in historical years. We 
25 adjusted this figure to exclude non-marginal losses and reflect the 
26 pattern of transmission and distribution losses for each sector. 

- A-2 -
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1 

2 

3 

4 

5 

6 

7 Q: 

8 A: 

9 

10 

11 

12 .... 

of projected energy loads and 16% of peak demand. 3 

The savings identified are quite substantial in terms of 

HQ's proposed hydro development program. Achievable 

conservation by the year 2001 is approximately twice as large 

as the output of the proposed Grande Baleine hydro project and 

more than 60% of the output of the full NBR project. 

How have you structured your testimony? 

In section 2, we consider the residential sector. section 3 

reviews the commercial sector. The industrial sector is 

examined in section 4. Section 5 discusses conservation program 

design. section 6 summarizes our energy savings estimates. 

3Based on the HQ 1989 load forecast and Development Plan. 

- A-3 -
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1 2. RESIDENTIAL BECTOR 

2 

3 2.1 Overview 

4 Q: How has Hydro-Quebec broken down its residential sector 

5 consumption? 

6 A: It has divided residential consumption into five categories: 

space heating, water heating, other electrical uses, second 

homes, and agricultural uses. The last two of these categories 

account for only 5% of total residential use and will not be 

discussed further. 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 Q: 

21 

The forecast is summarized in Table A2.1 for the years 1989, 

1996, and 2001, based on Hydro-Quebec's publication, La demande 

d' electrici te au Ouebec - Horizon 2006 (henceforth DEQ or 

Hydro-Quebec, 1989)." 'Annual usage remains virtually constant 

at above 17,000 kWh, as increased saturation in electric heat 

offsets minor efficiency gains elsewhere. Each sector will be 

addressed in turn. 

2.2 Space Heating 

will you detail Hydro-Quebec's residential space heating sector 

forecast? 

22 A: Based on the data in Table A2.1, the saturation of electric and 

23 dual energy heat increases from 71% in 1988 to 82% by 2001. 

24 This increase in saturation results from the addition of 

25 

__ 26 

538,000 new dwelling units, of which 492,000 (91.4%) are 

projected to use electric heat. In addition, conversion of 

- A-4 -
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1 268,000 existing (largely pre-198l) homes from oil and gas to 

2 electricity is forecast. 

3 

4 

Hydro-Quebec shows a 13% decline in usage per household for 

electric heat over the next 12 years. However, this decline 

5 appears to be largely based on three factors, one of which can 

6 be disaggregated and the other two of which cannot: (1) an 

7 assumed 8.9% improvement in efficiency for the dwellings built 

8 before 1981 from 1987 to 2001, which accounts for 762 kWh of the 

9 1468 kWh improvement: (2) a 6.5% improvement in the use of 

10 post-198l single-family homes: and (3) an increasing mix of 

11 apartments which use only 5100 kWh apiece due to the sharp 

12 decline in the number of persons per household. 

13 Table A2.2 tracks Hydro-Quebec's housing units by vintage 

14 and fuel type from 1981 to 2001. The use per household of the 

15 pre-198l cohort is estimated by Hydro-Quebec, as is the use per 

16 household of post-198l single-family units and apartments (DEQ, 

17 Tableau A2.7), given total levels of consumption and total 

18 numbers of electrically heated units by vintage. The 

19 calculation of the split between single-family and multi-family 

20 units for cohorts after 1981 can be done algebraically. 

21 Efficiency levels for each cohort are designed to match the 

22 aggregate efficiency levels of all post-198l dwellings contained 

23 in DEQ, Tableau A2. 7. An assumption is made that limited energy 

24 savings would occur in the 1981-88 cohort in HQ's forecast and 

25 that new single-family units would gradually become more 

26,. efficient. 

- A-5 -
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1 It is also important to note that HQ believes that its 

2 calculation of space heating use by electrically heated homes 

3 may be low. It calculates usage by electrically heated homes 

4 above that of homes not heated with electricity. This 

5 calculation does not take account of the considerable amount 

6 of auxiliary electric space heating in homes heated with gas 

7 or fuel oil. HQ identified that 29% of non-electrically heated 

8 homes used significant amounts of auxiliary electricity, an 

9 average of 3664 kWh per such household. (DEQ, p. A2.4) When 

10 this auxiliary use is taken into account, actual electric heat 

11 unit energy consumption would increase by an average of 1060 

12 kWh. 

13 A baseline forecast for electric heat should thus be 

14 increased by 1060 kWh when evaluating the level of conservation 

15 which has actually been achieved or could be achieved in this 

16 sector. 

17 

18 

19 Q: 

20 

2.2.1 Pre-198l Housing 

How would you estimate the potential 

electrically heated housing stock? 

savings in HQ's 

21 A: The housing stock will be divided into three vintages:, pre-

22 1981, 1981-1988, and new stock after 1988 and into single-

23 family and multi-family stock. We will first discuss pre- 1981 

24 stock. 

25 Q: will you describe the data which you have used to estimate 

26 savings from pre-198l housing? 

- A-6 -
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1 A: 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

We reviewed three major sources of data relating to experience 

in Ontario, the Pacific Northwest, and Minnesota. In reviewing 

these data, we have only reviewed savings from weatherization. 

Our data are therefore conservative, as they include no 

potential use of ground-source heat pumps which are estimated 

as having potential savings of 400 MW in Ontario by the year 

2000 (Ontario Hydro, 1987a). 

Marbek (1987) estimated consumption in Ontario of 23,630 kWh 

per unit for pre-1981 single-family units, and 16,680 kWh/unit 

for units built between 1981 and 1988. Pre-1981 multi-family 

units of three different types were estimated with average 

consumption of 9960 kWh. Marbek also estimated that 57% of 

Ontario's pre-1981 all-electric units were single-family homes. 

The average of Marbek's estimate of use of pre-1981 electrically 

heated homes in Ontario is 17,780 kWh. This compares to HQ's 

estimate of 1981 use (adjusted for auxiliary electric heat) of 

13,672 kWh. 

The difference between Marbek's Ontario figures and 

Hydro-Quebec's lower average can be explained by the different 

characteristics of the housing stock in the two provinces. 

Applying Marbek's usage figures for various housing types to 

Quebec hous ing stock percentages from statistics Canada's latest 

decennial census, the 17,780 MWh would be reduced to 14,672 MWh, 

7.3% higher than Hydro-Quebec' s estimated use in pre-1981 Quebec 

buildings adjusted for auxiliary heat. The remaining 7.3% can 

26 then be explained by the difference in the size of the buildings -.. 
- A-7 -
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1 after controlling for owner-occupancy or rental. Owner-occupied 

2 dwellings in ontario have an average of 6.8 rooms, compared to 

3 6.4 rooms for similar Quebec dwellings, or about 6.2% more 

4 space. Rental units in ontario have an average of 4.4 rooms, 

5 compared to 4.1 rooms in Quebec, a difference of 7.3%. Marbek' s 

6 ontario estimates, scaled down proportionally, can thus be 

7 reasonably transferred to Quebec. 

8 savings from pre-198l single-family units of 37% are 

9 estimated from four measures (increasing attic insulation to 

10 R-50, reducing energy infiltration, increasing doors from R2 to 

11 R15, and basement insulation) as attainable from the pre-1980 

12 single-family units at a cost of 2.4 cents4 per kWh, bringing 

13 their use down to 14,890 kWh. Marbek (1987) This amounts to 

14 savings of 2185 GWh or 755 peak MW before losses at a 33% load 

15 factor from 250,000 dwellings. Marbek estimates savings of 15% 

16 in pre-198l apartments from very cheap air infiltration control 

17 measures alone (0.7 cents per kWh). This suggests that much 

18 greater savings are likely to be available in this sector if 

19 landlord-tenant barriers can be overcome. 

20 The Northwest Power Planning council (NPPC, 1986) developed 

21 a similar estimate of potential, finding 45% savings from 

22 existing single-family houses at an average cost of 3.5 cents 

23 per kWh. This program would reduce usage from 11,047 kWh per 

24 
25 
26 

.... 27 

4This and all subsequent conservation cost estimates are 
stated in real 1989 Canadian dollars. For estimates originally 
stated in us dollars, an exchange rate of $.85 CAN/$l us is 
utilized. 
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1 unit to 6077 kWh, for units in a more temperate climate than 

2 Quebec. Under this set of estimates a single-family house 

3 would be taken to R38 ceiling insulation, Rll wall insulation, 

4 R-30 crawlspace or basement insulation, and triple glazing at 

5 an investment cost of $3.90 per square foot (or approximately 

6 $5300 at the regional average house size of 1355 sq. ft.). 

7 (NPPC, 1986) This estimate takes into account actual behavior 

8 prior to conservation. NPPC also estimated potential savings 

9 from existing multi-family units. These units are often more 

10 poorly weatherized than single-family units. NPPC found savings 

11 of nearly two-thirds available in this sector (from 5421 kWh to 

12 1838 kWh) at a cost of $3.70 per sq. ft. 

13 PLC (1988) estimated a potential for approximately 50% 

14 savings in Minnesota from a combination of insulated window 

15 shades and shutters, caulking, weatherstripping, doorsweeps, 

16 attic hatch insulation, outlet gaskets, and insulation to the 

17 R-58 range. None of the measures are estimated to cost more 

18 than 4.7 cents per kWh. 

19 Q: What savings could Hydro-Quebec reasonably be expected to 

20 realize from pre-1981 space heating units by the year 2001? 

21 A: Assuming for conservatism, a 35-40% estimate of potential from 

22 pre-1981 dwellings (given HQ' s relatively low initial 

23 consumption) and HQ's 1981 usage, use per unit would be cut 

24 from 13,672 kWh to between 8203 to 8885 kWh. Approximately 

25 80% of strategic potential could be developed with incentives 

26 based on the cost of new generation. (Ontario Hydro, 1987a) -.. 
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1 We thus show a potential reduction of 28-32% from 13,672 kWh 

2 to between 9297 and 9843 kWh per unit. As HQ's forecast, 

3 adjusted for auxiliary heating, shows use of 11,940 kWh per 

4 pre-198l unit in 2001, an additional 2097 to 2643 kWh per unit 

5 can be saved. Multiplying by the 1,645,000 pre-198l 

6 electrically heated units remaining in 2001, savings in this 

7 sector that could reasonably be expected to occur amount to 

8 from 3450 to 4350 GWh (1180 to 1490 peak MW).5 

9 

10 2.2.2 Existing units Built After 1981 

11 Q: Will you discuss the 1981-88 housing stock? 

12 A: HQ added 373,000 housing units during this time period, of 

13 which 94% (351,000) were electrically heated. Approximately 

14 50% of the housing units were single-family units, using 13,860 

15 kWh per unit, and 50% were multi-family units using 6360 kWh 

16 per unit after adjusting for the auxiliary heating effect. The 

17 average use was 10,040 kWh per unit after adjusting for 

18 auxiliary heating. 

19 Q: How does usage in these units compare to Ontario usage 

20 developed by other data sources? 

21 A: Use is 17% less than Marbek's estimate of 16,680 kWh for 

22 similar single-family units in Ontario but only 2% less than 

23 

24 

.... 25 

Marbek's estimate of 6500 kWh for multi-family units. Size 

differences between Ontario and Quebec units would account for 

5We have assumed a 33% load factor for electric heating • 
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1 most of this difference. Average use is also 9.5% above Nova 

2 scotia Power corporation's estimate of 9172 kWh per unit for 

3 units added in 1987 (NSPC, 1989), as would be expected in 

4 Quebec's colder climate. 

5 Q: Have any potential studies been done for savings in these types 

6 of units? 

7 A: Yes. Marbek finds savings of 19% attainable from increased 

8 insulation (from R-28 to R-50 and measures to prevent air 

9 

10 

infiltration) in single-family units bui~t in this time 

at a cost of 3.8 cents per kWh. We would also expect 

period 

that 

11 improvements in weatherization were less prevalent in 

12 multi-family units since landlords typically do not pay 

13 electric bills. 

14 Q: What is a reasonable estimate for achievable savings from such 

15 buildings in Quebec? 

16 A: Examining a 1981-88 building also may be compared to assuming 

17 that some, but not all of the retrofit measures have been 

18 already been taken and that the rest are available. 

19 An estimate of a potential of 15-20% and actual savings of 

20 12-15% from these buildings yields a figure of savings of 

21 1077-1346 kWh per unit. HQ estimates that the average stock of 

22 post-198l buildings will become more efficient over the 

23 1988-2001 period. Given the small efficiency gain in 1981-88 

24 buildings which we have assumed is embedded in the forecast by 

25 the year 2001, net savings are 320 to 420 GWh (110 to 140 peak 

26 MW before losses). --
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1 

2 2.2.3 New construction 

3 Q: Turning to new buildings, what is Hydro-Quebec's prediction? 

4 A: HQ estimates some 538,000 new dwellings by the year 2001, of 

5 which 492,000 (91.4%) would be electrically heated. Only 32% 

6 of these buildings appear to be single-family dwellings. As a 

7 result, average use is relatively low at 8310 kWh per year 

8 after the auxiliary heat adjustment. 

9 Usage by apartments is projected to decrease by only 1.6% 

10 from 6360 to 6260 kWh per year. Use in single-family houses 

11 appears to decline by about 7% from the use in the 1981-88 

12 cohort, to about 12,060 kWh per unit. 

13 Q: Will you discuss estimates of space heating conservation 

reasonably attainable in new construction? 14 

15 A: 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

At the time of new construction, when buildings are being built, 

considerably greater savings are possible than in retrofit 

situations. 

Two levels of Canadian practice are identified: homes 

meeting EE guidelines, and more thermally tight R2000 homes. 

The EE and R2000 guidelines both provide for R40 ceilings, R20 

exterior walls, and R12 basement insulation. However, R2000 

provides for additional air tightness and the installation of 

a heat recovery mechanical ventilation system to bring in 

outside air through a heat exchanger. Nova scotia Power 

Corporation (NSPC) (1989a) estimates an extra cost of $3050 and 

a savings of 17%" (2553 kWh per year) for a single-family home 
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1 in the Halifax climate; this yields a cost of about 7 cents per 

2 kWh for R2000. This cost is at variance with ontario Hydro's 

3 estimate of 3.1 cents per kWh for R2000, even when raised to 4.2 

4 cents for a 12% nominal discount rate. (Ontario Hydro, 1987a) 

5 PLC (1988) shows that a newly constructed house in a climate 

6 similar to Montreal could use only 5600 kWh per year6 (with R-39 

7 attic insulation, R-35 wall insulation, R-24 floor insulation, 

8 R-13 basement insulation, double glazing, and weatherization to 

9 permit 0.3 air changes per hour) . This 1986 analysis does not 

10 consider new low-E windows currently available, which offer R-4 

11 to R-8 insulation, and also does not consider the higher levels 

12 of ceiling insulation (up to R-58) recommended by Marbek (1987). 

13 The Northwest Power Planning Council's findings were 

14 similar. (NPPC, 1986}~, In the cold climate zone of Missoula, 

15 Montana, use could be cut from 13,300 kWh per year for standards 

16 similar to the EE standards to 8600 kWh per year with higher 

17 levels of floor, wall, and ceiling insulation, and triple 

18 glazing, and to 5900 kWh per year with infiltration controls 

19 similar to R2000 together with weatherization. Interestingly, 

20 NPPC found that the greater level.of weatherization was more 

21 cost-effective than the R2000-type infiltration controls. 

22 Infiltration controls are still cost-effective at a cost of 

23 6See Table A2. 3, a reproduction of Table 4.2.4.5 from PLC 
24 (1988). This table was developed from data prepared for Northeast 
25 utilities in Connecticut and adjusted to a northern Minnesota 
26 climate similar to the Montreal area with 10,000 heating degree 
27 ~ys per year. 
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1 about 5.0 cents per kWh. NPPC found that, while saving more 

2 energy, infiltration controls were about 20% less expensive than 

3 NSPC's estimates. 

4 NPPC found similar savings available in multi-family units, 

5 with a reduction from about 6007 kWh to 1800 kWh (70%) possible 

6 from increased weatherization and infiltration controls. 

7 Q: What is your conclusion with respect to Hydro-Quebec? 

8 A: New single-family units could easily use 35% less energy than 

9 HQ forecasts (and could possibly save more given technical 

10 advances in windows) with standard weatherization techniques 

11 and 55% if R2000 heat controls are added. We estimate 45% in 

12 this sector. Multi-family units tend not to be built as well 

13 as single family houses. Thus, savings in the 45% range can be 

14 achieved with weatherizat-ion, and 70% savings with R2000 heat 

15 exchangers. We estimate 55% in this sector. 

16 Applying these factors to the new units estimated in Table 

17 A2.2, a savings estimate of 1780 GWh is obtained, out of the 

18 3570 GWh consumed in 2001 by new buildings. Assuming a 33% load 

19 factor, this amounts to 610 peak MW. 

20 

21 2.3 Water Heating 

22 Q: will you outline HQ's forecast of residential water heating? 

23 A: HQ forecasts a slight increase in penetration of residential 

24 water heaters and a slight decline in residential water heating 

25 loads ranging between 3600 and 3650 kWh per household using 

26 electric water heating. HQ assumes that declining numbers of 
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1 persons per household will offset the remaining (albeit 

2 limited) potential for adding dishwashers and clothes washers. 

3 HQ estimates that 84% of households currently have electric 

4 water heaters. This is expected to rise to 88% by the year 

5 2001. 

6 Q: Will you compare HQ's end use forecast of residential water 

7 heater use to that of other entities? 

8 A: Slightly higher current estimates have been developed by 

9 Minnesota utilities (3983 kWh), NSPC (3862 kWh), and the 

10 California Energy Commission Staff (3720 kWh for Pacific Gas 

11 and Electric company). (PLC, 1988; NSPC, 1989a; CEC, 1989) 

12 However, unlike Hydro-Quebec, both the CEC Staff and NSPC 

13 forecast that efficiency gains will occur. While NSPC's 1987 

14 average is 3881 kWh, new units added in 1987 are projected to 

15 use 3489 kWh, but that is projected to decline to 2858 kWh by 

16 1997. The average 1997 stock is assumed to use 5% less than the 

17 average 1987 stock. 

18 CEC Staff shows new units using 3403 kWh, with a decline 

19 through the year 2001 to a use of 2949 kWh by new units, and an 

20 average use in the year 2001 of 3074 kWh, a 10% decline. 

21 Q: will you discuss the effect of the declining household size on 

22 water heating demand? 

23 A: Water heating demand can be divided into two components: 

24 standby losses of the tank and demand for hot water which 

25 varies with the number of persons per household and appliances. 

26 standby demand is approximately 1600 kWh per year (NPPC, ..... 
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1 1986). Thus current water demand is estimated at 2000 kWh per 

2 year, with 2.65 persons per household. 7 Without any additional 

3 conservation or additional saturation of dishwashers and 

4 clothes washers, one could expect this demand to fall by 14% 

5 to account for smaller household sizes.· A medium scenario 

6 which allows for some growth in water-using appliances would 

7 be a decline of about 10% of the 2050 kWh, or about 200 kWh. 

8 Since HQ estimates a decline of 60 kWh (3%), the difference is 

9 140 kWh per customer or 375 GWh (50 peak megawatts). 

10 Q: What potential is there for conservation in water heating? 

11 A: Three types of conservation can be identified: (1) measures 

12 which reduce the standby losses of the water heater; (2) 

13 measures which conserve hot water; and (3) alternative 

14 technologies such as heat pump water heaters. We will not 

15 focus on the heat pump water heater in this analysis. 

16 Q: What measures reduce standby losses? 

17 A: Increased tank and pipe insulation will reduce water heater 

18 standby losses, as will turning down the thermostat of the 

19 water heater. 

20 Northeast utilities found that 71% of customers left their 

21 thermostat at 140 degrees rather than the 120 degrees that it 

22 recommended. (PLC, 1988) NU estimates savings of 443 kWh per 

23 customer per year from that practice. NU also found that about 

24 40% of the customers with the heaters on the high setting (30% 

25 7The source of our data on persons per household is DEQ at 
.,.. 26 Tableau A2. 5. 
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1 of all customers) would lower the thermostat if told. 

2 Wrapping water heaters can also save energy. An R-ll 

3 insulated blanket would save 136 kWh per year at a cost of 

4 about 4.1 cents per kWh, even using a relatively inflated cost 

5 of $60 for the blanket. (NPPC, 1986) At a more reasonable $20 

6 cost for the blanket, the cost of these savings is 1.5 

7 cents/kwh. 

8 Insulating 20 feet of pipe close to the water heater could 

9 save 40 kWh in standby losses at a cost of about 4.1 cents/kWh. 

10 (Northeast utilities, 1983). 

11 Finally, as tanks are replaced, simply buying a high 

12 efficiency water heater can save approximately 17% at a cost 

13 of $30 extra (lifecycle cost of 0.35 cents per kWh) according 

14 to Wisconsin Public Service Company. OVer the 12 years from 

15 1989 to 2001, a large fraction of the water heaters in Quebec 

16 will need replacement. Assuming replacement of 75% of the 

17 water heaters, 1,610,000 will be replaced. Another 510,000 

18 electric water heaters will be purchased for new customers, for 

19 a total of over 2.1 million new water heaters. 

20 Q: What measures reduce water consumption? 

21 A: The principal measure is a low-flow showerhead. These devices 

22 are mandated in California and are estimated by NPPC as saving 

23 35% of the amount of water used in a shower or 450 kWh per year 

24 at a cost of less than one cent per kWh. Faucet aerators for 

25 sinks can also reduce water use by increasing pressure. NU 

26,. (1983) estimates their savings at 107 kWh per year at a cost 
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1 of about 0.6 cents per kWh. 

2 More efficient dishwashers and clothes washers can also save 

3 energy, as H-Q itself noted (DEQ, p.26). While HQ estimated a 

4 27% savings in dishwasher and clothes washer energy use in the 

5 historical period, it assumes no continuation of this trend into 

6 the future. The CEC Staff estimates savings of 18% in hot water 

7 use by dishwashers between 1987 and 2001 and 13% in clothes 

8 washer hot water use as a result of smaller family sizes and 

9 more efficient appliances. These savings amount to 240 kWh per 

10 electric water heating customer (after factoring in the 

11 saturation of these appliances) by the year 2001. 

12 Recent data from Consumer Reports (Consumers Union, 1988) 

13 show a 17% savings in dishwasher water use at zero cost by 

14 simply buying an efficient model rather than another model which 

15 costs the same. 

16 Q: What is your conclusion regarding Hydro-Quebec's potential for 

17 water heating savings? 

18 A: A reasonably attainable savings level is developed from its 

19 individual components in Table A2.4. 

20 While the conservation potential is much higher, 

21 conservatively estimated readily attainable savings are 2702 

22 GWh (385 peak MW at an 80% load factor). 

23 

24 2.4 Other End-Uses 

25 Q: Will you discuss HQ's forecast of remaining residential loads? 

,.26 A: HQ forecasts remaining residential loads declining from 6200 
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1 MWh per household in 1988 to 6040 kWh per household in the year 

2 2001. 

3 Q: Does this decline represent an increase in efficiency in other 

4 residential uses? 

5 A: In all likelihood, only a very small increase in efficiency is 

6 forecast, despite HQ's comments to the contrary on page A2.11 

7 of the DEQ. The reason is that the electric heat conversions 

8 forecast by HQ will reduce use of furnace fans and auxiliary 

9 electric heat. Using HQ's figures that 29% of non-electric 

10 households use an average of 3664 kWh of electric auxiliary 

11 heat (DEQ, p. A2.4), the decline in non-electric households from 

12 29% to 18%, will itself cause a reduction in use per household 

13 of 118 kWh--almost three quarters of HQ's assumed decline. 

14 Assuming the same satu~at,ion of furnace fans (78%) and the same 

15 use per fan (400 kWh per year) in non-electrically heated homes 

16 as found by Marbek (1987), the reduction in furnace fans 

17 resulting from the increased percentage of electric heat would 

18 account for another 34 kWh of the assumed 160 kWh decline. 

19 This leaves a change in use of only about 10 kWh per household 

20 as the net result of changes in efficiency and increases in 

21 other appliance use. In sum, it is safe to conclude that HQ's 

22 residential forecast shows only a limited efficiency increase 

23 in the non-heating sector. 

24 Q: How would you break down this category into additional end 

25 uses? 

26 A: Table A2.5 provides end-use data presented by Marbek (1987) for .... 
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1 ontario; NSPC (1989) for Nova scotia; PLC (1988) for Minnesota, 

2 and the CEC (1989) for Pacific Gas and Electric Company, and 

3 limited data from IRT (1989) for the City of Burlington, Vermont 

4 for all end uses that do not include space heating, water 

5 heating and cooling. It also provides our estimates for 

6 Hydro-Quebec, which rely heavily on the data from ontario and 

7 Nova scotia but also consider other data sources. 

8 Marbek's furnace fan calculations (based on use of 400 kWh 

9 per year and saturation of 78% of all non-electrically heated 

10 homes) are used to normalize heating out of the miscellaneous 

11 end use (except for PG&E where independent data are available) • 

12 The saturation estimates for Quebec are judgmental. 

Marbek's Ontario data are used when available. 

estimate for waterbeds was used as the only data 

The Minnesota 

available for 

13 

14 

15 a cold climate. In general, unit energy consumption was based 

16 on an average of all available data except refrigerators and 

17 freezers, where California data were excluded because of its 

18 state efficiency standards for these appliances. The estimate 

19 for televisions is for color TVs only. Black and white TVs 

20 are included in the miscellaneous category. 

21 Q: What are your conclusions? 

22 A: Approximately 27% of other residential use is in refrigerators, 

23 and another 10% is in freezers. These appliances are 

24 particularly amenable to conservation. Approximately 16% of 

25 this residential load is lighting, 12% is electric range, 10% 

__ 26 is clothes dryer, and the remaining 25% represents smaller 
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1 appliances and miscellaneous. 

2 Q: will you discuss refrigerators and freezers? 

3 A: 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

The energy efficiency of refrigerators and freezers has already 

increased dramatically, and such increases are continuing. The 

California 1992 state standards will result 

refrigerators uSing approximately 750 kWh per year, 

in new 

and new 

freezers using about 800 kWh. (CEC, 1989) Northern states 

Power estimates that new refrigerators are likely to become 

more efficient at a rate of about 3% per year from 1985 to 1995 

and 2% more efficient from 1995 to 2010. Interestingly, the 

effect of new US refrigerator and freezer standards on Canada 

may be negative absent standards or utility incentives, as 

manufacturers try to unload leftover inefficient units there. 

(Marcus, 1988) 

Marbek estimates even greater savings, nearly 50% in the 

near term for refrigerators with technical potential for 

reducing usage to 460 kWh, a 62% savings. 

Considerable technical potential exists even beyond the 

California state standards, although that potential will not 

be considered in this analysis. 

21 Q: What is the reasonably attainable potential for HydrO-Quebec 

22 using current technology? 

23 A: As is the case with water heaters, well over half of the current 

24 refrigerators will most likely be replaced between now and the 

25 year 2001, and refrigerators must be bought for new homes. 

26,. Assuming a 20-year life and a decline in refrigerator 
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1 saturation to 120% by 2001 (consistent with the trend to more 

2 apartments and smaller households), approximately 1.9 million 

3 of the refrigerators currently in service will come to the end 

4 of their useful lives. Adding refrigerators for 505,000 new 

5 dwellings and sUbtracting 100,000 scrapped refrigerators for 

6 the reduced saturation, 2.3 million new refrigerators must be 

7 purchased. Assuming that 75% of these refrigerators use 750 

8 kWh per refrigerator instead of slightly over 1200, we find a 

9 savings of 791 GWh (90 MW). 

10 Q: What is the potential for freezers? 

11 A: A similar calculation can be made. Assuming that a 60% 

12 saturation of freezers continues into the future, and a use 

13 per freezer of 750 kWh, 910,000 freezers will be replaced and 

14 300,000 bought for new 'homes, for a total of 1.2 million 

15 freezer purchases. Assuming a 25% reduction from 989 kWh to 750 

16 kWh for 75% of purchases, yields savings of 130 GWh (15 MW). 

17 Q: How should other appliances be considered? 

18 

19 

20 

21 

22 

23 

24 

25 

26 

A: There is considerable technical potential for improvements in 

use by clothes dryers and ranges. However, as many of these 

devices are not commercially yet available, they are not 

considered in this study. Nevertheless, the Board should be 

aware that promoting the diffusion of technical changes in this 

industry in the future is certainly another alternative to the 

construction of large hydro projects. 

Some amount of savings for waterbeds should be analyzed, as 

comforters and side and bottom insulation could save as much as 
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1 43% of use from waterbeds. Assuming a 30% savings for 

2 conservatism and a continuation of the estimated 19% saturation 

3 rate through the year 2001 saves 180 GWh (peak MW) 

4 Q: How should lighting be evaluated? 

5 A: 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

'106 

17 

Most residential lighting is incandescent. savings can be made 

by changing to better incandescents or fluorescents. PLC (1988) 

finds a cost of 3.5 cents per kWh for the 10-15% savings 

offered by GE WattMiser bulbs. Other efficient incandescent 

lamps save even more energy at a low cost. A compact 

fluorescent lamp replacing a 75 watt incandescent burning for 

1000 hours per year will save 53 kWh (70% of the energy). With 

a $12 compact fluorescent cost, a 10000 hour life and a 60 cent 

incandescent cost with a 1000 hour life, the net cost is 2.0 

cents per kWh. 

utility actions are needed to encourage use of these lamps. 

While they exist, customer knowledge is limited and supply is 

somewhat difficult. 

18 Q: How should residential lighting be evaluated? 

19 A: A 15% savings by the year 2001 is reasonably attainable. It is 

20 approximately equal to 2.6 compact fluorescents burning 1000 

21 hours per household. That savings is 135 kWh per customer or 410 

22 GWh (90 peak MW at a 50% load factor) 

23 

24 2.5 summary of Attainable savings 

25 Q: will you summarize your findings for the residential class? 

26 A: Total .... reasonably achievable 
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1 approximately 11,000 GWh (1250 average MW) before losses and 

2 2800 peak MW. Specifics are summarized in Table A2.6. 

3 Estimated annual savings in the residential sector are almost 

4 three-quarters of the energy output of the Grande Baleine hydro 

5 project; residential conservation and Grande Baleine are 

6 approximately equal in terms of capacity. 
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1 3. COMMERCIAL SECTOR 

2 

3 3.1 overview 

4 Q: What is Hydro-Quebec's estimate of commercial demand? 

5 A: Hydro-Quebec estimates commercial and institutional demand to 

6 increase from 25.2 TWh in 1987 to 37.1 TWh in 2001, an annual 

7 growth rate of 2.5%. Of this demand, 800 GWh in 1987 and 900 

8 GWh in 2001 is streetlighting, and 700 GWh is common area load 

9 in residential buildings. The remainder is demand by 

10 commercial buildings. 

11 

12 3.2 Streetlighting 

13 Q: Before going on to commercial building loads, will you briefly 

14 discuss streetlighting? 

15 A: Hydro-Quebec's streetlighting loads are extremely high: 

16 approximately 316 kWh per household in 1988, declining to 297 

17 kWh per household in 2001. By comparison, Pacific Gas and 

18 Electric Company's streetlighting load was 154 kWh per 

19 household in 1980, but fell by 26% to 114 kWh per household in 

20 1988 after a utility and state-funded program was .implemented 

21 to convert lamps from incandescent and mercury vapor to high and 

22 low pressure sodium lighting. Alberta Power Company has a 1989 

23 streetlighting load of 222 kWh per residential and farm 

24 customer. (APL, 1989) This leads to the conclusion that 

25 considerable amounts of conservation remain in this sector for 

26 Hydro-Quebec. This conclusion is bolstered by the fact that -.. 
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1 Hydro-Quebec offers its customers using company-owned lamps 

2 almost no savings for choosing a 90-watt sodium vapor lamp over 

3 a 250-watt mercury vapor lamp with slightly more lighting 

4 capacity. (Hydro-Quebec, 1989a, p. 87) Reasonably attainable 

5 conservation by the year 2001 could reduce use by at least 25%. 

6 This could easily be achieved if only 40% of the existing lamps 

7 are mercury vapor and are replaced with sodium vapor lamps. 

8 Further savings would be possible through the use of 

9 low-pressure sodium vapor lamps which Hydro-Quebec currently 

10 does not use. Savings from streetlighting at 25% over current 

11 levels would be 225 GWh (50 peak MW), when 39% of mercury lamps 

12 are replaced with sodium lamps. 

13 

14 3.3 Building Loads 

15 Q: will you outline Hydro-Quebec's commercial building forecast? 

16 A: 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Table A3. 1 provides Hydro-Quebec' s commercial building forecast 

for 1987-2001. It shows (1) a growing saturation of electric 

space and water heat, reaching 52% of heating energy use by the 

year 2001, largely in new buildings, (2) a 3.7% improvement in 

the weatherization level of existing buildings using electric 

heat; (3) a 20-25% improvement in the weatherization level of 

new buildings compared with existing buildings; and (4) 

virtually constant use in kWh per square meter in existing and 

new buildings for uses other than electric space and water 

heat. Hydro-Quebec' s estimates of space heating use per square 

meter are slightly higher than Marbek's (1987, 1987a) estimates 
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1 for existing Ontario buildings with electric heat, as would be 

2 expected in the colder Quebec climate. 

3 Hydro-Quebec states that it expects the energy efficiency 

4 of other end uses in existing buildings to increase by 0.2% per 

5 year, citing the high cost of efficiency improvements, and the 

6 energy efficiency in new buildings to increase by 0.4% per 

7 year. 

8 

9 3.3.1 Electric Heating 

10 Q: will you discuss the electric heating usage first? 

11 A: Just as in the residential sector, significant space and water 

12 heating savings are possible using many of the same 

13 technologies (increased insulation, better glazing, etc.), but 

14 the commercial sector is somewhat more complex. Retrofitting 

15 smaller bUildings with additional insulation and improving 

r6 glazing can save energy. Marbek (1987) estimated that 20% of 

17 space heating energy could be saved with efficient glazing at 

18 a cost of 1.8 cents per kWh. In addition, better distribution 

19 of heat between the north and south sides of larger buildings 

20 or between the core and periphery through improved ventilation 

21 can reduce the need for supplementary heating. 

22 Q: What is your estimate of achievable savings? 

23 A: Savings of 10% in existing buildings and 20% in new 

24 construction are estimated as reasonably aChievable by the year 

25 2001. This amounts to 820 GWh in existing buildings and 1200 

26 GWh in new buildings, for a total of 2020 GWh (690 peak MW at ..... 
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1 a 33% load factor). 

2 

3 3.3.2 End-Use Breakdown 

4 Q: Will you discuss other end uses? 

5 A: Beyond heating and cooling, there are five major end uses: 

6 ventilation, refrigeration, cooking, lighting, and 

7 miscellaneous (including computers and other office equipment). 

8 For three Wisconsin utilities, 45% of the non- heating/cooling 

9 electricity is used for lighting, 24% for miscellaneous, 16% 

10 for refrigeration, 9% for ventilation, and 5% for cooking. 

11 (PLC, 1988) The California Energy Commission staff estimates 

12 the following non-heating/cooling uses for commercial buildings· 

13 of Pacific Gas and Electric Company: 53% lighting, 16% 

14 miscellaneous, 18% refrigeration, 5% ventilation, and 3% 

15 cooking. Marbek (1987) calculated 1986 commercial sector 

16 energy use in ontario from a disaggregated data base, finding 

17 51% of non-heating/cQoling electricity used in lighting. It 

18 also found that roughly 9% of Ontario's commercial energy is 

19 used for cooling. IRT (1989) estimated an even higher lighting 

20 percentage (65% of non-heating and cooling loads) for the city 

21 of Burlington and estimates cooling to be 5% for total loads and 

22 cooling. 

23 Q: What are your conclusions regarding the end-use breakdown of 

24 Quebec's commercial sector? 

25 A: Estimates are contained in Table A3.2. A limited cooling load 

26 (perhaps 5-7%) is estimated based on Marbek's and IRT's data, 
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1 

2 

concentrated in larger 

Remaining estimates are 

3 Wisconsin, and PG&E data. 

4 

5 3.3.3 Lighting 

buildings in the 

judgmental based 

Montreal area. 

on the Marbek, 

6 Q: will you discuss conservation opportunities in the lighting 

7 sector? 

8 A: A range of conservation measures are likely to be effective in 

9 reducing energy and capacity demands in the commercial sector. 

10 Lighting, ventilation and refrigeration are the largest uses 

11 within the sector and also offer the greatest opportunity for 

12 savings. Lighting alone represents nearly half of the 

13 commercial sector use and is the primary focus in our estimates 

14 for savings. . .. .,. , 

15 Q: What savings in commercial lighting are possible? 

~ A: There are several methods of reducing lighting loads: 

17 1. Improving lamp and fixture efficiency. 

18 2. Proper lighting levels for the given tasks. 

19 3. switching off lights in unoccupied spaces. 

20 4. Daylighting of interior spaces. 

21 It is well understood that standard fluorescent fixtures 

22 

23 

provide a substantial 

incandescent light sources. 

improvement in efficiency over 

Recent innovations in fluorescent 

24 lighting technology, such as energy saver lamps and electronic 

25 ballasts, can reduce lighting loads dramatically. For example, 

26 a 4 foot fixture with twin lamps (40 watt) and a standard .... 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 ,.. 

ballast will use 92 watts. The use of energy saver (34 watt) 

lamps and an electronic ballast will reduce the load to 60 

watts, a 36% reduction. 

compact fluorescent lamps can now be retrofitted into many 

incandescent fixtures. A typical "quad" lamp (22 watt) can 

replace a 75 watt incandescent lamp with equivalent light 

output, a 71% savings. 

Most office environments are 'substantially overlit when 

compared to modern standards. 

dramatically reduce lighting loads. 

Careful delamping can 

A powerful strategy is to match lighting to occupancy. The 

two general approaches used are scheduling with local override 

and occupancy sensors. Scheduling may be limited to simple 

ON/OFF or the lighting levels may be programmed to match the 

anticipated area functions. For instance, such scheduling can 

cover full lighting during normal work hours, with reduced 

lighting for cleaning, startup and shutdown. For occupancy 

based scheduling to work, however, it has to allow local 

occupant override. occupancy sensors eliminate the need for 

scheduling. Instead, the lights are turned on automatically 

whenever someone enters the space. 

Automatic daylighting controls attempt to maintain uniform 

lighting levels on the task by adjusting the output of the 

lighting fixtures. Areas that receive natural light can 

therefore be dimmed or turned off while interior spaces 

continue to rely on artificial light sources. This adjustment 
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1 can take the form of switching on selected fixtures or lamps, 

2 or dimming. 

3 Q: will you discuss the available improvement in lamp and ballast 

4 efficiency? 

5 A: Savings are estimated below based on a typical twin-lamp 

6 fixture. Such a fixture uses approximately 92 watts per hour 

7 with two standard 40-watt bulbs and a conventional ballast. 

8 At 2500 hours per year, the fixture will use 235 kWh. 

9 Converting to F40 (34 watt) energy-saver bulbs will reduce use 

10 by 12 watts to 82 watts and annual usage to 205 kWh. Adding an 

11 electronic ballast reduces total fixture usage by another 22 

12 watts to 60 watts (by increasing the efficiency of both the 

13 ballast and the bulbs themselves) or 150 kWh per year, a 36% 

14 savings over the conventional fixture and a 27% savings over the 

15 fixture with energy saver bulbs. 

1'6 A typical fluorescent lamp has a life of 10,000 hours or 

17 four years in a commercial environment. An F40 (34 watt) energy 

18 saver lamp costs approximately $1. 75 more, on a replacement 

19 basis, than a standard F40 (40 watt) lamp. similarly, a 

20 standard fluorescent ballast has a life of 7 to 10 years (an 

21 electronic ballast has a life of 20 years). The electronic 

22 ballast has an incremental replacement cost of approximately 

23 $12 more than a standard ballast, but also lasts twice as long. 

24 Amortizing the $3.00 extra cost of the energy-saver bulbs 

25 over their four-year life (at 2500 hours per year), their cost 

26 is 3.4 cents per kWh conserved. For an application where lights --
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1 are run for more hours during the year, the cost drops by about 

2 10%. 

3 Amortizing the cost of the ballast over its life and 

4 taking no credit for the savings in not replacing the ballast 

5 ten years later, the cost of the kWh conserved by the electronic 

6 ballast is 2.0 cents per kWh. If credit is given for the 

7 reduced ballast replacement or in new fixtures, the net cost of 

8 an electronic ballast may be close to zero or negative. 

9 Moreover, ballasts show greater savings in installations with 

10 higher than average hours of use (~, supermarkets, hospitals, 

11 etc.) 

12 Q: will you discuss other lighting savings opportunities? 

13 A: 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Delamping is often feasible with the installation of reflectors 

to reduce light losses-inside the fixture. A reflector costing 

between $30 and $60 with a 7 to 10 year life (shorter for the 

cheaper reflectors) can allow virtually constant light levels 

while delamping a four-bulb fixture to two bulbs. Reflectors 

installed in conjunction with lamp and ballast replacement 

(where labour costs are already being incurred in any event) 

would thus cost 1.2 cents/kWh (for the cheaper reflector 

replacing 94 watts of ballast and lamp load from conventional 

40-watt bulbs in an institution such as a supermarket with 5000 

hours per year of operation) to 4.0 cents per kWh (for the more 

expensive reflector replacing 82 watts of ballast and lamp load 

from 34-watt bulbs in an office with 2500 hours per year 

operation). 
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1 Motion sensors can also achieve significant savings in rooms 

2 which are sporadically occupied in buildings with long 

3 operating hours at a cost of $50 to $60. A university found 

4 savings of approximately 240 kWh per year for each sensor in 

5 its rest rooms, or a cost of 3.4 cents per kWh. (EnerqV User 

6 ~, 1987) 

7 Q: What is the reasonably achievable potential for energy 

8 conservation in commercial lighting? 

9 A: If we assume that we have an even age distribution of existing 

10 lighting stock, over the next 5 years we could replace 

11 essentially all of the standard fluorescent stock with energy 

12 saving equipment as the old stock fails. 

13 occupancy sensors, delamping (together with use of 

14 reflectors to keep illumination at required levels), and 

15 daylighting savings estimates and costs are all very site 

:16 specific and no attempt has been made to specifically estimate 

17 the extent of available savings. However, a number of 

18 businesses have achieved total lighting energy use reductions 

19 in the range of 60 to 75% in specific applications, through an 

20 integrated strategy of ballast and lamp replacement, delamping, 

21 installation of reflectors and occupancy sensors. (Enerqy User 

22 News, 1987) 

23 OVerall, a 30% reduction in lighting loads in the commercial 

24 sector is well within the reasonable range. Changes in 

25 efficiency of lamps and ballasts when they fail, together with 

26 limited penetration of compact fluorescents, reflectors, -.. 
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1 replacement of mercury vapor lamps with sodium vapor lamps in 

2 outdoor lighting, and other technologies could readily achieve 

3 this result. 

4 This would yield 3,300 GWh/yr of savings by 2001. Assuming 

5 a 50% load factor, capacity savings would be 750 MW. 

6 

7 3.3.4 other End-Uses 

8 Q: What other commercial sector savings are likely? 

9 A: 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Significant savings are available by improving the efficiency 

of ventilation. Proper sizing of motors to applications is 

important to maintain both efficiency and power factor. 

Unfortunately, centrifugal fans and pumps are sized to meet 

maximum loads, which generally occur only a few hours per year. 

During non-peak periods the load fluctuates, and either dampers 

or throttling valves control the flow. The amount of energy 

wasted by this practice is substantial, as the power 

requirement of a centrifugal fan or pump varies with the cube 

of the speed. Therefore, cutting fan speed by 20% reduces air 

flow by 20% but fan power consumption by nearly 50%. Variable 

frequency drives (VFDs) reduce fan and pump speed under partial 

load conditions by adjusting the frequency and voltage of the 

power supplied to the motor, which changes the motor's speed. 

VFDs can save an average of approximately 30% of the energy use 

in air handlers, centrifugal chillers and cooling towers. (JBS 

Energy, et al., 1989) 

Another often overlooked area for potential energy savings 
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1 is the replacement of motors with higher efficiency motors. 

2 Typically, motors operate at 60% of their rated load. Motors 

3 are prone to poor "part-load" performance. A study by Pacific 

4 Gas and Electric Company of four industrial facilities in 

5 Northern California found that out of 29 motors tested, only 

6 seven were operating efficiently. Of the remaining, 17 needed 

7 to be replaced with smaller motors at the time of a major 

8 overhaul, and 5 were operating so inefficiently that they could 

9 economically be replaced immediately. (Lobodovsky et al., 1989) 

10 Typical improvements in efficiency are 10% for smaller motors 

11 «5 hpj and 3 to 5% in larger horsepower ranges. BC Hydro 

12 estimates slightly lower savings from efficiency improvements 

13 of 2 to 4%, with lower savings from larger motors (Henriques and 

14 Ilic, 1980). Savings range from 22 to 92 watts/hp. On a 

15 replacement basis the incremental costs are usually low enough 

~ to justify higher efficiency motors. 

17 Q: Do you have an estimate for ventilation and motor savings? 

18 A: A 10% ventilation savings for Hydro-Quebec, through variable 

19 frequency drives and improved efficiency, should be considered. 

20 This would save 210 GWh (50 peak MW at a 50% load factor). 

21 Q: will you discuss commercial refrigeration? 

22 A: The same technologies that are being used to cut residential 

23 refrigeration loads are available in the commercial sector 

24 (.L..!L., increased insulation of refrigerators and freezers, 

25 improved gaskets, better compressor efficiency, etc.). 

26 Additional refrigeration savings would come from increased use 

--
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1 of improved insulation on open display cases in retail stores 

(~, increased use of doors or plastic strips during the day 

and other insulated closures when stores are closed), and from 

additional insulation of refrigerated warehouses. (PLC, 1988) 

What is your recommendation with respect to Hydro-Quebec? 

Moderate savings of 20% of refrigeration load (compared to 

2 

3 

4 

5 Q: 

6 A: 

7 

8 

9 

10 

the higher residential potential discussed above) would reduce 

demand by 740 GWh (85 MW). 

3.4 summary of Attainable Savings 

11 Q: Will you summarize your estimates of savings for commercial 

12 buildings and for the total commercial sector? 

13 A: The estimate of reasonably attainable savings is summarized in 

14 Table A3.3. Total reasonably achievable savings in the 

15 commercial sector are 7075 GWh and 1775 peak MW. The energy 

16 savings are almost half of the proposed annual output of Grande 

17 Baleine. The peak savings are more than 60% of the capacity of 

18 Grande Baleine. 
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1 4. INDUSTRIAL SECTOR 

2 

3 4.1 Overview 

4 Q: will you describe the structure of industrial demand in Quebec? 

5 A: 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 Q: 

24 A: 

25 

Industrial demand for electric power in Quebec is largely 

concentrated in the aluminum smelting, pulp and paper, and 

chemical industries, as shown in Table A4.1. Significant 

growth is also expected in other iiidustrial sectors. 

At the present time, Hydro-Quebec supplies only 65% of total 

industrial demand, largely due to the installation of 2350 MW 

of hydro owned by Alcan, together with some cogeneration and 

hydro owned by the pulp and paper industry. However, the extent 

of private supply (generated by corporations themselves or 

served by municipal utilities) is expected to remain constant 

or decline slightly over the next 12 years, leaving Hydro-Quebec 

with a larger percentage of sales and a greater percentage of 

growth. 

In Section 4.2, we will discuss industry-specific 

conservation opportunities. section 4.3 discusses end-use-

specific opportunities in motors and lighting. 

4.2 Aluminum and Pulp and Paper Industries 

will you discuss the aluminum industry's demand in more detail? 

Hydro-Quebec forecasts an increase in world demand for aluminum 

of 1.3% per year through the year 2001. This translates into 

26 demand for approximately 342,000 tonnes of new capacity beyond --
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1 the 1,085,000 tonnes already in planning or under construction. 

2 (DEQ, pp.Al.8-Al.ll) 

3 Existing aluminum production in 1988 used approximately 17.6 

4 kWh per kilogram of aluminum. This is well below the 

5 state-of-the-art in aluminum production. New aluminum smelters 

6 coming on line in the 1990s use 14.3 kWh per kg or less. 

7 Q: Can savings in this industry be reasonably achievable by the 

8 year 2001? 

9 A: Yes. A National Energy Board (NEB) of Canada report (NEB, 1987) 

10 projects that use in Quebec per pound of aluminum will fall by 

11 8.5% based on the assumption that "the current most efficient 

12 technologies will be adopted by all plants." It appears that 

13 this decline is not included in Hydro-Quebec's forecast. The 

14 reasonableness of the estimate in the NEB report is supported 

15 by information from the Pacific Northwest. The Bonneville Power 

16 Administration's CON/MOD program for its direct service industry 

17 aluminum customers was projected to reduce loads by 145 average 

18 MW out of the 1475 average MW of pre-program load of customers 

19 opting to take the program (about a 10% savings). (Sugiyama and 

20 Spies, 1987) 

21 

22 

23 

24 
25 
26 
27 

-- 28 

An 8.5% reduction in use by aluminum plants in-service in 

1988 to produce current tonnages would save 1900 GWh (and 220 

peak MW).8 

BIt is possible that some of these savings might occur at 
facilities with self-generation. If HQ sales were not directly 
reduced, the self-generation that was freed-up could be used for 
expansion and other load growth that would otherwise be served by 
HQ. Alternatively, the industry could sell the freed-up power to 
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1 Q: will you examine the pulp and paper industry in more detail? 

2 A: In the pulp and paper industry, there is a strong trend toward 

3 thermomechanical pulping (TMP) , which uses approximately 1 kWh 

4 per pound of pulp, compared to existing kraft and sulfite 

5 processes which use approximately 0.35 kWh. (Brown et a1, 

6 1985; see also ADL, 1988 for slightly different estimates in 

7 the same range) Hydro-Quebec forecasts that all new paper 

8 mills will use TMP, with TMP rising from 27% of the total in 

9 1987 to 43% in 1991 and 65% in 2006. Growth in pulp and paper 

10 production of 1.3% is therefore coupled with growth in 

11 electricity use of 2.2%. Because Hydro-Quebec forecasts the 

12 retirement or diminished use of existing cogeneration and 

13 self-generation in this industry, Hydro-Quebec sales to this 

14 industry rise by 3.2%.pe~ year. 

15 Q: In estimating savings reasonably attainable by Hydro-Quebec, 

~6 is it reasonable to assume a decline in self-generation? 

17 A: The assumption of reduced self-generation may not be 

18 reasonable, because TMP actually offers a higher opportunity 

19 for power generation than the kraft and sulfite processes. TMP 

20 allows for electric generation of 0.3 kWh per pound of pulp 

21 produced compared to 0.17 kWh per pound for the chemical 

22 processes. (Brown, 1985) Even holding self-generation 

23 constant at 1988 levels in this industry would yield 2000 GWh. 

24 To date, the pulp and paper industry in Quebec has developed 

25 ~. 
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1 very little thermal self-generation and has installed only 

2 limited amounts of hydropower on its extensive lands. Expansion 

3 of self-generation beyond current levels is discussed in section 

4 6 of our testimony. 

5 Q: Are there conservation opportunities in the pulp and paper 

6 industry besides those related to self-generation? 

7 A: Yes. These savings are largely related to motors, which are 

8 

9 

10 

11 Q: 

12 

13 A: 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

discussed in section 4.3 below. 

4.3 Motors and Other End-Uses 

Turning from a discussion of specific industries to industrial 

end uses, what are the principal industrial end uses? 

There are four principal end uses which are considered here: 

(1) electrochemical processes (virtually all of the use in 

aluminum and magnesium smelting and a large portion of the use 

in the. chemical industry, which appears designed to be 

particularly electrically intensive in Quebec), (2) motors, 

(3) 1 ighting; and (4) dual energy electric boilers. 9 Motors 

represent 75% of industrial use in Ontario and lighting 

represents 8%. (Marbek, 1987) This analysis assumes that 

motors represent 75% and lighting 8% of use respectively after 

first subtracting the metal smelting industry and 

Hydro-Quebec's categories of "electrotechnologies" and "bi-fuel 

boilers" (dual energy boilers). 

25 90ual energy systems are discussed in section 5 of our 
-.. 26 t~stimony. 
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1 Q: will you discuss electrochemical process savings? 

2 A: In general, no such savings are assumed beyond the NEB (1987) 

3 estimate for the aluminum industry discussed above. Additional 

4 electrochemical process savings are extremely process-specific. 

5 within the context of this proceeding, we have not been able to 

6 perform a detailed study of conservation opportunities in this 

7 sector. 

8 Q: Can significant savings be found in the lighting area? 

9 A: Yes. Total lighting load in 2001 (based on 8% of Quebec 

10 industrial use of 59,600 GWh excluding metal smelting, 

11 electrotechnologies, and dual energy applications, is about 4800 

12 GWh. As discussed with regard to the commercial sector above, 

13 savings of 30% can be assumed to be reasonably attainable, for 

14 a savings of 1430 GWh (220 peak MW at a 75% load factor). 

15 Q: will you discuss motors in more detail? 

16 A: Motors are an extremely significant load of approximately 

17 45,000 GWh. A number of technologies and methods exist to 

18 reduce motor energy use. These must generally be evaluated on 

19 a site-specific basis. A number of changes can be made to motor 

20 loads to improve their efficiency, although not all changes 

21 apply to all motors and not all changes are additive. The 

22 first option is to purchase more efficient motors, as discussed 

23 with respect to ventilation above. As motors become older, they 

24 lose efficiency: rewinding or early replacement can be 

25 cost-effective options in the range of 2.3 cents/kWh. (PLC, 

26 1988) 
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1 

2 

3 

4 

5 

6 

7 

other industrial applications require a more detailed 

process analysis, although savings are often present. Motors 

which are oversized relative to loads face declining efficiency, 

particularly at motor load levels of less than 50% of design 

loads. partially loaded motors also operate at poorer power 

factors, increasing line losses inside the plant. Redesign of 

air or fluid-handling systems can reduce electricity use in 

8 motors driving fans or pumps. Because volume moved increases 

9 directly with speed, but resistance increases as the square of 

10 the speed, a slower fan system with larger ducts, for example, 

11 can use considerably less energy. Moreover, significant 

12 amounts of energy are lost when a fan operates at constant 

13 speed, but output is reduced with dampers or throttles. 

14 Variable-speed drive meters which reduce motor speeds to match 

15 loads can save 10 to 30% depending on the variation in output 

16 required. (PLC, 1988; 

17 Q: What is an estimate 

18 industrial motor use? 

JBS Energy, et aI, 1989) 

of reasonably attainable savings in 

19 A: While reasonably achievable conservation in motor use is 

20 extremely site-specific, programs to promote efficiency 

21 improvements can result in significant savings at relatively 

22 low costs of 1-2 cents per kWh. Savings of 5-10% from the 

23 combination of efficiency improvements, variable-speed drive 

24 motors, improved power factor, and reduced motor speeds appear 

25 reasonably attainable over the next 12 years. At a 7% savings 

26 level, savings of 3130 GWh (480 peak MW) would be achieved. 
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2 4.4 Summary of Attainable Savings 

3 

4 Q: Will you summarize your estimates for the industrial sector? 

5 A: savings of 9050 GWh and nearly 1225 peak MW from the industrial 

6 sector are reasonably attainable. Additional gains from 

7 increased power generation by the pulp and paper and chemical 

8 industries are not considered. The savings are broken down in 

9 Table A4.2. Reasonably attainable industrial savings by the 

10 year 2001 amount to about 60% of the output of the Grande 

11 Baleine hydro project. 
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1 5. CONSBRVATION PROGRAM DBSIGN 

2 

3 Q: How could Hydro-Quebec design programs to develop the reasonably 

4 aChievable conservation which you have identified? 

5 A: There is a considerable body of experience in North America in 

6 designing conservation programs. While the specific program 

7 depends upon the sector which is being targeted, there are 

8 generally five different approaches to energy efficiency 

9 investment. These methods are not mutually exclusive, and in 

10 fact, more than one such method can be used to target a 

11 particular energy efficiency market sector. 

12 1. Information and audit programs, designed to inform customers 

13 about specific methods for conserving energy, both through 

14 behavior changes and specific investments. 

15 2. Technical assistance to customers to identify cost-effective 

16 customer-specific investments. These programs can range 

17 from residential audits to very specific technical advice 

18 on industrial processes. 

19 3. Loan programs, which provide customers with capital to 

20 undertake required investments. such programs can either 

21 be at market or subsidiZed interest rates and can have a 

22 variety of repayment terms. 

23 4. Rebate or grant programs, which give the customer (or the 

24 

25 

26 

builder or landlord actually installing a device) part or 

all of the cost incurred for making an energy-conserving 

decision or investment. Competitive bidding for 
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1 conservation investment is one subset of this type of 

2 program. 

3 5. Direct provision of services by the utility, where the 

4 

5 

6 

utility sells specific devices or services to the public, 

using its volume purchasing abilities to obtain lower 

prices, with or without rebates or loans. 

7 

8 Q: will you define the market sectors which you will discuss in 

9 more depth? 

10 A: six market sectors are identified: 

11 1. Residential and small commercial weatherization in existing 

12 buildings 

13 2. Residential and commercial new construction efficiency 

14 3. Residential appliances and lighting 

15 4. Commercial and industrial lighting 

r6 5. Other commercial end uses 

17 6. Industrial process end uses 

18 A different mix of programs is needed for each sector. 

19 Q: will you discuss programs that are best suited to the 

20 encouragement of residential and small . commercial 

21 weatherization? 

22 A: In residential and small commercial weatherization, utilities 

23 have offered energy audits, where utility or contract personnel 

24 identify specific weatherization needs of individual customers' 

25 buildings. Past experience has shown that audits, by 

26 themselves, may have limited success. However, when an audit ..... 
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5 

6 
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8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

__ 26 

is coupled with a utility loan program, such as the Zero 

Interest Loan Programs (ZIP) undertaken in the early 1980s in 

California and the Pacific Northwest, customer actions to 

improve weatherization levels are more likely. Under ZIP, zero

interest loans were offered with paybacks over 5 to 10 years in 

california, and with no paybacks until home sale in Oregon. 

Direct utility provision of services under contract can further 

reduce customer and utility costs. For example, the Sacramento 

Municipal Utility District contracted on a volume basis with a 

limited number of contractors to provide ceiling insulation 

services under its weatherization program and as a result was 

able to provide the service at a cost of approximately 60% of 

the market price that an individual customer would otherwise 

pay. 

An alternative to loan programs is a partial grant program 

or rebate, although rebates which are small relative to the 

investment cost may have little impact. 

Finally, a subset of customers in this market, including low 

income customers, renters, and small businesses lack capital to 

install measures themselves, particularly measures which will 

benefit the landlord or later tenants after they move. For 

these customers, a combination of programs which pay the full 

cost of installation (for low income customers) and which tie 

repayment of loans to the utility bill on the premises rather 

than to the customer (i.e., by adding a monthly weatherization 

charge to the electric bill through a "lien on the utility 
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1 bill") are needed to overcome market barriers. Low income 

2 programs are also critical to assure equity and broad 

3 participation in energy conservation. 

4 Q: How should programs be designed for new construction? 

5 A: One must examine the motivation of builders: to sell the 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1-6 Q: 

17 

product for the highest possible profit. Energy conservation 

devices are often viewed as ancillary devices which will not add 
-

to the price of the building and simply cut into profit. A 

four-pronged approach, starting with mandatory minimum 

standards, providing technical assistance to builders on how to 

make their buildings more energy efficient, providing cash 

rebates to builders for adding energy-saving features above the 

minimum standards, and using utility advertising to promote 

energy-efficient buildings is a program format which has been 

used in California and the Pacific Northwest. 

How should programs be designed to improve residential appliance 

efficiency? 

18 A: Improving the efficiency of residential appliances again 

19 involves selling energy efficiency to parties who in many cases 

20 will not pay the electric bill on the appliances (builders, 

21 landlords), who may be involved in as much as 70% of appliance 

22 purchases. (Khalsa and Johnson, 1981) Relatively stringent 

23 minimum standards, such as those in place in California, have 

24 worked extremely well, reducing average refrigerator electricity 

25 use by 40%. (CEC, 1989) Beyond efficiency standards, utility 

26 -.. rebate programs are the standard method used to promote the 
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1 

2 

purchase of the most efficient appliances. 

appliance dealers have advertised utility 

In California, 

rebates as an 

3 inducement to customers to buy appliances. 

4 TWo other issues should be discussed briefly, which may 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

..... 26 

require different programs. One of the most cost-effective 

energy conservation measures is to get the customer to unplug 

and remove second refrigerators if those refrigerators receive 

limited use. A second refrigerator could easily use 900-1200 

kWh per year (and 0.1 to 0.15 peak kW) simply to store cold 

drinks. Pacific Gas and Electric company offered a program 

which gave customers a charitable tax deduction and a rebate for 

turning in second refrigerators, estimating program costs in the 

vicinity of 3 cents or less per conserved kWh. The utility 

(subcontracting through an organization like the Salvation Army) 

would take the refrigerators away, junk the two thirds or three 

quarters with the worst mechanical condition and efficiency, and 

rehabilitate the remaining 25 to 30% of the best refrigerators 

to improve their efficiency and working condition (e.g., 

installing new gaskets). These units would then be sold in the 

used refrigerator market, increasing the efficiency of used 

refrigerators purchased by low-income consumers and landlords, 

for additional conservation benefits. 

The other issue which needs discussion is residential 

lighting. The penetration of energy-saving compact fluorescents 

into the market, despite the potential 75% energy savings which 

they offer, has been limited. Poor information (customers think 
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1 that their light quality will be similar to that produced by 

2 existing fluorescent tubes, a quality which they deem 

3 unacceptable), and unavailability of economical products at 

4 reasonable prices in typical hardware and building supply 

5 stores, have limited market penetration. The utility's role 

6 here is to make bulk purchases, advertise, and sell (or lease) 

7 these lightbulbs to customers to expand the market. At a 

8 minimum, the retailer's profit could be cut out; additional 

9 utility subsidies could also be offered. The Taunton, 

10 Massachusetts municipal utility has offered such a program, 

11 undercutting the retail cost of compact fluorescents by nearly 

12 50% through bulk purchasing, and offering to lease the lamps to 

13 customers for 24 cents per month (which would be recouped over 

14 about 90 - 100 hours of use per month). 

15 Q: Will you discuss commercial lighting programs? 

16 A: Commercial lighting improvements are divided into retrofits and 

17 new construction. In new construction, a similar mix of 

18 standards, technical assistance, and rebates to residential new 

19 construction would constitute a reasonable program. For 

20 retrofits, effective programs could include utility-provided 

21 audits and technical assistance, advertising and direct utility 

22 provision of products such as electronic ballasts and reflectors 

23 which typically c,an not be found in retail stores, utility 

24 rebates and utility bill liens for tenants. Lighting products 

25 that should be promoted through incentives would include low 

26 .... wattage indoor and outdoor lightbulbs, electronic ballasts, 

- A-49 -



I 

1 reflectors, and motion/light detectors. 

2 Q: will you discuss other commercial and industrial programs? 

3 A: Most other energy saving opportunities in the commercial and 

4 industrial sector are relatively site-specific. The utility 

5 role should be to actively provide audits and review audit 

6 results submitted by industry, and to provide rebates or loans, 

7 based on Kwh savings identified by the audits, to reduce the 

8 payback period of the overall package to an acceptable level 

9 (i.e., 2 years or less). These programs have been used in all 

10 sectors from commercial building ventilation to aluminum company 

11 retrofits. (JBS Energy et al., 1989~ Sugiyama and Spies, 1987) 

12 In some areas, (e.g., improving insulation of refrigerator cases 

13 in markets and restaurants), rebates can be specifically offered 

14 based on engineering estimates of energy savings. One of the 

15 critical points here is that the programs should not be defined 

16 so narrowly as to exclude valid energy conservation 

17 opportunities: commercial and industrial end uses and methods 

18 of energy conservation are relatively diverse. Utility 

19 technical assistance during the design of a building or process 

20 may also improve energy efficiency. 

21 Q: Does Hydro-Quebec have experience in the techniques used to 

22 promote energy conservation? 

23 A: While HQ has almost no experience in promotion of electricity 

24 conservation, it has used many of the techniques outlined above 

25 to promote increased electricity consumption. For example, HQ 

__ 26 has sUbstantial experience in the marketing of dual-energy 
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1 systems and electric heat, including the use of subsidies to 

2 encourage conversions to electric heat. 10 HQ has also provided 

3 technical assistance for "electrotechnologies" that increase 

4 electric use. It should be noted that HQ's promotional efforts 

5 have been highly effective: electricity has achieved a share of 

6 the total energy market that is higher in Quebec than virtually 

7 anywhere else in the world. (MER, 1988) 

8 HQ is already using marketing, subsidies, and technical 

9 assistance to shape electric demand to reflect corporate 

10 preferences, Le., to increase usage. Redirecting these efforts 

11 toward conservation would mark a significant shift in corporate 

12 goals and direction. On the other hand, HQ has more experience 

13 than most utilities in the types of intervention in the energy 

14 market that are necessary to implement large-scale conservation 

15 programs. 

~ Q: Are there any other areas where HQ involvement could promote 

17 energy conservation improvements? 

18 A: Yes. As part of its role in using electricity to promote 

19 economic growth in QUebec, HQ has a tradition of funding 

20 research into "electrotechnologies" that improve industrial 

21 technology through the sUbstitution of electricity for other 

22 fuels and factors of production. HQ could redirect its role to 

23 include funding of research into improving the efficiency of 

24 electric use in the province. HQ could also promote the 

25 10HQ has also offered subsidies to improve the efficiency of 
26 ~w electrically heated homes. 
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1 demonstration and commercialization of promising new 

2 conservation technologies. 

3 The reasonably achievable conservation identified in this 

4 testimony is based on current 'technology. Potential energy 

5 savings will continue to expand as new efficiency technologies 

6 are developed and commercialized. (Lovins, 1989) HQ could play 

7 an important role in establishing Quebec as a participant (and 

8 perhaps a leader) in advances in new technology. The market for 

9 energy conservation technologies is growing rapidly, and Quebec 

10 has the opportunity to develop industry based on these 

11 technologies. This industry could export to u. S . and world 

12 markets, as well as serving Quebec and the rest of canada. 11 

13 The role that HQ could playas a promoter of electricity 

14 conservation is as vital',' if not more vital, than HQ's current 

15 role as a promoter of the provincial economy through increased 

16 electric use. Electricity conservation is the most effective 

17 strategy available to Quebec for holding down the cost of 

18 electricity services, as well as avoiding adverse environmental 

19 effects. It may also be a source of important industrial 

20 development potential. 

21 
-. 22 

23 

l1Quebec is particularly well positioned as a supplier to the 
Northeastern US, a region where the market for energy-efficient 
technologies is expanding rapidly. 
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1 6. SUMMARY OP EMERGY SAV7MGS ESTIMATES 

2 

3 Q: Will you summarize your estimates of energy savings reasonably 

4 attainable by the year 2001 for Hydro-Quebec from all sectors? 

5 A: Our results are summarized in Table A6.1. For the residential 

6 sector, we have estimated reasonably attainable residential 

7 savings of 10,640-11,730 GWh and 2645-3015 peak MW. Commercial 

8 savings of 7075 GWh and 1775 peak MW are estimated. In the 

9 industrial sector, conservation of 9050 GWh and 1225 peak MW 

10 could be reasonably attained. The total is about 27,000 GWh or 

11 15% of projected energy loads in the year 2001. Reasonably 

12 attainable peak demand savings of 5,645-6,015 MW are estimated. 

13 The large magnitude of reasonably attainable savings is 

14 further illustrated by comparisons with the HQ construction 

15 program. In fact, estimated energy savings by the year 2001 are 

16 equivalent to the total of Grande Ba1eine and all other 

17 currently uncommitted hydro projects scheduled in-service prior 

18 to NBR. Thus, conservation could be used to displace the need 

19 for any new hydro projects (beyond those already committed) 

20 until at least some time in the next century.12 

21 12In the 1989 Development Plan Target Scenario, the first units 
22 at NBR are scheduled to enter service in 2004. In the Testimony 
23 of Andre Mercier, the first units at NBR enter service in 2009 
24 (with the VJO and NYPA contracts) or 2014 (without VJO and NYPA). 
25 It should also be noted that conservation by the year 2001 is 
26~ua1 to 60%-70% of the total capacity and energy output from full 
27 ~velopment of the full NBR project. 
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Table A2.l 

Hyd~o-Quebecls Residential Foreeast 

1988 1996 2001 

Space heating (T~) 20.4 23.5 24.5 

Water Heating (TWh) 7.9 9.1 9.6 

Other Basic Use (T~) 15.7 17.3 18.3 

Second home/FaMil eTWh) 2.3 2.7 3 

Total Residential (TWh) 46.3 52.6 55.4 

---------=".=---"------------------Households ('000) 

Households with electric heat 
Space heating (kWh/househ~ld) 

Households wi th water heat 
IJater Heating (kWh/household) 

Other Basic Use CkYh/household) 

Average Residential Use (k~/household) 

2529 

1796 

11361 

2164 
3650 

6200 

17390 

2854 

2283 
10293 

2542 

3580 

17463 

3034 

2488 
9848 

2674 
3590 

6040 

17279 

Source: Hydro-Quebec, La demande d'electricite au Quebec - Horizon 2006. 
March, 1989, Tableaux .1.2.4, A2.5, A2.7. 

Note: Auxi l iary heating in non-electric homes included in "Other Basic Use. II 

• 



Table A2.2 

Detailed Breakdown of Housing Units by Vintage and Heating Fuel 

Total units 

Electrically heated 

Pre·1981 units 
Pre·1981 electricaLly heated 
Pre-1981 electric he.t saturation 
Pre-1981 use per ""i t 
Pre-1981 total elec. heat use (TWh) 

1981 

Z173 
956 

Z173 
956 
44X 

12610 
lZ.06 

1988 

2529 
1796 

Z156 
1445 
67% 

11940 
17.25 

1996 

2854 
2283 

2136 
1609 
75X 

11095 
17.85 

Z001 

3034 
Z488 

Z123 
1645 
m 

10875 
17.89 

---.------------.---.------------.-----------------------------------------
1981·1988 units 
1981-1988 electrically heated 
1981-1988 electric heat saturation 
1981·1988 use per unit 
~ single faaaily 
use per Singl.·fanli,ly 
% aparc.nts 
use per apartment 
1981-1988 total elec. heat use (TYh) 

1989-1996 units 
1989-1996 electrically haated 
1989-1996 .lectric he.t saturation 
1989-1996 ... per unit 
% single flllily 
use per sintLe-f .. ily 
% aparn-nts 
use per apartment 

1988- 1996 total elec. hoat use (TYh) 

1996-Zoo1 units 
1996-Z001 electrically heated 
1996-2001 electric heat saturation 
1996-Z001 use per unit 
% singLe f_ily 
use per single-f_i Ly 
Xaper_ 
use per .. n.nt 
1996-Z001 total alec. h .. t use (MI) 

Source: Tableaux AZ.2, Al.3, Ala4, A2aS, A2a6, A2a7 

373 
351 
94:1 

8978 
SOX 

12800 
SOX 

5Z00 
3.15 

373 373 
351 351 
94X 94X 

8800 8673 
SOX SOX 

12544 12288 
SOX SOX 

5100 5100 
3.09 3.04 

345 345 
323 323 
94X 94X 

7916 7916 
41X 41X 

11979 11979 
5911 5911 

51QO 5100 
Z.56 Z.56 

193 
169 
88X 

5981 5981 
14X 

11392 
86X 

5100 
1.01 

Percentages of single-f .. ily ha.es and apartments calculated algebraic8llYa 
1981-88 IJSllge asa..-d to decline to 9a: of original fn 1996 and 96X in 2OO1a 

I 
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Table A2.3: Cost of Heating Conservation, New Construction 
Pagel 

Case IIUlber 2 • • • 0 7 8 • to 11 12 
I •• Roof ~ 2' " " " ,. 59 .. 31 " 

,. 
" " lb. UIH R 14 " 

,. .. 2Z .. .. " 3S " 
., " Ie, floor A " " " " 24 2. N " " " " " Id. 811ttment R 2 • • , • , 

" " 13 " " 1. 
Ie. Gluing • • • • • • • • , , , 
, f. At/Hour '.75 0.10 .... 0.50 .... D.so 0." 0.40 '.lO .... 0.20 .. " 
2. HHBTUtynr &200 1110 71.]0 61.06 51.34 44.06 « ... !I. 11 ]1.07 32.15 26.21 11.111 to.M '.78 
3. Kwh/velr 8500 IIDb 31452 24527 .0623 "MB 

,_ 
15337 "191 12914 10528 un 4362 ,029 

". t::wh/y.1I1'" 111,000 tlDD "''''' ..... " ... .om tn71 , ... , 17518 15191 ,., .. 5581 5132 .. " 
5. Savings. frDIII C8S. 11 .. 8500 HOD 6925.1110S29.56 13753.8& 1345&." tU\5..tIG 16561.M 1&517.99 Z09Z4.D3 26104.34 27089.97 Z15'2l.79 

b. 10,000 IIDII 814T.ZZ 12740.66 16181.02 15851.11 111959.76 194~.12 2'809.40 2(616.50 11421,60 31870.55 32380.91 

6, lner~t.t Savings .. 8500 HOD 6925.11 3904.4~ 2924.30 ·297.25 2659.'9 "5.18 197&.31 ....... 5114.34 381.61 'n.M 
b. 10,000 lIDO 11147.22 4591.44 ]WI.!6 -)49.11 312&.16 524.56 2325.01 2807.ID 6ID5.ID 441.95 510.38 

7. Crst over CMle 1 S1,2U 11,185 $2,5'2 1;2,411 12,15' n,505 ~,IZ5 1Ii,43C1 SS,519 '6,015 16,519 

fl. Al'Wlsl Cost w. .. else 2 ... S97 IB7 ., .. .,M 1215 S23r .,,. 1357 0395 
b. Prevlout elte S" ... '" (1;10) m .. , ... m $It ... ... 

9. Cenu/ln*' SlIved It 8500 a .. OYer CISI! 2 ••• M 0.0 0.7 1.' t.' 1.1 1.' 1.' t.' 
b. over prell'lOUII Case 1.' 1.2 1.r , .. t.' ID.9 ,., t.O 1.' 111.1 8.7 , 

_.c 
.-'"~-"-"---- -"--~ -- --~~ 
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Table A2.3 (continued) 

10. t~t./kwfl SIIw:d It to,DOO HOD 

s. IlYer Case Z 

b. over Pr.vlOUl C ... 

Netesl 

llJ H ... lng 1986 
(2) fl_lng 1986 
[3) (2)*8500/62410/.0031011 

flo) {2J*'OOOO/6200/.003413 
[1J Fleidng 1986 

I. I 

(8a) (ITI-lllca,eZ)·T.46X, Issumlng 30 ~.r Itfe 
rab] (In -171 crevt_ I:lISe)'*' .46% 
('ill] 18_J*100/l58) 

19b1 IBbJ·'00/16IJ 
"Usl nll·'01JI{5bJ 
flObI (8b'*'OCfI6bJ 

Source: 

D.' 
I.D 

0.' I.' 0.' 
2.' 

D.' 
I.D 

D •• 

••• 

PLC (1988), Table 4.2.4.5. 

I.D 
2.D 

1.1 
D.' 

I.' 
1.2 

S. I 
B.' 

1.2 
7.' 

, 

".01 2 
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Table A2.4 

Reasonably Attainable Savings from Residential water Heating 

Total 
Saturation Unit Avg. Saving Attainable 

Savings per Cust. savings 

Persons-per-household 
effect not considered 
by H-Q 140 kWh 375 GWh 

Temperature turn down 30% 443 kWh 125 kWh 334 GWh 

Water heater blanket 50% 136 kWh 68 kWh 273 GWh 

Purchase more 
efficient unit 59% 533 kWh 314 kWh 840 GWh 
(75% of all new units) 

Low-flow showerhead 50% 450 kWh 225 kWh 602 GWh 

Faucet aerators 50% 107 kWh 53 kWh 142 GWh 

Pipe wrap 50% 40 kWh 20 kWh 53 GWh 

More efficient 
dishwasher 20% 155 kWh 31 kWh 83 GWh 

Total reasonably 976 kWh 2702 GWh 
attainab1e savings (28%) 

2001 usage after 
savings 2614 kWh 6904 GWh 



u 
£STIH~TES OF RESIDENTIAL E~O USE BREAkDOWN 

Moya !!:cot!a 

Saturation unit ~rgy AV9. use per X of oth~r 
cOMUllptlon cun~r b.!lsic use 

\/!I!I.h@1" 60.9X 63 38 .6li: 
Oishwashar ~ISli: 389 

Refri~r!ltDr 100.4% 1159 

frl!ezer 55.7X 1045 
Clothes Dry,r 60.011: lZ21 

Elec Range 

IV 
Vaterbed 

lighting 

Other 

79.6% 

SS.4% 

too.ox 

Total non hilt/cool 

Furnace Fan 

,tUlI: Eh!e HlI!lIt 

htal Othl'!l" 

Minnesota 

Washer 

Dishwasher 

Refrlgel"lJtor 

freezer 
Clothes Dryer 

elec Range 

IV 
V1lterbed 

Lighting 

Other 

62.77: 

52.5X 

127.7% 
56.511: 
50.1X 

10.'" 

19.0:r.: 

100. OX 

Total 1'10n heat/cool 

Furnace Fan 
~"'" ':1 .. " M .. ~t 

Totlll 

68.411: 

, .. 
320 

'" 
400 

'34 
1287 

'02' 
999 

'" 
1043 
,or 

400 

" 1.'" 
1163 25 • .3% 

582 12.7X 

134 16.0X 

." 13 • .3l 

2., .. " 
1100 23.9% 

",. 100.~ 

25' 

4847 

81 ,.'" 
'64] 36.4X 

577 12.8X 

500 11.11 
508 11.3% 

19. ~.4" 
,or 20. IX 

100 2." 
4515 

'73 6.1% 

<78. 

I 

Ontlrio Pacific Gas and Electric 

Saturation Unit ent!";)' AV!t. use per "of other Satwation Un it energy AVI). use per X of other 
CGnStIIlption eustllller bq,ic:use e0ft9l111Ptfon cuu_r ~!llc: use 

a7.n: ., " 1.1% 

57.ll 2" 142 2.'" 
128.0% 'ZOO 1536 26.11 110.9% 108:!: 'ZOO 210.41 
63.'" ... 5.' '.'" 2!a.n 1135 ". . ... 
64.'" '000 640 tt.2X 60.01 1005 on, 12.31 
90.'" 'SO 855 14.9:l 59.71 ... 382 7." 

87.D2. ,,, 
'" 5.n 

23.n IZ40 293 6.'" 
1110.0% ... .00 13.91 
lOU.OX '34' '34' 23.4l '''' n." 

"" 100.01 4913 lOO.OX 
61.0%. 400 2" ".n 322 157 ].2% 

59" 5071 

CIty of .url,ngt~ Vermont Guebec 1988 (Estlrnatm) 

OS.'" 63 " .n< 
55.0% '" m Z.4I 

Z5.8% 128.OX 1215 1556 26.8% 
,.n on.'" ... '" 10.2): 

Dryer, Masher & dlshwalher 14.5" 60.'" '000 ... 10.37.: 
•. n 90.0% '61 ... 11.~ 

S7.~ '" '" 4." 
19.~ 1043 '98 3.4'% 

'.n 100.01 900 ... ".5% 
30.6% lDO.ox. eo. ... 1].9': 

100.0%. ,,., l00.Dl 

22.61 400 " 8.41 3664 3" 

, 
I~. 



Table A2.6 

Summary of Residential Savings Estimates 

End Use 

space heating -
retrofit pre-1981 

space heating -
retrofit 1981-1988 

space heating -
new construction 

water heating 

refrigerators 

freezers 

waterbeds 

lighting 

TOTAL RESIDENTIAL 
SAVINGS AT METER 

LINE LOSSES @ 9% 

TOTAL RESIDENTIAL SAVINGS 

Attainable 
Savings (GWh) 

3450 - 4350 

320 - 420 

1780 

2700 

790 

130 

180 

410 

9760 - 10760 

880 - 970 

10640 - 1173 0 

Peak MW 

1180 - 1490 

110 - 140 

610 

310 

90 

15 

20 

90 

2425 - 2765 

220 - 250 

2645 - 3015 
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Table A3.l 

Oetai led Breakdowi 01 Cornnercial Squere Footage by Vintage and Hesting Fuel 

1987 1996 2001 

Pre-1987 sq. meters 104300 101400 97100 
Pre~1987 electrically heated 41720 41208 38465 
Pre·1987 electric heat ~atur.tion 40% 41% 40% 

Pre&1987 eLec heat (kWh per sq. meter) 221 216 213 
Pr.·1987 total alec. heat use (TWh) 9.20 8.90 8.20 
Pre-t987 other use (kWh per sq. meter) 158 161 159 
Pr.-1987 total other use (TUh) 16.5 16.3 15.4 
Pre-1987 average use (kUh per sq. meter) 246 249 243 

1981-1996 sq. meters 27900 27900 
1987-1996 electrically heated 21700 21700 
1987-1996 electric helt saturatfon 781 78% 
1987-1996 use (kWh per sq. meter) 161 161 
1987-1996 total elec. h.at us. (TWh) 3.5 3.5 
1987-1996 other us. (kWh pel'" sq. MU,.) 161 161 
1987-1996 total other use (Nh) 4.5 4.5 
1987-1996 average use (k~ per sq. _ter) 287 287 

1997·2001 sq. meters 17300 
1997·2001 eleetl"'fcall y he.red 1m2 
1997·2001 electric he.t saturation 1111 
1997·2001 use (kWh per sq. _ter) 179 
1997·2001 total allC. h.at usa (TWh) 2.5 
1997·2001 other use (kWh ~er sq. meter) 202 
1997·2001 total other use (TYh) 3.5 
1997·2001 average use (kWh per Iqa _ter) 347 

Total sq. meters 104300 129300 142300 
TotaL electr;cally heated 41720 62908 74116 
Total elect~;c heat saturation 4CI 49% 52% 
Total eleca heat un (kWh per sqa _ter) 221 197 192 
Total elee he.t use (YUh) 9.2 12.4 14.2 

Total other use (kWh per sq. meter) . 158 161 164 
Total other use (TWh) 16.5 20.& 23.4 

Total average use (kWh per sq. _ter) 246 257 264 

Source: OEQ, Tableaux A3.3, A6.14. 

.... 
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Table A3.2 

commercial Building End Use Breakdown 

% of Total 1987 Load 2001 Load 

Cooling 6% 1000 GWh 1400 GWh 
Lighting 47% 7800 11000 
Ventilation 9% 1500 2100 
Refrigeration 16% 2600 3700 
Cooking 3% 500 700 
other 19% 3100 4500 

TOTAL 100% 16500 GWh 23400 GWh 



Table A3.3 

summary Of Commercial Savings Estimates 

Commercial Buildings 

space and water heating 

retrofit pre-1987 820 GWh 280 MW 

new construction 1200 GWh 410 MW 

Lighting 3300 GWh 750 MW 

Motors and ventilation 210 GWh 50 MW 

Refrigeration 740 GWh 85 MW 

Subtotal Commercial Buildings 6270 GWh 1575 MW 

streetlighting 225 GWh 50 MW 

Total Commercial 
savings at Meter 6495 GWh 1625 MW 

Line Losses @ 9% 580 GWh 150 MW 

Total Commercial Savings 7075 GWh 1775 MW 



Table A4.l 

Industrial Electricity Demand in Quebec 

Smelting and 
refining [1] 

Total 
Private supply 
Hydro-Quebec 

PUlp and paper 
Total 
private supply 
Hydro-Quebec 

Chemicals 
Total 
Private supply 
Hydro-Quebec 

other 
Total 
Private supply 
Hydro-Quebec 

TOTAL 
Total 
Private supply 
Hydro-Quebec 

1988 

26.5 
16.5 
10.0 

17.8 
4.6 

13.2 

5.2 
0.6 
4.6 

17.6 
0.6 

17.0 

67.1 
22.3 
44.8 

<'!" , 

1996 

33.2 
16.3 
16.9 

21.3 
3.3 

18.0 

7.3 
0.6 
6.7 

22.7 
1.2 

·21.5 

84.5 
21.2 
63.3 

[1] Aluminum comprises 84% of Total in 1988. 

2001 

35.4 
16.2 
19.2 

22.6 
2.7 

19.9 

8.6 
0.7 
7.9 

24.4 
0.9 

23.5 

91.0 
20.5 
70.5 



Table A4.2 

Industrial Sector Savings Reasonably Attainable by 2001 

Aluminum industry efficiency improvement 1900 GWh 220 MW 

Hold pulp and paper self-generation at 
1988 levels 2000 GWh 225 MW 

General lighting savings 1430 GWh 220 MW 

General motor savings 3130 GWh 480 MW 

Subtotal 8460 GWh 1145 MW 

Transmission losses (at 7%) 590 GWH 80 MW 

TOTAL 9050 GWh 1225 MW 



Table A6.1 

summary of Total HQ Reasonably Attainable Savings by 2001 

Energy Peak Load 

Residential Sector 10,640 - 11,730 GWh 2,645 - 3,015 MW 

commercial Sector 7,075 GWh 1,775 Mif 

Industrial Sector 9,050 GWh 1,225 Mif 

TOTAL 26,765 - 27,855 GWh 5,645 - 6,015 MW 

... 
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1 1. INTRODUCTION 

2 

3 Q: How is this Appendix structured? 

4 

5 A: In Section 2, we consider the effect of the VJO and NYPA 

6 Contracts on the reliability of the HQ System. In Section 3, 

7 we determine the supply sources that are likely to be associated 

8 with VJO and NYPA Contracts. section 4 considers the effect of 

9 conservation on the need for new hydro projects. 

10 

11 Q: Do you have any other introductory comments? 

12 

13 A: Yes. We would like to comment on the approach that we have 

14 utilized in our analysis of HQ system planning and operation. 

~5 Availability of detailed information concerning the HQ System 

16 has been a major issue for our work. The level of publicly 

17 available information varies, but overall our analysis has been 

18 handicapped by the limitations of the data. We attempted to 

19 maximize the usefulness and reliablility of the available 

20 information by extensive review and cross-checking of sources. 

21 Furthermore, in this Appendix, we have sought to identify when 

22 the information we are utilizing is relatively less complete or 

23 definitive; we have also sought to identify when our findings 

24 are tentative or conditional on information that may not be 

25 fully current or comprehensive. Thus, despite the limitations .... 
. 26 concerning the available information, we believe that we have 
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1 been able to develop an analysis that is reliable and can be 

2 utilized in decision-making concerninq the VJO and NYPA 

3 Contracts. 

4 

5 Our qoal as utility analysts is to assist the regulators in 

6 rendering decisions that maximize the well-being of society. 

7 We believe that the requlatory process benefits when the 

8 evaluation of the relevant issues is as complete and competent 

9 as possible. We believe that such an evaluation is most 

10 likely when all of the participants in the requlatory process 

11 have access to the information required for sophisticated 

12 analysis and when the analysis provided is fully reviewable. 

13 

14 Thus, we have sought to identify the issues that are most 

15 important for an evaluation of the effects of the VJO and NYPA 

16 Contracts on the planninq and operation of the HQ System. 

17 FUrthermore, we have attempted to analyze and quantify these 

18 effects to the extent possible. 

19 

20 In conclusion, we wish to emphasize our willinqness to provide 

21 additional analysis, if such analysis will assist the National 

22 Energy Board in fulfillinq its responsibilities. To the extent 

23 that additional relevant information becomes available, we stand 

24 ready to update our analysis to inteqrate this new information. 
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1 2. RBLXABXLXTY OP HYDRO-QUBBBC POWBR SUPPLY 

2 

3 2.1 overview 

4 

5 Q: Could you define the term "reliability" as it relates to a'bulk 

6 electric power system? 

7 

8 A: The North American Electric Reliability Council (NERC)1employs 

9 the following definition: 

10 RELIABILITY, in a bulk electric system, is the degree 
11 to which the performance of the elements of that 
12 system results in electricity being delivered to 
13 customers within accepted standards and in the amount 
14 desired. The degree of reliability may be measured by 
15 the frequency, duration, and magnitude of adverse 
16 effects on the .. eljactric supply (or service to 
17 customers). 
18 
19 Bulk electric system reliability can be addressed by 

~20 considering two basic and functional aspects of the 
21 bulk electric system - adequacy and security. 
22 
23 ADEQUACY is the ability of the bulk electric system to 
24 supply the aggregate electrical demand and energy 
25 requirements of the customers at all times, taking 
26 into account scheduled and unscheduled outages of 
27 system components. 
28 
29 SECURITY is the ability of the bulk electric system to 
30 withstand sudden disturbances such as electric short 
31 circuits or unanticipated loss of system components. 
32 NERC (1989) at inside back cover. 

33 

34 \JERC operates as a federation of regional reliability 
35 councils. HQ is a member of the Northeast Power Coordinating 
3111tCounqil (NPCC), together with New England Power Pool, New York 
37 Power Pool, ontario Hydro, New Brunswick Power, and Nova scotia 
38 Power. 
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1 Q: Why is it necessary to evaluate the VJO and NYPA Contracts 

2 within the context of power system reliability? 

3 

4 A: Electric utility system planning and operation are performed 

5 

6 

7 

8 

9 

10 

11 

12 

13 Q: 

14 

15 

16 A: 

17 

within a context of reliability considerations. For example, 

reliablility considerations are an important component in the 

determination of how much generation and transmission is 

required to serve a given level of 10ad. 2 Thus, system 

reliability provides the context for a meaningful evaluation of 

whether electricity that is proposed to be exported is surplus 

to reasonably foreseeable requirements. 

How have you structur.ed.y;our evaluation of reliability issues 

relating to the VJO and NYPA Contracts? 

In section 2.2, we discuss reliability issues as they relate to 

analysis of power systems dominated by hydro-electric 

18 ~s the desired level of reliability increases, the amount of 
19 generation and transmission that is required to serve a given level 
20 of load will also increase. 
21 Simple comparisons of the amount of load and capacity can be 
22 misleading if reliability is not considered. For example, a 
23 specific transmission line could have a rating that is more than 
24 sufficient to carryall expected loads under normal operating 
25 conditions. On this basis, it might appear that surplus capacity 
26 is present and that additional load could be supported by existing 
27 facilities. However, under certain emergency conditions (such as 
28 the loss of a parallel transmission line), the loadings on this 
29 transmission line could exceed allowable ratings. Thus, in terms 

,. 30 Of system security, existing transmission capacity might already 
31 be inadequate to serve existing loads; no surplus capacity would 
32 be available for any additional loads. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Q: 

generation. In section 2.3, we evaluate the adequacy of HQ's 

supply of energy (MWh). section 2.4 considers the adequacy of 

HQ's supply of capacity (MW). Transmission issues are discussed 

in section 2.5. Our testimony focuses on the nadequacyn aspect 

of reliability, although some portions of this analysis also 

relate to the nsecurityn aspect of reliability. 

2.2 Reliability Issues for Hydro systems 

In evaluating HQ system reliability, is it necessary to consider 

the type of generating capacity on the system? 

13 A: Yes. HQ's power supply is predominately hydroelectric 

14 generation, and it appears likely that HQ will remain a 

15 predominately hydro system for the forseeable future. Most 

16 North American utility systems, including those of Ontario, New 

17 Brunswick, Nova scotia, and Alberta, are dominated by thermal 

18 generation. 3 (NEB, 1988; NERC, 1989) Hydro-dominated electric 

19 utility systems have several characteristics that distinguish 

20 them from thermal-dominated systems. These differences have 

21 important implications for power supply planning. 

22 

23 

2~ ~e electric utility systems of Labrador, Manitoba, British 
25 Columbia, and the Pacific Northwest region of the u.s. are hydro-
26 dominated. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 -- 34 
35 
36 

Q: 

A: 

Could you elaborate on the distinctions between hydro-dominated 

and thermal-dominated systems? 

Thermal-dominated systems are generally capacity-constrained. 

capacity is usually the most critical component. Adequacy of 

capacity4to meet peak load is a major consideration in thermal 

system supply planning. Adequacy of energyS is not usually a 

major consideration; if sufficient capacity is installed to meet 

peak load, it is likely that sufficient energy can be generated 

to fulfill annual energy requirements. 6 The principal effect of 

energy requirements on thermal system power supply planning is 

its influence on the trade-off between capital and operating 

\-he standard unit of measure for electrical load and capacity 
is watts (W). For convenience, the larger units listed below are 
commonly used when describing electric utility systems: 

kilowatts (kW) = 1,000 W 
megawatts (MW) = 1,000 kW 
gigawatts (GW) = 1,000 MW 
terawatts (TW) = 1,000 GW. 

" -The standard unit of measure for electrical energy is watt-
hours (Wh). For convenience, the larger units listed below are 
commonly used when describing electric utility systems: 

kilowatt-hours (kWh) = 1,000 Wh 
megawatt-hours (MWh) = 1,000 kWh 
gigawatt-hours (GWh) = 1,000 KWh 
terawatt-hours (TWh) = 1,000 GWh. 

'It is beyond the scope of our testimony to fully explore this 
issue. It is sufficient to note here that the availability of fuel 
for thermal generation is generally not constrained, that thermal 
generating units have availability factors that for the most part 
equal or exceed system load factor, and that thermal systems 
generally have substantial reserve margins (~, installed 
capacity exceeds peak demand by 15% or more). However, it is 
possible for a thermal system to be energy constrained. 
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1 costs. 7 

2 

3 Hydro-dominated systems are generally energy-constrained. The 

4 most important consideration in the adequacy of power supply is 

5 the ability to fulfill annual energy requirements, which in turn 

6 depends on having adequate fuelS and capacity available. Hydro 

7 fuel supply adequacy is generally the more serious of these two 

8 constraints. As HQ's current drought situation emphasizes, the 

9 supply of water is limited, variable, and uncertain. On the 

10 other hand, hydro capacity to meet peak loads can generally be 

11 provided at a relatively low cost. 9 Hydro operating costs are 

12 7More specifically, it is the relationship between energy 
13 requirements and peak demand which influences the trade-off between 
14 capital and operating costs, and thus the choice of base-load, 
15 intermediate, and peaking capacity. The relationship between 
16 energy requirements and peak demand is commonly expressed as load 

--l.7 factor, the ratio of average load to peak load. 

18 PHydroelectric generation differs from thermal generation in 
19 that it does not require combustible fuel to produce heat or motive 
20 power. However, in conceptualizing the operation of a hydro 
21 system, it is useful to consider what input is analogous to that 
22 of the fuel used by thermal systems. In this context, the "fuel" 
23 for hydroelectric generation is falling water. Power supply 
24 planners at ontario Hydro and in the Pacific Northwest have 
25 utilized this terminology. 
26 It should be noted that the fuel for hydroelectric generation 
27 is not actUally "falling" water; rather, the water that moves 
28 hydroelectric turbines is under pressure due to a differential in 
29 elevation ("head"). 

30 !art is beyond the scope of our testimony to fully explore this 
31 issue. It is SUfficient to note here that hydro peaking capacity 
32 can be provided by measures such as increasing the number of 
33 turbines at existing dams. However, increasing capacity at a dam 
34 does not increase the fuel (water) supply, so annual generation is 
35 for the most part unchanged. Adding capacity can also result in 
3.some increase in annual energy generation if it reduces "spilling." 
37 Spill"ing occurs when water flows exceed available turbine capacity; 
38 it can result from peak water flows (generally in spring and in 
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1 not a major consideration since the fuel is generally free or 

2 very cheap. 

3 

4 Q: How does your discussion of capacity and energy constraints 

5 apply to HQ? 

6 

7 A: OVer the long term, we would expect'that HQ's supply planning 

8 decisions would be dominated by the need to meet annual energy 

9 requirements. Requirements for peaking capacity would be 

10 secondary. In fact, HQ is currently both energy and capacity 

11 constrained and is planning construction of both peaking and 

12 base-load capacity.m However, the need for base-load capacity 

13 to meet annual energy requirements dominates supply planning 

14 owing to its greater lead times, capital costs, and potential 

15 high run-off years) and when turbine equipment is out-of-service. 
16 

17 mAs discussed in Section 5.2 of our testimony, a 
18 recommendation has been made to HQ management for installing 500-
19 750 MW of gas turbines at La citiere in the 1992-1993 period. This 
20 is consistent with HQ (1989c at 10) which states that gas turbines 
21 will be installed to meet peak load. 
22 As discussed previously, hydro systems generally offer 
23 relatively low-cost opportunities for provision of peaking 
24 capacity. HQ's installation of gas turbines may be driven by a 
25 need for short lead times as well as reliability considerations. 
26 Gas turbines can be located close to load centers (thus enhancing 
27 system security and reducing transmission requirements). 
28 Furthermore, gas turbines are not affected by variations in hydro 
29 run-off. NPPC (1986) discusses how gas turbines can be used to 
30 reduce the uncertainties in availability of hydro energy. 
31 It is also possible that the economics of additional hydro 
32 peaking capacity is adversely affected by the cost of additional 

.... 33 transmission to remote hydro sites: the cost per kwh to add 
34 transmission to serve low load factor generation may be quite 
35 substantial. 
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1 

2 

3 

4 

5 

6 Q: 

7 

8 

9 A: 

10 

11 

12 

13 

14 

15 Q: 

16 

17 

18 A: 

19 

20 

21 

22 

23 

24 

environmental effects. Thus, our analysis will focus on energy 

rather than capacity requirements. 

2.3 Adequacy of Energy Supply 

For the HQ system, what are the principal determinants of the 

adequacy of generation and energy supply? 

As defined by NERC, adequacy is the ability of the bulk electric 

system to supply the aggregate requirements of customers at all 

times. For a hydro-dominated system such as HQ, adequacy of 

hydro fuel supply is probably the single largest determinant of 

adequacy of generation and energy supply. 

Could you discuss how the adequacy of hydro system power supply 

is affected by the nature of hydro fuel supply? 

The supply of water is limited, variable, and uncertain. Each 

of these characteristics can have a very significant impact on 

the adequacy of energy supply for a hydro system;U however, 

reservoir storage and other strategies can be used to reduce the 

impact of some of these hydro fuel supply characteristics. We 

will consider the effect of each of these characteristics. 

25 ~n contrast, the impact of fuel supply constraints on the 
26 adequacy of thermal generation has generally not been significant. 
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1 Hydro fuel supply is limited. The amount of water available 

2 places an upper limit on the amount of available energy 

3 generation. l2 Reservoir storage can be used to provide 

4 flexibility in when this generation takes place, but it does 

5 not change the total amount of fuel supply that is available. D 

6 

7 Hydro fuel supply is variable. water flows~ are dependent on 

8 a natural process (weather) which is inherently variable. lS 

9 Generally, water flows will vary both during the year and across 

10 years. Flows within a year tend to vary in a certain seasonal 

11 pattern, but this pattern may not be identical from year to 

12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 

~aximum potential electricity generation in a hydro system 
is also constrained by the available generating capacity. At any 
given time, maximum generation can not exceed available generating 
capacity. 

»River flows may sometimes exceed available turbine 
(generating) capacity, especially during peak flow periods such as 
spring run-off. River flows in excess of turbine capacity must 
either be spilled or stored. Thus, reservoir storage can have some 
effect in terms of increasing the amount of energy that can be 
produced from the available water supply. Adding additional 
turbine capacity can also have this effect. 

loirn this testimony, we utilize three terms relating to 
hydraulic flows in a hydro system. "Run-off" refers to water that 
enters the hydro system from natural sources such as rainfall and 
melting of snow. "River flows" refers to water that has entered 
the rivers and reservoirs that are part of the hydro system. 
"Water flows" refers to both run-off and river flows. 

l!\rariation in weather is generally defined in terms of 
deviation from a base-line. The base-line is usually calculated 
~s some kind of long-term historical average. The base-line 
calculated for weather, as well as run-off and other water flows, 
is commonly referred to as "normal" or "average." 
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1 year. l6 Total annual flows also vary from year to year. As the 

2 amount of reservoir storage is increased, the utility gains a 

3 greater ability to produce electricity in a pattern other than 

4 that of the variation of water flows. other strategies, such 

5 as use of non-hydro generation and purchases from other systems 

6 can also be used to provide electric supply that is not 

7 dependent on water flows. 

8 

9 Hydro fuel supply is uncertain. Variations from average run-

10 off are only predictable to a limited degree. Snowpack can be 

11 measured to estimate contribution to spring run-off. Forecasts 

12 of precipitation may have some predictive value, especially over 

13 the short-run. However, at any time, it is not< possible to 

14 predict all future variations in water flows with complete 

15 accuracy. Future improvements in weather forecasting techniques 

16 may reduce the uncertainty of hydro fuel supply, but it appears 

17 likely that this uncertainty will continue to have important 

18 implications for power supply planning. II As the amount of 

19 lEFor example, during a warmer than normal winter, run-off 
20 could be higher than normal because precipitation was received in 
21 the form of rain rather than snow. However, the snowpack 
22 accumulated would be less than normal. This could result in lower-
23 than-normal run-off during spring when the snowpack melts. 

24 II Power supply planning must consider adequacy of supply over 
25 both the short-term and the long-term. Even if the ability to 
26 predict short-term weather dramatically improved, uncertainty will 
27 probably remain concerning the accuracy of forecasts of run-off for 
28~eriods further in the future. 
29 Furtilermore, it is possible that weather will become more 
30 variable and unpredictable due to the effects of global climate 
31 change. 
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1 

2 

3 

4 

5 

6 

7 Q: 

8 

9 

10 

11 A: 

12 

13 

14 

15 

reservoir storage is increased, relative to loads, the utility 

gains a greater ability to mitigate the effect of the 

uncertainty in hydro fuel supply. Other strategies, such as use 

of non-hydro generation and purchases from other systems can 

also be used to mitigate the uncertainty of water flows. 

In evaluating adequacy of supply' for a hydro system, how 

important is the variability and uncertainty of hydro fuel 

supply? 

It will generally be very important. The variability and 

uncertainty of hydro water supply have the effect of reducing 

the amount of firm customer requirements that can be reliably 

supplied by the hydro system.-

16 Q: For different hydro systems, will there be substantial 

17 differences in the effects on adequacy of supply relating to 

18 the variability and uncertainty of hydro fuel supply? 

19 ~s the definition in section 2.1 indicates, adequacy of 
20 supply must be interpreted as a comparison between supply and 
21 demand. The supply is the ability of the bulk power system to 
22 provide electrical capacity and energy. The demand is the 
23 requirements for capacity and energy of the system's customers. 
24 In reliability analysis, it is important to differentiate 
25 between firm and surplus sales. Firm sales require a high degree 
26 of reliability, since they generally require that a utility be 
27 prepared to supply customer requirements at all (or almost all) 
28 times. Surplus sales do not generally require a substantial level 
29 of reliability; they usually allow the utility to provide 

~ 30 ~lectricity on an as-available basis. Thus, in our discussion of 
31 adequacy of supply, we will generally refer to the amount of firm 
32 customer requirements that can be reliably supplied. 
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1 

2 A: Yes. The effects will be greatest for a hydro system with no 

3 reservoir storage and no other sources of electricity (such as 

4 fossil generation or purchases from other systems). On such a 

5 hydro system, the pattern of available energy generation is 

6 dependent on the pattern of river flows.~ The amount of firm 

7 customer requirements that can be reliably supplied will be 

8 limited by the period of the lowest hydro supply relative to 

9 customer demand. Z The pattern of hydro water flows does not 

10 generally correspond to the pattern of firm customer 

11 requirements, so it is likely that the hydro system would have 

12 very substantial capacity in excess of firm requirements at most 

13 times. 

14 

15 Furthermore, hydro water flows are uncertain. The variation in 

16 total run-off between years can be quite large, and the system 

17 planners do not know a priori whether a given year will be 

18 unusually wet or dry. Thus, the amount of firm requirements 

19 that can be reliably supplied will be limited by the "worst-

20 case" of lower than average run-off. In years when actual 

21 water flows were greater than the worst-case assumed for 

22 ~ noted previously, maximum potential electricity generation 
23 in a hydro system is also constrained by the available generating 
24 capacity. At any given time, maximum generation can not exceed 
25 available generating capacity. 

2~ ~his would not necessarily occur at the time of lowest hydro 
27 supply or highest firm customer demand, but rather when the 
28 combination of supply and demand was most constraining. 
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2 
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4 

5 

6 

7 

8 
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10 

11 

12 

13 

14 

15 

16 

17 

Q: 

planning purposes, the hydro system would have energy in excess 

of firm requirements. 

on the other hand, it is possible to conceive of a hydro system 

where variability and uncertainty of hydro fuel supply would 

have no substantial impact on adequacy of supply. For example, 

if the amount of reservoir storage capacity on a hydro system 

were large enough, variations in run-off around the long-term 

average would not be a problem, since reservoir storage could 

be used to "average" all of the wet and dry years. If the 

amount of water stored in the reservoirs were large enough, the 

uncertainty concerning the variability of run-off would also not 

be a problem. 21. 

For HQ, how important is the effect of the variability and 

uncertainty of hydro fuel supply on the adequacy of supply? 

18 ~t is important to differentiate between reservoir storage 
19 capacity (physical facilities that can be used to retain water) and 
20 reservoir storage levels (the actual amount of water in storage). 
21 Reservoir storage capacity allows a hydro system to average out 
22 the variability of run-off. For example, in wet years, water could 
23 be added to storage (reservoir filling). In dry years, water could 
24 be drawn from storage (reservoir drawdown). OVer the long term, 
25 additions and withdrawals from storage would balance out. 
26 However, the actual timing of the variation in run-off is also 
27 uncertain. Before the fact, it is unknown which years will be 
28 drier than average and which will be wetter than average. Thus, 
29 to ensure adequacy of supply, it is generally necessary for a hydro 

__ 30 I(lystem to maintain a substantial reserve of water stored in 
31 reservoirs. otherwise, there might not be enough water in storage 
32 to cover drawdown in a dry year. 
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1 A: The potential effect is very substantial, but it has been 

2 mitigated by reservoir storage and other strategies. For the 

3 HQ System, the period of high seasonal demand coincides with 

4 low seasonal run-off. Run-off also varies substantially across 

5 years. For HQ, the maximum recorded variations in annual run-

6 off are more than 20' of normal annual run-off.~ If HQ had to 

7 operate its hydro system without any storage or non-hydro 

8 sources, it could only reliably serve less than half of its 

9 current firm customer requirements. 21 

10 

11 Fortunately, HQ has a substantial level of reservoir storage 

12 capacity. HQ also has some thermal generation and can use some 

13 other strategies to mitigate the effect of hydro fuel supply 

14 variability and uncertainty. 

15 

16 Q: To what extent has HQ been able to mitigate the effect on 

17 adequacy of supply relating to the variability and uncertainty 

18 of hydro fuel supply? 

19 

20 2l'The annual variations in the Pacific Northwest are even 
21 larger. HQ may receive some benefit of weather diversity by having 
22 its hydro system dispersed over such a large area. 

23 2\s noted previously, the amount of firm requirements that can 
24 be reliably supplied will be limited by the period of the lowest 
25 hydro supply relative to customer demand. Additional capacity 
26 would be available at many times during the year and at all times 
27~n years with above worst-case run-off1 however, without reservoir 
28 storage, this additional capacity could not support additional firm 
29 load. It could be used to make surplus sales. 
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1 A: This is a complex issue which is of great importance in 

2 evaluating the future reliability of the HQ System. This issue 

3 also affects the determination of the supply resources that are 

4 likely to be associated with the VJO and NYPA Contracts. In 

5 analyzing the effect of variability and uncertainty on the HQ 

6 System, it is useful to differentiate between seasonal variation 

7 (within the year) and multi-annual variation (across years). 

8 (HQ, 1985b at 23; HQ, 1987 at 50). The pattern of seasonal 

9 variation is superimposed on the longer term pattern of multi-

10 annual variation. Figure B.l~presents a graph prepared by HQ 

11 of historical and forecasted reservoir levelS on their system. 

12 The two patterns of seasonal and mUlti-annual variation can be 

13 clearly seen. 

14 

15 Q: Could you discuss how reservoir storage affects hydro system 

16 planning and operation? 

17 

18 A: One of the most important attributes of electricity as an energy 

19 source is that there are no currently viable technologies for 

20 large-scale storage. To avoid unacceptably large variations in 

21 voltage, as well as potential blackouts, electricity production 

22 must be instantaneously adjusted to maintain an equilibrium with 

23 usage. 

24 

25 ~igures and tables denoted with the prefix "B" are provided 
26 in Attachments 1 and 2 of this appendix. 
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1 Unlike electricity, water can be easily stored. The storage of 

2 water in reservoirs behind hydroelectric dams can act as a 

3 surrogate form of electricity storage. Reservoir storage allows 

4 the utility to vary electricity production in a pattern other 

5 than that of water flows. Since the pattern of fluctuation in 

6 water flows does not generally correlate with the pattern of 

7 fluctuation in electricity demand, storage is very important in 

8 matching generation to consumption. 

9 

10 Q: Could you elaborate on how the pattern of water flows compares 

11 with that of generation requirements? 

12 

13 A: In general, river flows vary quite substantially during the year 

14 with peak flows in spring. For most utilities, electricity 

15 demand varies Substantially during the day, week, and year. Z 

16 The pattern of demand for a specific utility depends largely on 

17 the pattern of end-use and weather, since weather-sensitive 

18 loads drive most utility peaks. 

19 

20 River flows also vary substantially across years. It is this 

21 annual variation which particularly complicates hydro system 

22 supply planning, since it can result in wide variations in 

23 available annual energy production. 

24 

• 
25 ~n exception to this general pattern would be a utility that 
26 principally serves continuous process industrial load. 
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1 Q: How are hydro facilities classified in terms of amount of 

2 reservoir storage? 

3 

5 

6 

7 

4 A: Facilities with a "multi-annual" reservoir are those with 

sufficient storage to match annual river flows with annual 

generation requirements over some period greater than a year. 

Thus, run-off from an unusually wet year can be saved for use 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

in generating electricity in some future period. Similarly, 

stored water can be used to maintain production in a dry year. 

HQ has several multi-annual reservoirs on its system, including 

La Grande 3, Caniapiscau, and Manic 5. 

Facilities with an "annual" reservoir are those with SUfficient 

storage to match average annual river flows with average annual 

generation requirements. If annual river flow is greater than 

average, available energy output will increase or the excess 

water will be spilled. Conversely, lower than average river 

flow will result in reduced output. Facilities with an amount 

of storage less than an annual reservoir are called "pondage" 

hydro. 

Facilities with no storage are called "run-of-river," ~, 

their generation varies directly with river flow. Examples 

include HQ's Beauharnois station on the st. Lawrence River as 

well as its Carillon and Riviere des Prairies Stations. 
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1 Q: How much reservoir storaqe capacity does HQ have on its supply 

2 system? 

3 

4 A: Table B.l reports 1989 data3i for HQ-owned facilities, Churchill 

5 Falls,a and total HQ supply. Total storaqe capacity on the HQ 

6 system is currently about 141 TWh. 

7 

8 Q: How larqe is this storaqe capacity relative to annual run-off? 

9 

10 A: Table B.l includes 1989 data for average annual run-off. As 

11 shown in that table, HQ total storage capacity is 82% of average 

12 annual run-off. m 

13 

14 Q: How does the presence of reservoir storage on the HQ System 

15 affect the need to balance energy supply and requirements? 

16 

17 A: The larqer the amount of reservoir storage, the greater the 

18 ability of the utility to average out the fluctuation of run-

19 2i6Available enerqy qeneration is a function of water volume and 
20 head (elevation drop). Head is site-specific. In terms of 
21 available energy generation, a cubic foot of water at one reservoir 
22 may not be equivalent to a cubic foot at another reservoir. Thus, 
23 for power supply planninq, reservoir storage is stated in terms of 
24 potential electrical enerqy production. 

25 a In general, we have included Churchill Falls in our 
26 discussion of HQ hydro facilities. Churchill Falls is not owned 
27 by HQ, but virtually all of its output is delivered to HQ under a 
28 long-term purchase contract • .... 
29 ~t should be noted that the annual run-off data in Table B.1 
30 is slightly lower than that of some other HQ estimates. 
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1 off over the year and across years.~ Within certain 

2 constraints,HQ may not need to closely balance annual levels 

3 of energy supply and consumption. Again, within certain 

4 constraints, production can be transferred across years. For 

5 example, the same water could be used to generate 2 kWh in 2000 

6 or 1 kWh in each of 2000 and 2001. 

7 

8 Similarly, the precise timing of consumption is less important 

9 due to storage. 2 kWh of additional load in 2000 is equivalent 

10 to 1 kWh of load in each of 2000 and 2001. 

11 

12 Q: In evaluating the affect of reservoir storage on the HQ System, 

13 is it necessary to consider each reservoir individually? 

14 

15 A: Each of the individual hydro facilities must be operated subject 

16 

17 

18 

19 

20 

21 
22 
23 

24 
25 
26 
27 
28 
29 
30 

to the constraints Of its storage capacity. However, on a 

system basis, these individual variations are less important. 

For most of our analysis, it appears to be adequate to model the 

HQ hydro system as one large reservoir that receives the total 

run-off of the entire HQ hydro system.~ 

3Reservoir storage can also be used to average out 
fluctuations in required generation, which results from variations 
in demand levels and output of other generating facilities. 

3The HQ hydro system is operated on a unified basis to meet 
customer requirements. Water supply is not fungible between hydro 
facilities, but electricity production is. For example, let us 
assume that one HQ reservoir has above average run-off and that no 
reservoir storage capacity is available to store this run-off. HQ 
must either spill this water or use it to generate electricity. 

However, storage capacity may be available at another reservoir 
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1 Q: What determines the amount of reservoir storage that is required 

2 to mitigate the effects of seasonal variation? 

3 

4 A: To calculate the amount of storage required for seasonal 

5 variation, we have to compare the seasonal pattern of run-off 

6 and customer requirements. Table B.2 provides data on monthly 

7 run-off, hydro generation, and total energy requirements for 

8 the HQ System. The source of these data is a HQ planning 

9 document for the February 1989-January 1990 period. Cauchon n 
10 al. (1989). 

11 

12 which is experiencing normal run-off. HQ could then increase 
13 electric generation at the first reservoir and reduce generation 
14 at the second reservoir. In effect, storage levels would increase 
1:5 at the second reservoir due to the high run-off at the first 
16 reservoir. 
17 In fact, it appears that the actual HQ hydro system operates 
18 somewhat less efficiently than would be implied by the simplified 
19 model of the HQ hydro system as a single reservoir with multi-
20 annual storage capacity. Water may have to be spilled at one dam 
21 even though storage capacity is available at another facility. 
22 This is due to several factors. First, available turbine capacity 
23 at each dam is limited. Scheduled maintenance and forced outages 
24 will further reduce available capacity at certain times. Even in 
25 a dry year, water flows could sometimes exceed turbine capacity. 
26 If no storage capacity was available (~, at a run-of-river 
27 plant), water would have to be spilled. Second, the electrical 
28 output of a hydro facility might be unusable due to equipment 
29 outages, such as the loss of transmission lines. This could 
30 require spilling if no storage capacity was available. Thus, due 
31 to spilling, the amount of run-off that is usable for hydro 
32 generation is less than the total run-off received. 
33 The amount of spilling on the HQ system due to the reasons above 
34 appears to be relatively small. With the declining reservoir 
35 levels and below-average run-off of recent years, the amount of 
36~pillipg has decreased to around 1% of run-off. 
37 
38 
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1 Figure B.2 illustrates the seasonal pattern of run-off and 

2 energy requirements on the HQ system. As Figure B.2 indicates, 

3 the year can be divided into two parts. November through April, 

4 coinciding with the winter freeze and heavy use of electric 

5 space heat, is the period of low run-off and high electric 

6 demand.~ May through october, coinciding with the melting of 

7 snow and relatively small air conditioning load, is the period 

8 of high run-off and low electric demand. 

9 

10 For convenience, we will refer to these two periods as "winter" 

11 and "summer." winter has only 26t of run-off, but 58t of energy 

12 consu.mption. conversely, summer accounts for 74t of run-off and 

13 42t of energy consumption. Thus, the high demand period 

14 coincides with low run-off. 

15 

16 HQ must have storage capacity available at the beginning of 

17 summer if it wants to retain run-off in excess of customer 

18 requirements.~ More importantly, HQ must have sufficient water 

19 in storage during the winter so that it will be able to fulfill 

20 customer requirements until run-off increases in May. 

21 

22 A sizable amount of reservoir storage is required to compensate 

23 3Run-off at some HQ hydro facilities remains relatively high 
24 through November. 

25 l1storage capacity can also be used to retain run-off that 
26 exceeds available turbine capacity. 
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1 for the large mismatch between seasonal run-off and demand. A 

2 simple comparison of the data for run-off and demand indicates 

3 that HQ must have the equivalent of 32% of annual energy 

4 requirements in reservoir storage at the beginning of winter. 

5 However, this simple comparison assumes that annual run-off and 

6 energy requirements are of equal magnitude. This is not 

7 necessarily true. 

8 

9 Q: Have you been able to quantify the amount of seasonal reservoir 

10 storage that is required by HQ? 

11 

12 A: Table B.3 calculates the required reservoir storage at the 

13 beginning of summer-and,winter for 1985-2020.~ The seasonal 

14 pattern reflected in Table B.2 is assumed for all years. Data 

15 on run-off and hydro generation31 are taken from Table B.4, Which 

16 presents supply and demand estimates from HQ's 19/1/90 Updated 

17 filing in this proceeding. Table B.4 also includes actual 

18 historical data for 1984-89. 

19 

20 

21 3nata for January 1 and March 1 are also provided to 
22 illustrate how required storage capacity decreases as the winter 
23 progresses. 

24 ~The operation of reservoir storage is a function of run-off 
25 (intake) and hydro generation (outake), so the data in Table B.3 
26 are based on energy requirements for hydro generation, rather than 
27~or the entire HQ system. On the HQ system, hydro generation is 
28 closely related to total system energy requirements, since most of 
29 HQ's power supply is currently hydro-based. 
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1 For 1990 and beyond, HQ's 19/1/90 Update assumes normal run-off 

2 and the 1989 Development Plan Target Demand Scenario, as 

3 adjusted for several changes since the preparation of the 

4 Development Plan.~ It should be noted that the 19/1/90 Update 

5 assumes no new export contracts beyond those with VJO and NYPA 

6 currently under review in this proceeding; the 1989 Development 

7 Plan and HQ'S original application in this proceeding 

8 incorporated the goal of 3,500 MW of firm exports by the year 

9 2000.3& Table B.5 provides data for hydro generation at 

10 Churchill Falls and other receipts of electricity from non-HQ 

11 generation. l7 

12 

13 As Table B.3 indicates>, . the amount of winter storage required 

14 for seasonal variation increases over time as energy 

15 requirements increase. The effect of the growth in energy 

16 requirements is somewhat reduced by the growth in normal run-

17 off, but this effect is less significant than the increase in 

18 
19 
20 

21 
22 
23 

24 
25 
26 
27 
28 

35rn particular, the effect of the new aluminum smelter 
contracts and the buyback of the dual energy contracts for 1990 are 
included. 

~he Central Maine Power Contract was included in this goal. 
This contract has now been cancelled, and this cancellation is 
incorporated in HQ's 19/1/90 Update. 

~Data for Churchill Falls is included. in the HQ Development 
Plan; however, it is reported under the category of electricity 
}:"eceived, which includes all purchases and other receipts of 
electricity from non-HQ generation. Table B.5 splits out Churchill 
Falls and the other major components of electricity received. 
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1 energy requirements. S In 1990, the storage capacity required 

2 to compensate for seasonal variation is 41.6 TWh at the 

3 beginning of winter. S By 1997, required storage capacity at 

4 the beginning of winter increases to 61.0 TWh. 

5 

6 Conversely, the amount of summer storage required for seasonal 

7 variation decreases until 1993 and then increases. The 

8 decrease over the next several years reflects the fact that 

9 energy requirements will increase substantially, but normal run-

10 off will increase by a very small amount. After 1993, run-off 

and energy requirements increase by similar amounts. As a 

12 result, summer storage requirements increase by a small amount. 

13 The pattern of energy "capability" and requirements for the HQ 

14 19/1/90 Update, as well as for the 1985-1989 historical period, 

"15 is illustrated by Figure B.4.A. Energy "capability" refers to 

16 3kormal run-off is forecast to increase as HQ adds additional 
17 hydro facilities. An increase in run-off reduces the need for 
18 seasonal storage because it permits more of winter energy 
19 requirements to be satisfied by current run-off rather than use of 
20 stored water. . 
21 The relative effect of increases in run-off and energy 
22 requirements on winter seasonal storage requirements is illustrated 
23 by considering how the HQ System would operate if it had no hydro 
24 storage capacity. The existing level of run-off (during the winter) 
25 would be adequate to serve less than half of the winter component 
26 of annual energy requirements. 

27 ~The seasonal pattern of run-off and energy requirements on 
28 the HQ System does not correspond with the calendar year. Thus, 
29 in most of our analysis, we have utilized a "water year" that 
30 begins on November 1. As noted in Table B.3, November 1 data for 
31'ach yJ'!ar reported are for November of the preceding calendar year. 
32 In the text of our testimony, data are reported on a calendar year 
33 basis unless otherwise noted. 
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1 the amount of energy that the HQ System can produce; in Figure 

2 B.4.A, capability is based on actual run-off for historical 

3 periods and normal run-off conditions in all future years. 

4 Capability includes non-hydro generation and purchases, and it 

5 is these non-hydro sources that result in the unusually high 

6 energy capability for 1990. 

7 

8 Q: How much of HQ I S total reservoir capacity is required for 

9 seasonal storage? 

10 

11 A: The HQ System currently has about 141 TWh of reservoir storage 

12 capacity. Seasonal storage requirements in the 1990-2020 period 

13 will require about 30%-50% of current HQ reservoir storage 

14 capacity. Total HQ storage capacity will also increase as new 

15 hydro facilities are added. Thus, HQ appears to have more than 

16 adequate seasonal storage capacity for the period of the VJO and 

17 NYPA Contracts. 

18 

19 Q: What determines the reservoir storage levels that are required 

to mitigate the effects of seasonal variation? 20 

21 

22 A: 

23 

24 

25 

26 

HQ must enter the winter period with SUfficient water in storage 

to supply the entire difference between winter energy 

requirements and winter run-off. As the winter progresses, 

diminishing levels of water reserves are required to cover the 

remaining period until the spring surge in run-off (and decrease 
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1 in customer requirements). Thus, at any given time, there is 

2 a minimum reservoir level that is required to cover seasonal 

3 variation. For any given reservoir, the minimum level of 

4 reserves that is prudently required for seasonal variation (and 

5 any other factors) is known as the critical level. 

6 

7 Based on the data in Table B.3, Figure B.3 graphs the critical 

8 level of reserves for the HQ System for November 1, January 1, 

9 and March 1 of each year. These levels may be somewhat 

10 understated. We have assumed that reservoir levels can fall to 

11 zero by the end of winter, but minimum reservoir levels must 

12 actually be somewhat higher.~ HQ has estimated that between 5 

13 ~ For any given reservoir, there are physical and operational 
14 limitations that determine the minimum level that can be utilized 
15 for electric generation. The first limitation is the level of 
16 penstock intakes; if the reservoir drops below that level, water 
17 can not be sent to the turbines without the use of special methods 
18 such as pumps or siphons. 
19 The second limitation relates to the operational problems that 
20 can result when the reservoir level is not sufficiently above that 
21 of the penstock intakes. Vortexes and air entrainment can result 
22 in problems such as cavitation of the turbines. The efficiency and 
23 maximum power output of hydroelectric turbines also decrease as 
24 the reservoir level drops, since the elevation of the reservoir 
25 level above the penstock intake is part of the head. Thus, as 
26 reservoir levels drop, a higher volume of water is required per kwh 
27 generated and tubines may not capable of producing full output. 
28 HQ has noted that, due to these problems, portions of its hydro 
29 reserves can be unusable. HQ (1986) and Cauchon ~ al. (1989). 
30 Other limitations can also be imposed by environmental and other 
31 considerations. 
32 In terms of the reliability of supply, it is important that 
33 reservoir levels remain high enough so that SUfficient capacity can 
34 be operated in order to meet peak demand. Given the uncertainties 
3~elat}ng to run-off and customer requirements, it is prudent to 
36 maintain a "margin of maneuver" to avoid the possibilities that 
37 reservoir levels will reach critical level. 
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1 and 10 TWh of reserves are required for operational constraints 

2 other than seasonal variation. (HQ, 1985b) 

3 

4 Q: Have you analyzed whether HQ will have enough water in its 

5 reservoirs to compensate for seasonal variation? 

6 

7 A: This is a more difficult question to answer than whether HQ will 

8 have sufficient storage capacity. HQ's 19/1/90 Update, as well 

9 as the 1989 Development Plan, provide information on changes in 

10 level of hydro reserves, but it does not indicate the total 

11 level of reserves. Furthermore, data in these sources are 

12 presented on a calendar basis, which does not coincide with the 

13 period that is most convenient for analysis of the hydro system. 

14 

15 Fortunately, HQ has provided some estimates of reservoir levels 

16 in response to discovery requests in this proceeding and Vermont 

17 Public Service Board (RPSBR) Docket 5330 (the state regulatory 

18 review of the VJO contract).~ Table B.6 presents our data on 

19 HQ System levels for the 1985-2020 period. Table B.6 is based 

20 on historical data through 1989 and the 19/1/90 Update 

21 assumptions (which are summarized in our Tables B.4 and B.5) for 

22 1990 and after. Figure B.4.B illustrates the November 1 level 

23 of reserves, as well as the critical level required for seasonal 

24 variation. Figure B.4.C graphs the May 1 level of reserves, 

25 Ccauchon et ~ (1989) also provides some data on reservoir 
26 levels. 
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1 which is equivalent to the hydro system margin of maneuver, 

2 since this is the period when HQ reservoirs are emptiest. C 

3 

4 As Table B.6 and Figures B.4.B and B.4.C indicate, reservoir 

5 levels have decreased during the last few years during a period 

6 when run-off has been below normal. The 19/1/90 Update assumes 

7 that run-off in 1990 and all future years would be normal. As 

8 the Tables B.4 and B.6 and Figures B.4.B and B.4.C indicate, 

9 substantial reservoir refilling is projected to occur during the 

10 1990-1992 period. After 1992, run-off and generation 

11 requirements are in rough balance (with some year-by-year 

12 variation). On this basis, reservoir levels would be expected 

13 to remain relatively constant: however, HQ's estimates (as 

14 reflected in Table B.6) indicate some substantial increases in 

15 reservoir levels during the 1994-1995 period. 

16 

17 The available information does not permit us to reach a 

18 definitive conclusion as to the source of these increases, but 

19 it appears to be related to the commissioning of LaGrande Phase 

20 II hydro projects. HQ has indicated that commissioning of new 

21 power plants will enhance the energy value of water stored in 

22 upstream reservoirs. Thus, even if the physical volume of water 

23 remains unchanged, it may have a higher energy equivalent value. 

24"9 ~t should be noted that the May 1 reservoir level shown 
25 (Figure B.4.C) is equal to the difference between the November 1 
26 actual level and critical level (Figure B.4.B). 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Q: 

A: 

The increases in energy value of reservoir stocks during the 

1994-1995 period appear to be specifically related to the 

commissioning of LaForge l.~ 

Based on your analysis of HQ reservoir levels, does it appear 

that HQ has sufficient hydro reserves to compensate for seasonal 

variation? 

The data in Table B.6 indicate that HQ has sufficient hydro 

reserves to compensate for seasonal variation. However, in the 

short-term, HQ hydro reserves are substantially depleted .... 

Furthermore, we have not been able to determine how much of HQ 

hydro reserves can actually be utilized. 45 Thus, it is difficult 

to be definitive about the adequacy of HQ reserves. Furthermore 

analysis of the adequacy of H-Q reserves must also consider H

Q's ability to compensate for multi-annual variation. 

18 Q: Could you discuss the factors that determine HQ's ability to 

19 
20 
21 
22 
23 

24 
25 
26 

27 
28 
29 
30 

~Q's reservoir level estimates show an increase in energy 
stored in reservoirs during the 1995-1996 period for a scenario 
without the VJO and NYPA Contracts; without the VJO and NYPA 
Contracts, HQ has indicated that LaForge 1 would be deferred from 
1994 to 1996. 

4tchurchill Falls, in particular, had such a low level of 
reserves that its operation was to be reduced in 1989 to permit 
some refilling of its reservoir. 

EAS noted previously, some portion of hydro reserves may be 
difficult or impossible to utilize due to various operational and 
technical factors. Also, it may not be practical or prudent to 
operate the hydro system without a certain level of reserves. 
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1 compensate for multi-annual variation? 

2 

3 A: As is the case for seasonal variation, HQ's ability to 

4 compensate for multi-annual variation is dependent upon the 

5 amount of reservoir storage capacity available and the amount 

6 of water actually stored in the reservoirs. The amount of 
-

7 storage required to compensate for multi-annual variation is a 

8 function of the magnitude of total run-off and the variability 

9 of that run-off. 

10 

11 Q: Could you discuss the magnitude of hydro run-off on the HQ 

12 system? 

13 

14 A: In 1989, normal run-off at HQ-owned dams was about 135 TWh. 

-15 Total run-off at Churchill Falls was about 36 TWh, but this must 

16 be adjusted, since HQ does not receive the entire output of this 

17 facility. We have assumed that HQ will receive 32 TWh of annual 

18 output from Churchill Falls, based on normal run-off. Thus, 

19 total normal run-off on the HQ system is about 168 TWh. As 

20 shown in Table B.4, by 1998, normal run-off is projected to 

21 increase by about 20 TWh. Between 1998 and 2020, run-off would 

22 increase by another 34 TWh, to a total of 220 TWh. This 

23 increase is due to the addition of new hydro facilities, as well 

24 as increases in effective output of existing facilities due to 

25 increased efficiency and capacity. Thus, total normal run-off -.. 
26 on the HQ System will be about 191 TWh. Of course, the actual 
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1 run-off in any qiven year can be qreater than or less than 

2 normal. 

3 

4 Q: Could you discuss the variability of hydro run-off on the HQ 

5 System? 

6 

7 A: The analysis of the variability of weather and hydro run-off, 

8 and its effect on hydro system planninq and operation, is a very 

9 complex topic. We will provide a very limited discussion of the 

10 issue here. The HQ data that we have examined indicate that 

11 the maximum sinqle-year variation in run-off experienced since 

12 1935 is more than 20t of total normal run-off. This is 

13 equivalent to around 36 TWh based on the current level of normal 

14 run-off. The maximum variability over lonqer periods is lower 

15 on a percentaqe basis, but hiqher in terms of absolute 

16 magnitude. For planning, HQ has adopted a criteria which is 

17 based on the driest fOUr-year period experience 46. This 

18 criteria translates into an accumulated deficit of approximately 

19 100 TWh for the current hydro system. This reduction in annual 

20 run-off is equivalent to approximately 15t over four years or 

21 12t over five years. 

22 

23 46 "Any evaluations of maximum variation must be considered 
24 in the context of the amount of time-series data available. For 

.... 25 the HQ hydro system, forty-five years of comprehensive run-off data 
26 is available. By contrast, over 100 years of run-off data are 
27 available for the Pacific Northwest. 

- 32 -

I 



1 Q: Is there a term that is commonly used to refer to the driest 

2 period that is assumed for hydro system planning? 

3 

4 A: Yes. This period (or. more precisely its run-off levels) is 

5 commonly referred to as critical water. 

6 

7 Q: Does HQ have enough reservoir storage to compensate for multi-

8 annual variation of the magnitude of its critical water 

9 criteria? 

10 

11 A: HQ currently has about 141 TWh of storage capacity. Almost 50 

12 TWh of this storage is required for winter seasonal variation. 

13 Thus, HQ has capacity .,tp compensate for most, but not all, 

14 multi-annual variation. Over time, the requirements for 

~5 seasonal storage will increase, but storage capacity wi11 also 

16 be added based on HQ's plans to add new hydro facilities. The 

17 amount of variation between normal run-off and critical water 

18 wi11 a1so increase (in absolute terms) as the amount of run-off 

19 increases. Thus, it appears that HQ will continue to have 

20 storage capacity to compensate for most, but not all multi-

21 annual variation. However, it should be noted that it does not 

22 appear to be practical for HQ to fill its reservoirs to 100% of 

23 capacity, so avai1able storage capacity is somewhat less than 

24 indicated by total capacity. 

25 --26 
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1 Q: 

2 

3 

4 A: 

5 

6 

7 

8 

9 

10 

11 

12 

What are the practical constraints that prevent HQ from filling 

its reservoirs to loot of capacity? 

We have not been able to evaluate this issue in any detail. We 

will note that HQ has stated that there are restrictions on 

reservoir levels at certain of its facilities, as well as flood 

and dam 'safety issues. We are also aware that it is not 

possible to operate a hydro system with loot efficiency; for 

example, water may sometimes be spilled at one time or one 

facility when there is available storage capacity at another 

time or another facility. 

13 Q: Do you have any estimate of the effective amount of storage 

14 capacity on the HQ System? 

15 

16 A: To evaluate this issue, we reviewed reservoir level data for the 

17 1984-85 period. It appears that the maximum effective capacity 

18 is on the order of 89-93t~ 

19 

20 Q: Does HQ have sufficient water in storage to compensate for 

21 mUlti-annual variation? 

22 

23 A: This is a crucial question for evaluating the future operation 

24 ~In the early 1980s, HQ was spilling large amounts of water 
,. 25 pue to an excess of run-off relative to energy sales, so maximum 

26 reservoir levels in that period are probably an indication of 
27 maximum effective capacity. 
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1 and reliability of the HQ system. Based on the data in Table 

2 B-6, HQ reservoir levels were definitely at a low enough level 

3 to warrant very substantial concern in the 1988-1990 period.-

4 In this period, critical water conditions could rapidly deplete 

S the entirety of hydro reserves.- After 1990, HQ would be less 

6 exposed to short-term drought conditions, but the drawdown that 

7 would result from a longer period of critical water would still 

8 substantially exceed the total amount of hydro reserves. 

9 As Table B-6 indicates, the depletion of reservoir levels during 

10 1989 has placed HQ in a position where below average run-off 

11 could necessitate large amounts of thermal generation and 

12 purchases!D to satisfy customer requirements. Through the 

13 1990s,SHQ reservoir levels will average about one-half of the 

14 four-year critical water criteria. It is important to note that 

~S the reservoir levels assumed by HQ in its 19/1/90 update are 

16 substantially less than that which it has planned for in the 

17 past. 

18 ~t should be noted that the single most convenient measure 
19 of HQ margin of maneuver is the reservoir level data for May, since 
20 reservoir levels will be at their lowest at that time. However, 
21 it should also be noted that using May reservoir levels for margin 
22 of maneuver will tend to overstate the actual margin available, 
23 since it is not practical to drain reservoirs to the zero level of 
24 reserves. 

2S ~This depletion could be mitigated by the use of strategies 
26 such as increased thermal generation and purchases. 

27 ~HQ could also potentially pursue other strategies such as 
28 demand reduction. --29 %ur available data end in 1998. It is possible that HQ could 
30 begin to refill its reservoirs after that time. 
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1 Q: Can you compare the assumptions about reservoir refilling in 

HQ's 19/1/90 Update and those of previous HQ plans? 2 

3 

4 A: 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Table B.7 presents supply and demand data from the 1989 HQ 

Development Plan, and Figure B.5.A presents this information 

graphically. Table B.8 provides detail on electricity receipts. 

Table B.9 summarizes the changes between the 1989 Development 

Plan and HQ's 19/1/90 Update. These changes fall into three 

groups. First, actual run-off in 1989 was much lower than 

expected. As a result, in 1989 and 1990, HQ has dramatically 

increased its use of fossil-based sources. second, in the 

period 1991-2000, HQ forecasted demand has increased due to 

effect of the new aluJll>inum smelter contracts. The net increase 

in demand is somewhat mitigated by the cancellation of the CMP 

export contract. After 2001, demand is lower in the 19/1/90 

update, owing to the lower level of exports assumed. Third, 

hydro run-off is somewhat higher during the mid-1990s due to 

advancements in hydro projects announced since the Development 

Plan. starting in 1998, the 19/1/90 update assumes a lower 

level of run-off than the Development Plan: this is due to the 

smaller amount of hydro project advancements to serve export 

loads. 

The overall effect of the Changes between the Development Plan 

and the 19/1/90 is to substantially reduce reservoir levels. 

The low run-off in 1989 reduced reservoir levels by 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Q: 

approximately 25 TWh (relative to the forecast level). HQ is 

projecting the use of 12 TWh of fossil sources (including buy

back of dual fuel contracts) during 1990 as part of its program 

to refill the reservoirs. However, the 19/1/90 Update assumes 

no use of fossil sources after 1990. Thus reservoir levels, 

which at the- end of 1990 are approximately 13 TWh less than 

expected based on the Development Plan, remain lower than 

expected. As the bottom line in Table B.9 demonstrates, the 

cumulative effect of the changes between the Development Plan 

and the 19/1/90 Update is to result in lower reservoir levels 

during every year of the VJO and NYPA contracts. 

DO you have any other information on the amount of reservoir 

refilling that HQ has planned for in the past? 

16 A: Yes. Table B.10 compares the amount of reservoir refilling 

17 planned for in the 1986 through 1989 Development Plans and that 

18 in the 19/1/90 Update. As the table indicates, each of the HQ 

19 Development Plans assumed over 20 TWh of refilling at HQ-owned 

20 reservoirs, relative to the level at the beginning of 1986. The 

21 19/1/90 Update plans on only 13 TWh of refilling. 

22 

23 Q: What is your conclusion concerning the adequacy of the reservoir 

24 levels planned for in HQ's 19/1/90 Update? 

25 
-.. 

26 A: Based on the available information, it appears that the 19/1/90 
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1 Update is assuming a level of reservoirs that is below that 

2 which HQ has planned for in the past. It is unclear whether HQ 

3 has decided it is acceptable to operate its system with lower 

4 reserves (and apparently lower reliability), or whether HQ 

5 actually plans to pursue additional measures to increase 

6 reservoir levels. This issue will also affect the evaluation 

7 of the power supply sources that are likely to b6 utilized to 

8 serve the VJO and NYPA contracts. If HQ decides that the 

9 reservoir levels implied by the 19/1/90 Update are inadequate, 

10 the additional measures required are likely to involve expanded 

11 use of fossil sources. On the other hand, if HQ continues to 

12 operate its system with lower reservoir levels, it is more 

13 likely to require the use of fossil sources in any situation 

14 that results in decreasing reservoir levels. This issue is 

15 further discussed in section 3 of this Appendix. 

16 

17 Q: What effect will the VJO and NYPA contracts have on reservoir 

18 levels? 

19 

20 A: To analyze this issue, we have computed the effect of the 

21 Contracts in terms of increasing energy requirements and hydro 

22 run-off (due to advancement of hydro projects). Table B.ll and 

23 Figure B.6 present this data. As can be seen, energy 

24 requirements for the Contracts exceed the effect of hydro 

25 

26 

advancements in almost all years except for a period around the 

turn of the century when the advancement of Grand Baleine adds 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Q: 

A: 

substantial amounts of energy to serve the Contracts. 

Table B.12 and B.13 and Figure B.7.A present HQ supply and 

demand data, as adjusted to remove the effects of the VJO and 

NYPA Contracts and their associated hydro advancements. Table 

B.14 and Figures B.7.B and B.7.C present data on November and 

May reservoir levels. The November data was supplied by HQ in 

response to a discovery request. The May data is based on the 

November data, as adjusted for required seasonal storage. 

Table B.14 and Figures B.7.B and B.7.C can be compared with 

Table B.6 and Figures B.4.B and B.4.C to show the effect of the 

VJO and NYPA Contracts on reservoir levels. The Contracts have 

the effect of reducing reservoir levels by up to 12 TWh.~ 

What does your analysis of HQ reservoir levels indicate about 

the future adequacy of HQ energy supply? 

The nature of hydro fuel supply poses serious problems for the 

reliability of supply on hydro-dominated systems. Water 

aVailability is limited, variable, and uncertain, so it is 

crucial that the hydro system be planned and operated to 

23 ~t should be noted that reservoir levels for 1995 and 1996 
24 are reported to be higher in the case with the Contracts. This is 
25 apparently due to the effect of the commissioning of new hydro 
2~roje~ts on the value of energy of water in upstream reservoirs. 
27 To the extent that hydro projects are being advanced, the exports 
28 have the effect of shifting this increase to an earlier time. 
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1 mitiqate the effects of the vaqaries of weather. In the past, 

2 these effects have been substantially less important for HQ than 

3 for other hydro systems. HQ had a hiqh marqin of maneuver. 

4 Enerqy production capability in averaqe run-off years exceeded 

5 firm requirements by a substantial marqin. Reservoir storaqe 

6 levels were hiqh, both as a percentaqe of storaqe capacity and 

7 as a percentaqe of annual requirements. Furthermore, run-off 

8 was above averaqe for eiqht years prior-to 1984. 

9 

10 HQ's marqin of maneuver has been seriously reduced, and it 

11 appears likely that it will remain at a lower level unless HQ 

12 modifies its stated plans in the 19/01/90 Update. Firm 

13 requirements are qrowinq more rapidly than expected, while 

14 qrowth in enerqy production capability is constrained. 

15 Reservoir storaqe levels have decreased, both as a percentaqe 

16 of storaqe capacity and as a percentaqe of annual requirements. 

17 HQ's major lonq-term strateqy for respondinq to this situation 

18 involves the use of fossil resources durinq 1990 and the 

19 construction of a number of new hydro facilities on an expedited 

20 basis. A variety of factors could lead to delay in these 

21 projects, and any delay would further reduce HQ's marqin of 

22 maneuver. 

23 

24 Q: Do you believe that HQ' s bulk power supply will be less reliable 

25 in the future? 

26 
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1 A: In the context of this proceeding, we have not been able to 

2 complete a comprehensive review of HQ power supply planning 

3 issues. However, we have identified some considerations. 

4 First, the reliability of HQ's bulk power supply is sensitive 

5 to the quality of HQ's power supply planning. Decision-making 

6 for a system like HQ is highly complex. Run-off is uncertain, 

7 as is demand. Owing to the importance of reservoir storage, 

8 supply and demand in any given year can have an effect on other 

9 years. S 

10 

11 Second, HQ's specific situation is compounding the inherent 

12 complexity of hydro-system decision-making. HQ's margin of 

13 maneuver has been reduced, which complicates both short-term and 

14 long-term decisions. The nature of HQ's load has changed as 

15 more interruptible, dual energy, and large industrial load has 

16 been added. As a result, the planning process to match supply 

17 and demand on an hourly basis has become more difficult. See 

18 Development Plan at 63. 

19 

20 Q: HOW has HQ responded to this changing environment? 

21 

22 A: HQ has acknowledged that it must improve its ability to plan 

23 ~or example, a decision to sell surplus energy this year can 
24 result in lower reservoir levels, which requires running oil-fired 
2~eneration in a future year. In contrast, decisions on thermal-
26 dominated systems tend to have an impact that is more temporally 
27 localized. 
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1 and operate its hydro system. Development Plan at 62-63 and 

2 136. Reservoir management is to be revised to take into account 

3 dam safety, the risk of floods, and hydraulic constraints. 

4 capacity and energy reserve criteria are also to be revised, as 

5 is forecasting of run-off, demand, and power plant availability. 

6 HQ notes that efforts to optimize the management of reservoirs 

7 could make it necessary to run oil-fired generation and purchase 

8 back-up from neighboring utilities in periods of low run-off. 

9 

10 Q: Do you have specific concerns about the quality of HQ's power 

supply planning? 11 

12 

13 A: 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Reviewing HQ power supply planning, it has become apparent that 

HQ did not respond in a timely fashion to the evolution of its 

supply situation during the last five years. It has gone from 

a position of tremendous energy surplus, when it was spilling 

substantial amounts of water due to lack of energy markets, to 

a position of very high load growth and rapidly declining 

reservoir levels. The transition from a period of above normal 

to a period of below-normal run-off has certainly played a role 

in the decline in reservoir levels. However, it is equally 

important to examine the effect of the very aggressive 

promotional policies that HQ has pursued in both domestic and 

export markets. HQ continued these promotions and substantial 

sales of surplus electricity even after several years of low 

run-off. Second, HQ load forecasting does not appear to be 
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1 adequate. Over the last several years, load forecasts have been 

2 increasinq, and the 1990 forecast may be yet hiqher. HQ is in 

3 the process of makinq decisions about tens of billions of 

4 dollars of new capacity additions. It is also enterinq a period 

5 of substantially reduced marqin of maneuver. In this context, 

6 it is surprisinq that the published documentation of the HQ 

7 forecast indicates a relatively low level of sophistication. 

8 Furthermore, the qual ity of HQ' s forecastinq may adversely 

9 affect HQ's ability to estimate the contribution of demand-side 

10 measures. 

11 

12 A third area of our concern relates to HQ's limited 

13 consideration of s~qnificant proqrams to increase enerqy 

14 efficiency and reduce load qrowth. This is particularly 

15 suprisinq qiven the rapid load qrowth and declininq reserve 

16 levels that HQ has experienced. As demonstrated in Appendix A, 

17 the potential of demand-side measures in Quebec is very larqe. 

18 Development of this potential could play a major role in 

19 mitiqatinq HQ's tiqht supply situation durinq the 1990S, as well 

20 as reducinq the need for construction of new hydro facilities. 

21 

22 Q: Do you have any other comments on the relationship between 

23 exports and H-Q system reliability? 

24 

25 A: Yes. In the past, HQ's export contracts have been larqely 

--26 surplus enerqy sales. More recently, HQ has bequn to offer firm 
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1 contracts, but these "firm" contracts do not generally require 

2 as high a level of performance as the VJO and NYPA contracts.~ 

3 

4 While HQ's new contracts require a higher level of reliability 

5 than those in the past, HQ's power supply situation has evolved 

6 in ways that will make this reliability harder to provide. 

7 

8 

9 2.4 Adequacy of capacity 

10 

11 Q: Will the VJO and NYPA contracts affect the adequacy of HQ's 

12 supply of capacity? 

13 

14 A: Our analysis has focused on the effect of the contracts on the 

15 adequacy of HQ' s supply of energy (MWh), as opposed to its 

16 supply of capacity (MW). OVer the long term, it appears that 

17 energy requirements, rather than capacity requirements, will 

18 have the most significant effect on HQ supply planning. 

19 However, the effect of the contracts on HQ capacity requirements 

20 is not insignificant. OVer the next decade, the peak load of 

21 the contracts will increase, reaching 1450 MW by the end of the 

22 ~or example, several existing contracts (including two with 
23 vermont) include provision for up to 400 hours of interruption. 
24 The NEPOOL Contract which runs from 1990 to 2000 provides firm 

.... 25 limergy but not capacity. By comparison, the VJO and NYPA Contracts 
26 require uninterrupted availability of power, and a high load 
27 factor. 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Q: 

A: 

year 2000. See Tables 2.1 and 2.7.~ Combined peak load of the 

Contracts will remain at 1450 MW until late 2012. OVer the next 

eight years, peak load will decrease as the Contracts terminate. 

The total effect of the Contracts on capacity requirements will 

actually be somewhat greater, since HQ must maintain reserve 

capacity in addition to peak load. In its 19/1/90 revision of 

6(2)W, HQ indicates that it is planning on required reserves of 

approximately 10% • Thus, during the 2000-2012 period, the 

Contracts require approximately 1600 MW of capacity. 

will HQ have sufficient capacity to meet the requirements of the 

VJO and NYPA Contracts? 

within the context of our testimony in this proceeding, we have 

been unable to perform a comprehensive study of this matter. 

However, our limited review of this matter has raised certain 

concerns. First, since the filing of the Development Plan and 

HQ's original submission in this case, HQ has increased its 

forecast of peak load customer requirements. A comparison of 

the original and 19/1/90 versions of 6(2)w shows that energy 

requirements have increased by 1-2% in the period through the 

23 ~hese tables are located in Appendix 0 of our testimony. 
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1 year 2000, while peak load has increased by as much as 6%.~ 

2 Thus, the recent increase in HQ's demand forecast may have a 

3 greater effect on HQ's adequacy of capacity than on HQ's 

4 adequacy of energy. 

5 

6 Second, while reservoir storage may allow HQ to supply increased 

7 energy reqUirements in one year with increased energy supply in 

8 another year, HQ must have adequate capacity to meet load at all 

9 times. For example, a hydro project coming on-line in 1994 can 

10 not be used to meet peak demand requirements in 1992. As a 

11 result, the lumpiness of supply additions may introduce problems 

12 in terms of adequacy of energy. Reservoir storage may be used 

13 to mitigate the effe9t.,OP energy supply of adding large hydro 

14 projects, but it can not be us~d to even out capacity 

15 requirements. 

16 

17 Third, low reservoir levels can significantly affect the ability 

18 of a hydro system to produce sufficient output for peak loads. 

19 As noted earlier, the electrical output of hydro turbines 

20 decreases as reservoir levels drop. HQ has indicated that low 

21 reservoir levels in the 1989-90 period reduce the peak output 

22 ~or all years (except 1990, when the dual-fuel contracts are 
23 being bought back), HQ's Updated forecast of Quebec requirements 
24 is higher than that embodied in the 1989 Development Plan and HQ's 
25 original version of 6(2)W. However, the original version of 6(2)w 
26 is based on the full export program with 3500 MW of sales after 

,. 27 2000, while the 12/1/90 version of 6(2)w includes only the VJO and 
28 NYPA Contracts. Thus, after 2000, total energy and peak loads are 
29 lower in the 19/1/90 version. 
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1 of its hydro system by 300-400 MW. In a period of tight supply, 

2 a reduction of several hundred MWs in available capacity can 

3 significantly hamper HQ's ability to meet peak load. W To the 

4 extent that the VJO and NYPA Contracts reduce reservoir levels 

5 (from what they would have been without the Contracts), these 

6 Contracts will adversely affect HQ'S ability to meet peak load 

7 requirements. 

8 

9 Fourth, in HQ's 19/1/90 version of 6(2)W, available capacity in 

10 many years only barely exceeds requirements. S In fact, during 

11 the 1991-1993 period, HQ is relying on up to 630 MW of "mesures 

12 additionnelles" to prevent a capacity deficit. The Testimony 

13 of Gilbert Neveu also refers to additional measures that will 

14 be used to meet peak load requirements, but HQ does not appear 

15 to specify what these measures will be. Thus, it is not 

16 possible for us to assess their adequacy. 

17 

18 WThe effect of low reservoir levels on the adequacy of energy 
19 supply appears to be less substantial, but still signficant. HQ 
20 has indicated that the effect on annual energy output during 1990 
21 is 1.3 TWh, or less than 1% of annual production. This amount of 
22 decrease in annual output will result in lower reservoir levels or 
23 increased use of other generation, purchases, or demand reduction. 
24 However, in contrast to peak load requirements, HQ will probably 
25 have more flexibility in its options for how (and when) it chooses 
26 to compensate for reduced energy output due to low reservoir 
27 levels. 

28 SIn terms of adequacy of capacity, January is the most 
2~impo~ant time period. HQ customer requirements peak in January, 
30 and almost all risk of insufficient capacity occurs during this 
31 month. (HQ, 1985b) 
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Q: 

A: 

2.5 Adequacy and security of Transmission 

Have you assessed the VJO and NYPA Contracts in terms of their 

effect on the adequacy and security of transmission? 

within the context of our testimony in this proceeding, we have 

been unable to perform a comprehensive study of this matter. 

The analySis of transmission systems is highly complex: the 

material provided by HQ in this proceeding does not appear to 

be sufficiently detailed to permit a full review of the relevant 

issues. In any event, we will restrict our specific remarks to 

the transmission facilities related to the VJO Contract. 

14 Q: What comments do you have on the adequacy and security of 

15 transmission for the VJO Contract? 

16 

17 A: As indicated by HQ's 6(2)f information, the transmission plan 

18 for the VJO Contract has not been finalized. Use of the 

19 Highgate Interconnection is anticipated, as well as other 

20 facilities. Needless to say, it is somewhat difficult to reach 

21 definitive conclusions about a plan that has not been finalized. 

22 

23 Transmission issues relating to the VJO Contract have been 

24 considered in some detail in vermont PSB Docket 5330. In that 

25 proceeding, a variety of testimony and other information 

26 concerning transmission issues has been submitted by the vermont 
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1 Joint Owners and the Vermont Department of Public Service. Our 

2 Supplemental Testimony dated January 18, 1990 also considered 

3 these issues. 

4 

5 The principal conclusion concerning transmission that emerges 

6 from the material in Vermont PSS Docket 5330 is that 

7 transmission for the full amount of the VJO Contract is not 

8 assured. The transmission plan for the portion of the VJO 

9 Contract that is non-cancellable (340 MW at peak), is relatively 

10 finalized. However, transmission for the cancellable portions 

11 of the VJO Contract (110 MW at peak) is still uncertain. 

12 

13 Q: How might these uncertainties concerning transmission affect HQ? 

14 

J5 A: First, for planning purposes, the Vermont Joint Owners are 

16 assuming that loadings on the NEPOOL Interconnection (Des 

17 Cantons-Comerford) will be restricted due to reliability 

18 considerations. Second, some of the options that have been 

19 considered by the Vermont Joint owners would require upgrading 

20 of the HQ transmission system. Thus, it is possible that the 

21 transmission plan for the VJO contract will involve some 

22 modification to existing transmission facilities in Quebec. 

23 Third, if an acceptable transmission plan can not be devised for 

24 the entire amount of the VJO Contract, the Vermont Joint Owners 

25 may exercise all or a portion of their options to reduce 

2?- deliveries under the VJO Contract. 
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1 3.S0URCBS OP POWBR SUPPLY POR THB VJO AND CONTRACTS 

2 

3 

4 Q: Is HQ'S system-wide mix of supply sources representative of the 

5 sources that will be used for the VJO and NYPA Contracts? 

6 

7 A: Not necessarily. The VJO and NYPA Contracts are sales of system 

8 power. }3ut at any given time, most of the HQ power supply will 

9 be composed of generation whose construction and operation will 

10 be unchanged by the VJO and NYPA Contracts. This unchanged 

11 generation does not create the effects that are attributable to 

12 the VJO and NYPA Contracts. !II The effects from the VJO and NYPA 

13 Contracts are produced by HQ's marainal source of supply that 

14 will be used to provide the contracted amounts of capacity and 

15 energy throughout the period of the contract. HQ'S marginal 

16 source of supply mayor may not be similar to HQ's system-wide 

17 mix (averaae source of supply). 

18 

19 Q: Could you define what you mean by HQ's marginal source of 

20 supply? 

21 

22 A: At any given time, the marginal source of supply is whatever 

23 supply resource (e.a., generation, power purchase, action to 

__ 24. ~ssessments of the effects of this other generation may 
25 provide some Useful background information on likely effects of the 
26 additional power supply required by the Contracts. 
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10 

11 

12 

13 

14 

15 

16 

17 

18 Q: 

19 

20 

21 

22 A: 

23 

24 

25 --

reduce demand) that would be added to the system to meet an 

increase in demand. A marginal increment in demand (especially 

of the magnitude of the VJO and NYPA contracts) may require the 

simultaneous addition of multiple resources. The marginal 

supply resource may (and probably will) vary over time. 

The objective of our analysis in section 3 is to determine which 

supply resources would actually be utilized by HQ in expanding 

power supply to serve the VJO and NYPA Contracts. The VJO and 

NYPA Contracts place no restrictions on how HQ will provide the 

contracted amounts of capacity and energy. Thus, we are 

attempting to determine the marginal supply resources that will 

be selected by HQts managers based on whatever criteria HQ is 

likely to use. In this section, our assessment of marginal 

supply resources does not attempt to provide our independent 

judgment as to the optimal or least-cost source of supply. 

In your determination of marginal supply resources for the VJO 

and NYPA Contracts, is it necessary to consider any special 

characteristics of the VJO and NYPA Contracts? 

For purposes of our analysis in this section, we will assume 

that any load associated with the VJO and NYPA Contracts is 

equivalent to an increase in HQts firm provincial load. This 

is consistent with the approach HQ has utilized in analyzing the 
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13 Q: 

14 

15 

16 A: 

17 

18 

19 

20 

21 

22 

VJO and NYPA contracts. m 

The VJO and NYPA Contracts does vary from most retail load in 

that its amount is prescheduled, albeit with some provisions 

for cancellation, rescheduling, and other modification of load 

levels. It is conceivable that HQ has large industrial 

customers with delivery voltage, loads, and scheduling 

provisions similar to those of the VJO and NYPA Contracts. In 

any event, for the reasons discussed in section 2, our analysis 

is largely concerned with how the annual energy requirements of 

the VJO and NYPA Contracts will be supplied. 

Could you discuss the distinction between short-run and long

run marginal supply and how it applies to electric utilities? 

The basic distinction is that in the short-run, the portfolio 

of supply sources is assumed to be fixed. In the long-run, it 

is assumed that additions to the portfolio of supply sources can 

be made. For some types of supply portfolios, the l~ad-time for 

additions is very short. For example, for the supply of food 

at home, short-run is until you can go shopping. 

23 «The load of the proposed contract is located, in effect, at 
24 delivery points along the Quebec-U.S. border and is served directly 
25 from high-voltage transmission. We have seen no information 
26 lndicating that location of load within Quebec has any substantial 
27 effect on HQ generation planning. 
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1 For electric utilities, the lead time for additions to the 

2 supply portfolio can be quite significant. Lead time also 

3 varies substantially for different types of supply. For gas 

4 turbines, it may be possible to add new generation in two years. 

5 For a large hydro project, the construction period alone may 

6 take over six years: preliminary design and obtaining regulatory 

7 approvals can add several more years. The lead time for nuclear 

8 power plants is also quite substantial. 

9 

10 Q: What definition of short-run and long-run marginal supply have 

11 you utilized in your analysis of the VJO and NYPA Contracts? 

12 

13 A: We have defined long"'l:un as the period when HQ can add 

significant new energy sources to serve the marginal load 

associated with the VJO and NYPA contracts. Short-run is the 

14 

-:-a5 

16 

17 

18 Q: 

19 

20 

21 A: 

22 

23 

24 

25 ..... 
26 

period prior to that. 

Could you elaborate on the definition of short-run and long-run 

marginal supply that you have utilized? 

In our analysis, we sought to determine what supply sources will 

be utilized for the VJO and NYPA Contracts. It is important to 

distinguiSh between the definition of short-run and long-run 

marginal supply that we have utilized and a definition based 

solely on whether the overall HQ supply portfolio is fixed. HQ 

is·a large system that is planning on adding substantial amounts 
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1 of new capacity and energy generating capability throughout the 

2 1990s and beyond. HQ will add substantial increments to hydro 

3 energy supply beginning in 1993. 

4 

5 However, until at least some time later in the 1990s, none of 

6 the increments of energy supply being added by HQ are marginal 

7 with resPect to the VJO and NYPA -contracts. In other words, 

8 this new supply is required for HQ load other than the VJO and 

9 NYPA contracts; it will be added on the same schedule whether 

10 the VJO and NYPA contracts is approved or not. We have defined 

11 long-run as the period when the power supply of the VJO and NYPA 

12 contracts will be based on addition of new sources of supply 

13 rather than expanded use of existing sources. In the long-run, 

14 HQ' s addition of new supply will be affected by the VJO and NYPA 

15 contracts; in the short-run, it will not be. Q 

16 

17 Q: What is HQ's plan for supplying energy requirements during the 

18 over the next thirty years? 

19 

20 A: HQ's most recent supply plan, based on the 19/1/90 Update, is 

21 ~s noted above, additions of new energy supply (such as large 
22 hydro projects) have substantial lead times. HQ's decisions about 
23 long-run additions to supply will be affected by the VJO and NYPA 
24 ·Contracts even in the period when the actual supply for the 
25 Contracts is based on HQ's short-run marginal sources. 
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1 summarized in Tables B.4 and B.5. Q Throughout the period, the 

2 HQ-owned hydro system was projected to supply the large majority 

3 of customer requirements. Purchases from Churchill Falls would 

4 supply most of the remainder. After 1990, HQ is also planned 

5 on about 5 TWh of thermal generation, virtually all of which is 

6 the Gentilly Nuclear station. S A small amount of purchases 

7 other than Churchill Falls (about 3'Twh) completed the list of 

8 expected supply sources. 6l Over the period until 1997, the 

9 expected supply sources would change relatively little. ,The 

10 supply related with the HQ hydro system would increase by about 

11 17 TWn as new facilities are added and existing facilities are 

12 refurbished. After 1997, another 35 TWh of supply at HQ hydro 

13 facilities would be added.~ 

14 

15 The information in Table B.4 includes information on the 

16 quantity of supply, but not on price. Detailed data on the cost 

17 ~t should be noted that the 19/1/90 Update was prepared for 
18 this proceeding. It is not certain how this Update should be 
19 regarded in terms of HQ supply planning. The Development Plan 
20 issued annually is HQ's "official" supply plan; the status afforded 
21 any other supply plan is uncertain. Table B.7 of this Appendix 
22 presents data from the most recent HQ Development Plan (from Table 
23 7.3 of the 1989 Plan). 

24 fBrn 1990, the amount of fossil generation' is higher due to use 
25 of the Tracy station as part of a program to refill the reservoirs. 

26 ~n 1990, 4.5 TWn of additional purchases are planned as part 
27 of a program to refill the reservoirs. 

28.., ~In the 1989 Development Plan (as reproduced in our Table 
29 B.7), ·about 40 TWh of hydro additions were planned·for the period 
30 1998-2020. 
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1 of existing and new HQ generation is not publicly available. 

2 Thus, it is not readily convenient for us to construct a supply 

3 curve for HQ.- However, we would expect that existing HQ hydro 

4 has very low variable costs, and that the Gentilly station is 

5 also relatively inexpensive to operate. The Churchill Falls 

6 contract is also quite low in price. New hydro projects have 

7 substantial capital cost, but we would expect that they will 

8 also have relatively low operatinq cost. Thus, the variable 

9 cost of almost all HQ generation is not highly siqnificant. The 

10 effect of reservoir storage is much more siqnificant. 

11 

12 For HQ in the short-term, the variable costs of most of its 

13 generation are very .low.,. so it is likely that HQ will respond 

14 to a decrease in enerqy requirements (relative to that expected) 

15 by attempting to find markets for the available enerqy. 

16 However, HQ also has the option of storing enerqy in the form 

17 ~e basic concept of the supply curve comes from economic 
18 theory. It expresses the relationship between the price of a 
19 commodity and the amount of supply that is available at each price. 
20 In general, as the price rises, the supply available will increase. 
21 Supply curves are a useful method for conceptualizing and 
22 expressing information about the cost and amount of supply sources 
23 available to electric utilities. Supply curves can be developed 
24 for specific sources and for total utility supply. The later type 
25 of supply curve is a useful way of summarizing the supply choices 
26 that will be utilized for a given level of load. 
27 The usefulness of supply curves for specific sources varies. For 
28 some supply sources, the relationship between cost and quantity is 
29 relatively unimportant. For example, with gas turbines, the cost 
30 per kw or kwh may be relatively constant across units. On the 

~ 31 other hand, the cost of end-use efficiency improvements tends to 
32 rise significantly as greater quantities are required. 
33 
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1 of water in its reservoirs. This water in storaqe can be used 

2 to make additional electric sales in the future, or reduce other 

3 qeneration requirements today or in the future. Thus, in a 

4 situation where supply exceeds requirements, the option of 

5 additional enerqy sales today must be compared with that of 

6 additional enerqy sales tomorrow, or reduced requirements for 

7 other supply tomorrow. This intertemporal co~ponent of hydro 

8 system decision-makinq adds a level of complexity that is not 

9 present in a thermal system. 

10 

11 Q: How will HQ's supply plan be affected by chanqes in levels of 

12 enerqy sales? 

13 

14 A: The Development Plan includes a brief discussion of how an 

~5 increase or decrease in enerqy requirements (relative to the 
r 

16 Tarqet Scenario) will affect its supply plan. See Development 

17 Plan at 93-94. In the lonq-term, hiqher than expected demand 

18 would result in the advancement of new base-load qeneratinq 

19 facilities. In the short term, hiqher than expected demand 

20 would not result in the advancement of new hydro projects. 

21 Durinq much of the 1990s, it is not possible to further advance 

22 major new additions to enerqy supply, since HQ is already 

23 planninq on brinqinq them on-line on their shortest possible 
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1 schedule. 67 To meet short-term increases in load, HQ states that 

2 it would use increased fossil generation at Tracy and 

3 modification of dual-energy programs, as well as increasing the 

4 contribution from cogeneration and private power production.-

5 

6 In both the short- and long-term, lower than expected demand 

7 would result in the deferral of new hydro projects. 

8 

9 Q: What does this imply about the marginal supply resource for the 

10 VJO and NYPA Contracts? 

11 

12 A: It implies that at least some portion of the power supply 

13 associated with the Contracts may be fossil based. HQ has 

14 testified that all of the energy associated with the Contracts 

15 will be supplied by advancement of hydro projects, but this 

16 assumption is questionable. In particular, as explored in 

17 section 2.3, HQ's assumption is based on maintaining a level of 

18 hydro reserves that are significantly below that which HQ has 

19 planned for in the past. In particular, it is unclear whether 

20 the advancement of LaForge 1 from 1996 to 1994 will actually 

21 be used to serve the export contracts. This advancement may 

22 ~In the Development Plan, the first major increment to energy 
23 supply that would be advanced to meet higher load is the Grande 
24 Baleine hydro project. It would be advanced from an in-service 
25 date of 1998-2000 to 1997-1998. 

~ 26. 6~Q also states that new demand management programs could be 
27 considered. 
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1 well be required even withouth the VJO and NYPA Contracts. 

2 without the export contracts, advancement of LaForge 1 could be 

3 used to increase HQ' s margin of maneuver and to increase 

4 reservoir levels. If we assume that LaForge 1 is not being used 

5 to serve the export contracts, then another 9 TWh of energy 

6 supply for the export contracts must be specified. No other 

7 hydro projects can be advanced prior to the late 1990s. Thus, 

8 it is likely that this 9 TWh would have to be derived from 

9 fossil sources. 

10 

11 Q: Could you summarize your conclusions about the short-run and 

12 long-run marginal supply resource for HQ? 

13 

14 A: In the short-run, the marginal supply resource will be fossil-

15 based. The specific sources will be some combination of HQ 

16 thermal, purchases from other utilities, and modified operation 

17 of HQ customers' dual energy heating systems. S These specific 

18 sources are described in some detail in section 5.2 of our 

19 testimony. 

20 

21 In the long-run, the marginal supply sources will be advancement 

22 of new hydro projects. Assuming continued load growth, each new 

23 lIbual energy customers can utilize either electricity or 
24 fossil fuel for heating (or industrial processes). HQ projects 
25~ubstantial use of electricity by these customers. HQ can reduce 
26 "its energy requirements by modifying the operation of these systems 
27 to SUbstitute increased fossil use for decreased electric use. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Q: 

project will only "supply" the VJO and NYPA contracts until it 

is required for other load. Thus, the VJO and NYPA Contracts 

will cause HQ to construct each new generation source earlier 

than would otherwise be necessary. 

r3ased on the demand and run-off assumptions in the 19/1/90 

Update, it is likely that about 9-12 TWh of the power supply 

associated with the VJO and NYPA Contracts will be fossil-based. 

OWing to the effect of reservoir storage, it is difficult to 

determine precisely when marginal supply is fossil-based. If 

export sales cause reservoir levels to be lower in 1992, the 

energy source for the sales is whatever energy source is used 

to raise the reservoir levels at a later time.~ Thus, at the 

time of the sales, it may not be possible to know what energy 

source will be utilized. As a rough approximation, based on the 

19/1/90 Update assumptions concerning load and run-off, it 

appears that HQ marginal supply will remain fossil-based until 

1995-1998. However, the actual amount of fossil use and the 

timing of that use will be affected by a variety of factors, 

such as actual level of demand. 

Could you elaborate on the factors that influence the amount and 

timing of requirements for fossil-based sources? 

24 XThe energy source for sales involving reservoir drawdown may 
~ 25 also be utilized in a time prior to the sales. Thus, if fossil 

26·generation is used to raise reservoir levels in 1991, it could be 
27 as a result of export sales that result in drawdown in 1992. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

A: 

Q: 

A: 

The actual amount and timinq of fossil requirements is sensitive 

to domestic load qrowth, level of exports, run-off, reservoir 

levels, and HQ's ability to add new hydro on the very compressed 

schedules it is assuminq. 

Could use of fossil-based resources associated with the VJO and 

NYPA Contracts exceed 12 TWh and continue beyond 1998? 

Fossil use could qreater and could occur after 1998 due to 

factors such as hiqher than expected load qrowth, delays in new 

hydro construction, lower than expected run-off, or low 

reservoir levels. None of these factors can be ruled out. In 

fact, they are interrelated and some combination of them may be 

1ike1y. 

HQ load qrowth has been acceleratinq over the last few years, 

and HQ has been revisinq its forecasts upward. The HQ 19/1/90 

Update of Quebec requirements is hiqher than the 1989 

Development Plan forecast. Load qrowth above that forecast can 

not be ruled out. 

All of the hydro projects that HQ is constructinq may not be 

completed on schedule. Durinq the 1990s, HQ is planninq on 

25 completinq most, and possibly all, of its major new hydro 

26" projects on compressed schedules, i.e., the fastest of the ranqe 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 
20 
21 

22 
23 
24 
25 
26 
27 
28 

29 
30 .... 31 
32 

of schedules defined by HQ. Meeting these schedules will 

require government approvals, ability to finance, ability to 

manage the project, and ability to perform the actual 

construction work on a tight schedule. These proj ects are 

vulnerable to delay, especially given the tight schedules and 

complex engineering. ll 

If run-off occurs at levels below that considered normal by HQ, 

expanded use of fossil-based resources becomes more likely. 

This issue has several components. First, the level of run-off 

assumed in the 1989 Development Plan, and in the 19/1/90 Update, 

appears to be somewhat greater than the long-term average. 72 

'Thus, the average amount of energy available from hydro projects 

may be less than assumed. Second, run-off levels vary over 

time. Furthermore, run-off may be becoming more variable. 

Thus, HQ may be increasingly vulnerable to severe drought 

periods. '73 

~or example, the Grande Baleine project is located north of 
the James Bay-La Grande project (at approximately 550 1attiude) in 
a zone with permafrost and unstable soils. Construction problems 
are a distinct possibility. 

~Q has historical run-off data for its hydro system for the 
period since 1943. The mean run-off for the period 1943-1988, 
normalized for the current HQ hydro system including Churchill 
Falls is approximately 2 TWh less than that assumed by HQ in the 
1989 Development Plan. Furthermore, it is uncertain whether the 
HQ run-off assumption fully takes into account losses in potential 
energy generation due to spilling. 

~The unusually severe droughts might be matched by unusually 
wet periods. However, the results of unusually dry and wet periods 
do not have symetrical outcomes for HQ. In particular, the benefit 
of very wet periods is limited because of the constraints on the 
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1 

2 The issue of reservoir levels is discussed at length in section 

3 2. To the extent that reservoir levels are lower due to export 

4 sales, HQ will have to respond to any situation that results in 

5 further decreases in reservoir levels with the use of fossil-

6 based resources sooner and in greater amounts than would 

7 otherwise be necessary. 

8 

9 Q: In the future, will HQ be able to avoid using fossil fuels? 

10 

11 A: HQ supply planning has traditionally avoided dependence on 

12 fossil fuels. In this context, it would seem surprising for 

13 fossil to be used i~~e,e~ing a substantial amount of HQ load. 

14 

15 However, this assumption should be placed in a broader context. 

16 Even if fossil accounted for only 2% of HQ's supply mix, all of 

17 the VJO contract could be fossil-based. It is not inconceivable 

18 that HQ, especially in a situation of constrained supply, might 

19 have to accept this level of fossil use, which is still very low 

20 amount of a) water HQ can store in its reservoirs, b) energy HQ can 
21 generate at its hydro turbines, c)" energy HQ can transmit, and d) 
22 energy HQ can sell. For example, in the wet period of the early 
23 1980s, HQ reservoirs were full and all power markets were 
24 saturated. As a result, HQ had to spill large amounts of water. 
25 The marginal value of run-off and electricity (at least at the bus-
26 bar) had dropped to zero. 
27 On the other hand, in a dry period, the costs to HQ are not 
28 constrained in the same manner. HQ must still meet customer 
29 .... equirements no matter how much run-off is below normal. The 
30 marginal value of run-off and electricity continues to increase as 
31 they grow scarcer. 
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1 relative to other utilities. 
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1 4. TBB EFPECT OP CONSERVATION ON THE NEED POR NEW HYDRO PROJECTS 

2 

3 Q: Do you have any comments on Hydro-Quebec's testimony that the 

hydro projects that would be advanced to serve the VJO and NYPA 

Contracts will eventually be required to meet Quebec 

requirements? 

4 

5 

6 

7 

8 A: 

9 

10 

11 

12 

13 

14 

15 

16 Q: 

17 

18 

Hydro-Quebec's position involves several assumptions that are 

uncertain. See section 5.4 (pages 63-66) in our testimony. In 

particular, HQ' s position apparently ignores the large potential 

for conservation to significantly reduce Quebec electrical 

requirements. Development of this potential could defer or 

eliminate the need for any new hydro capacity beyond that 

already committed. 

Have you completed any analysis of the effect of conservation 

on the requirements for new hydro projects? 

19 A: Appendix A of this testimony estimates 27 TWh of reasonably 

20 aChievable conservation in Quebec by the year 2001. At this 

21 time, we have completed some preliminary analysis of the effects 

22 of integrating large scale conservation programs into HQ's 

23 supply plan; subsequent to filing of this testimony, we plan to 

24 complete some additional analysis. 

25 

26~ A major conclusion of our analysis to date is that even modest 
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1 conservation programs can have a very large effect on the need 

2 for new hydro capacity, especially for scenarios without 

3 additional export contracts. For a scenario with no VJO, NYPA, 

4 or other new export contracts, HQ' s testimony indicates that no 

5 hydro projects beyond those already committed74 will be required 

6 until 1999. AS indicated in Table B.12, supply and demand are 

7 roughly in balance through 1998 with no commitments to 

8 additional hydro. 

9 

10 In a case without exports, HQ has indicated that LaForge 2 will 

11 enter service in 1999, to be followed by Grande Baleine in 2004-

12 2006 and NBR in 2014-202l.~ Thus, we have selected 1998 as the 

13 starting point for our initial analysis of the requirements for 
• .. -" I 

14 new hydro capacity beyond that already committed. As shown in 

15 Table B.12, total projected energy requirements (without 

16 additional exports) would be 192 TWh in 1998. Total 

17 requirements are projected to increase by 28 TWh between 1998 

18 and 2015. Between 2015 and 2020, requirements would increase 

19 by another 8 TWh, for a total amount of growth since 1998 of 36 

20 TWh. 

21 

22 ~he projects in LaGrande-Phase II (LaGrande 1, Brisay, and 
23 LaForge 1) are already under construction. It appears that these 
24 projects will be completed in any event, although reduced demand 
25 levels could result in some deferral of in-service dates. 

,. 26 ~everal other projects would come on-line during the 2010-
27 2012 period. 
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1 Thus, if the 27 TWh of conservation estimated in Appendix A were 

2 realized, the need for new hydro capacity would be deferred 

3 until at least 2015. In fact, it is likely that substantially 

4 more than 27 TWh of cost effective conservation will be 

5 available by 2015. First, conservation opportunities will 

6 increase as projected load increases. Second, continued 

7 

8 

9 

10 

11 

12 

13 

14 

technological development is likely to significantly increase 

the potential energy savings. 

years of experience, it is 

Third, with twenty-five more 

likely that the delivery of 

conservation services will become more effective than it is 

today. Thus, it is not unrealistic to expect that conservation 

could eliminate all 36 TWh of load growth expected for the 1998-

2020 period. 

15 Q: Is conservation the only resource that is available for 

16 displacing the need for new hydro capacity? 

17 

18 A: No. section 4.3 of our testimony describes other supply 

19 resources, such as private power production that could be used 

20 to satisfy Quebec electricity requirements. 

21 

22 Q: What is your conclusion? 

23 

24 A: If HQ does not enter into VJO, NVPA, and other export contracts, 

25 it could use conservation to displace the need for all new hydro --26 projects beyond those currently committed until at least 2015 
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1 and probably until after 2020. Approval of VJO and NYPA 

2 Contracts will require HQ to make commitment almost immediately 

3 to begin construction on the Grande Baleine project. Without 

4 the exports, conservation could defer the need to commit to new 

5 hydro commit to new hydro projects for at least 15 years. 

6 

7 Q: Are there any benefits to implementing conservat.ion prior to 

8 1998? 

9 

10 A: Yes. First, it is important to begin conservation programs as 

11 soon as possible to capture certain opportunties that would be 

12 lost otherwise. Second, it is desirable to phase in 

13 conserva tion programs over time, so they can be tested and 

14 debugged. In this manner, HQ can ensure that conservation 

15 savings will be achieved when required. Third, conservation 

16 during the 1990s can be used to increase HQ's reservoir levels 

17 and increase its margin of maneuver. 
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Table B.l: Hydro Stora~e Capacity and Average Annual Run-off (1989) 

Facility 

HQ-Owned Hydro 

Church it l falls 

Total HQ Supply 

Source: Plan Annuel 

Average 
Storage Annual Storage 

Capacity Run-Off as a % of 
(TWH) (TWH) Run-off 

116 135 85.9% 


25 36 69.4% 


141 171 82.5)1; 


D'Utilisation des Ressources Energetiques, Mars 1989. 



Table 8.2: HQ Seasonal Pattern of supply and demand 

Total Runoff (TYH) [1) 

Monthly runoff as % of year 

Jan 

6.1 

3.6% 

Feb 

4.6 

2.7X 

Mar 

4.8 

2.8% 

Apr 

7.5 

4.4% 

May 

25.8 

15.1% 

Jun 

33.5 

19.6% 

Jul 

20.1 

11.8% 

Aug 

16.0 

9.4% 

Sep 

14.7 

8.6% 

Oct 

16.4 

9.6% 

Nov 

12.5 

7.3% 

Dec 

8.8 

5.2% 

Total 

170.8 

100.0% 

Usable Run-off (IYH) [2) 

Monthly runoff as % of year 

6.1 

3.6% 

4.3 

2.5% 

4.4 

2.6% 

7.0 

4.1% 

25.6 

15.0X. 

33.6 

19.7X 

20.2 

11.9%. 

16.0 

9.4% 

14.9 

8.7X 

16.6 

9.7X 

12.6 

7.4% 

9.0 

5.3% 

170.3 

100.0% 

Total Energy Requirements (TYH) 

Monthly requirements as % of year 

17.1 

10.8% 

15.2 

9.6% 

15.2 

9.6% 

13.1 

8.3% 

11.5 

7.3% 

10.4 

6.6% 

10.7 

6.8% 

11.2 

7.1% 

10.7 

6.8% 

12.3 

7.8% 

14.2 

9.0% 

16.9 

10.7X 

158.5 

100.0% 

Hydro Generation CTYH) [4) 

Monthly Hydro Gen. as X. of year 

15.9 

10.7X 

14.5 

9.7X 

14.4 

9.7X 

12.3 

8.3% 

11.0 

7.4% 

9.6 

6.5% 

9.9 

6.7X 

10.4 

7.0% 

9.9 

6.7X 

11.5 

7.7X 

13.6 

9.1% 

15.8 

10.6% 

148.8 

100.0% 

Note [1]: HQ-owned hydro and Churchill Falls. 
[2]: Calculated as Producible Run-Off for HQ-owned hydro and Churchill Falls 

minus producible spilling minus consumption & losses for Churchill Falls. 
[4): HQ-owned hydro and HQ receipts from Churchill Falls. 

Source: Plan Annuel D'Utilisation des Ressources Energetiques, Mars 1989. 



Table 8.3: Required Seasonal Storage Capacity HQ System (including Churchill Falls) (TYH): Page 1 

HQ 19/1/90 Update. 

----------Historical···---··-·-.·.·.·.-.···· ·····-·····--------·--··--Forecasted---- -------.-- ------.------------
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

Novenber 1 [1] 50.4 52.5 53.1 48.5 41.6 44.7 51.3 54.6 55.3 55.7 58.1 61.0 62.8 63.1 
January 1 [1] 37.9 37.9 41.7 40.2 35.6 30.9 38.2 41.1 42.9 42.7 43.6 46.0 47.7 48.6 48.5 
March 1 [1] 16.6 16.3 18.1 17.5 15.4 12.9 16.3 17.6 18.5 18.3 18.7 19_8 20.6 21.0 20.9 
May 1 [2] 32.8 51.2 44.3 37.4 41.3 65.7 57.8 54.7 53.2 57.6 60.5 59.0 56.6 56.7 61.6 

Note [1]: Storage required until May 1. Novenber data is for November of preceding year. 
Calculated as Hydro Generation minus Hydro Usable Runoff. 

Note [2]: Storage Required until November 1. Calculated as Hydro Usable Run-off minus Hydro Generation. 



Table B 3: Required Seasonal Storage Capacity: HQ System (including Churchill Falls) (TWH): 
HQ 19/1/90 Update • 

. __ .~ ______ . ____ .. ________ . ___ ~ __ .. __________ .v_ ... ___ . ____ ~ ____ ~ ____ .. __ . ___ .. ______ . _____ ._. ______ .~ ___ . ___ . ____________ .. __ .~_~ ~~. 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Novetiber 1 [1] 62.3 60.8 60.9 62.3 63.5 64.4 65.3 65.9 66.5 67.1 67.5 68.1 68.6 69.1 69.9 
January 1 [1] 48.2 47.0 47.9 48.8 49.6 50.1 50.9 51.2 51.8 52.1 52.5 52.9 53.3 53.7 54.4 
March 1 [1] 20.7 20.1 20.6 21.0 21.3 21.6 21.9 22.0 22.3 22.4 22.6 22.8 22.9 23.1 23.4 
May 1 [2] 63.2 66.4 65.4 64.4 64.5 65.4 65.1 66.2 65.9 67.3 67.6 68.1 68.8 68.6 70.1 



Table B 3: Required Seasonal Storage Capacity: Page 3 
HQ System (including Churchill Falls) (T~H): HQ 19/1/90 Update. 

------~-- .... -~~ .... -.- ...... ------------- .. ------- ........ -- .......... 
2015 2016 2017 2018 2019 2020 

Novenber 1 [1] 69.7 68.3 67.7 68.2 69.0 69.9 
January 1 [1] 54.0 52.8 52.8 53.4 53.9 54.5 
March 1 (1] 23.2 22.6 22.7 22.9 23.2 23.4 
May 1 [2] 70.8 72.1 72.1 71.6 71.0 70.4 



Table B.4: Electricity Balance Sheet (TWH): HQ 19/1/90 Update. Page 1 

SUPPLY 

Hydroelectric Generation 
Run-Off 

Variation [1] [2] 

Spi II ing 

Sw-Total 

Thermal Generation 

Electricity Received [4J 

Total Supply 

DEMAND [3J 

Sales in Quebec 
finn 
Surplus 

Sw-Total 

Sales for Export 
fi nn 
Surplus [2J 

Sub-Total 

Total Sales 

Deliveries as per Agreement 

losses 

Total Requirements 

1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

121.7 105.6 132.0 123.2 109.8 113.0 135.6 135.7 135.8 136.7 143.7 150.2 152.1 152.2 154.0 162.2 

-14.5 11.9 -4.8 11.3 14.7 5.2 '28.3 -9.4 -1.7 2.6 -2.3 -4.1 1.1 '5.4 6.4 1.0 

-10.8 -5.7 -3.4 -2.0 -1.5 -1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

96.4 111.8 123.8 132.5 123.0 116.7 107.3 126.3 134.1 139.3 141.4 146.1 153.2 157.6 160.4 163.2 

3.9 3.7 4.3 5.2 6.1 7.1 7.7 5.7 5.6 5.p 5.7 5.2 5.2 5.2 5.2 5.2 

38.5 34.5 32.8 32.6 34.7 31.9 41.3 36.7 36.4 35.4 35.3 35.3 35.3 35.5 35.5 35.5 

138.8 150.0 160.9 170.3 163.8 155.7 156.3 168.7 176.1 180.3 182.4 186.6 193.7 198.3 201.1 203.9 

91.0 97.6 103.5 110.4 119.8 125.6 126.4 136.3 143.0 147.7 150.0 153.5 156.9 160.6 163.4 165.9 

9.9 12.1 13.7 13.7 8.7 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

100.9 109.7 117.2 124.1 128.5 126.2 126.4 136.3 143.0 147.7 150.0 153.5 156.9 160.6 163.4 165.9 

6.3 6.9 7.0 8.3 9.2 9.2 11.0 12.6 12.7 12.0 11.4 11.6 15.1 16.2 16.2 16.2 

16.6 17.3 19.9 20.5 7.7 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

22.9 24.2 26.9 28.8 16.9 9.9 11.0 12.6 12.7 12.0 11.4 11.6 15.1 16.2 16.2 16.2 

123.8 133.9 144.1 152.9 145.4 136.1 137.4 148.9 155.7 159.7 161.4 165.1 172.0 176.8 179.6 182.1 

3.2 3.5 3.2 3.1 4.1 5.3 4.7 4.4 4.3 4.1 4.3 ,4.4 4.2 3.3 3.0 3.1 

11.8 12.6 13.6 14.3 14.3 14.3 14.2 15.4 16.1 16.5 16.7 17.1 17.5 18.2 18.5 18.7 

138.8 150.0 160.9 170.3 163.8 155.7 156.3 168.7 176.1 180.3 182.4 186.6 193.7 198.3 201.1 203.9 



Table B.4: Electricity Balance Sheet (T~H): HQ 19/1/90 Update. Page 2 

SUPPLY 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Hydroelectric Generation 
Run-Off 164.2 167.4 167.4 167.4 169.0 171.6 172.4 174.9 175.4 178.3 179.7 181.3 183.2 183.6 187.3 
Var iat ion [11 [2] -1.1 -6.5 -4.0 -1.6 -0.7 -0.9 0.6 -0.3 0.9 -0.2 0.0 0.1 -0.1 0.7 0.0 
Spilling 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Sub-Total 163.1 160.9 163.4 165.8 168.3 170.7 173.0 174.6 176.3 178.1 179.7 181.4 183.1 184.3 187.3 

Thermal Generation 5.2 5.2 5.2 5.2 5.2 5.3 5.3 5.3 5.3 5.3 5.5 5.5 5.5 5.5 4.5 

Electricity Received [4] 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 

Total Supply 203.8 201.6 204.1 206.5 209.0 211.5 213.8 215.4 217.1 218.9 220.7 222.4 224.1 225.3 227.3 

DEMAND [3] 

Sales in Quebec 
Firm 168.1 170.3 172.5 174.7 176.9 179.2 181.3 182.7 184.2 185.9 187.5 189.0 190.7 192.4 194.2 
Surplus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Sub-Total 168.1 170.3 172.5 174.7 176.9 179.2 181.3 182.7 184.2 185.9 187.5 189.0 190.7 192.4 194.2 

Sales for Export 
Firm 13.8 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.3 8.7 8.7 
Surplus [21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Sub-Total 13.8 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.3 8.7 8.7 

Total Sales 181.9 179.8 182.0 184.2 186.4 188.7 190.8 192.2 193.7 195.4 197.0 198.5 200.0 201. 1 202.9 

Deliveries as per Agreement 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

losses 18.9 18.8 19.1 19.3 19.6 19.8 20.0 20.2 20.4 20.5 20.7 20.9 21. 1 21.2 21.4 

Total Requirements 203.8 201.6 204.1 206.5 209.0 211.5 213.8 215.4 217.1 218.9 220.7 222.4 224.1 225.3 227.3 



Table B.4: Electricity 8alance Sheet (T~H): HQ 19/1/90 Update. 
Page 3 

SUPPLY 2015 2016 2017 2018 2019 2020 

Hydroelectric Generation 
Run-Off 
Var let i on [1] [2J 
Spilling 

187.9 
-1.3 
0.0 

187.9 
-4.5 
0.0 

187.9 
-4.4 
0.0 

188.0 
-3.1 
0.0 

188.0 
-1.7 
0.0 

188.0 
-0.2 
0.0 

Sub-Total 186.6 183.4 183.5 184.9 186.3 187.8 

Thermal Generation 4.5 4.5 4.5 4.5 4.6 4.6 

Electricity Received [4J 35.5 35.5 35.5 35.5 35.5 35.5 

Total Supply 226.6 223.4 223.5 224.9 226.4 227.9 

DEMAND [3) 

Sales in Quebec 
firm 
Surplus 

Sub-Totlll 

195.9 
0.0 

195.9 

197.6 
0.0 

197.6 

199.0 
0.0 

199.0 

200.2 
0.0 

200.2 

201.6 
0.0 

201.6 

202.9 
0.0 

202.9 

Sales for Export 
firm 
Surplus [2J 

Sub-Total 

6.3 
0.0 
6.3 

1.4 
0.0 
1.4 

0.1 
0.0 
0.1 

0.1 
0.0 
0.1 

0.1 
0.0 
0.1 

0.1 
0.0 
0.1 

Total Sales 202.2 199.0 199.1 200.3 201.7 203.0 

Deliveries as per Agreement 3.0 3.0 3.0 3.0 3.0 3.0 

losses 21.4 21.4 21.4 21.6 21.7 21.9 

Total Requirements 226.6 223.4 223.5 224.9 226.4 227.9 



Table B.4: Electricity.Balance sheet (TWH): HQ 19/1/90 update 

Note 	 [ll: Refers to reservoir refilling (-) and drawdown (+). 

[2]: 	Petitioners' Discovery Response Cree-2.3 indicates a reduction in demand of 2 to 3 TWH mainly due to reduced export sales of 
surplus energy. The effect of this lower demand is to reduce reservoir drawdown. We have assumed a reduction of the amount indicated below. 
This table assumes the reduction in demand and drawdown = 2.5 TWH, based on VT PSB 5330 Petitioners' Discovery Response Cree R-2 B-4 
and Att. GN (2i&j) (Neveu). Drawdown also adjusted for 1989 demand and electricity received. 

[3]: 	Very small discrepancies exist between the components of demand in Annexe II of the Testimony of Leveille and 

that in Reponse par question 10, Group au Courant. However, total demand indicated in the response matches that shown in 

6(2)w of 19/1/1990. 


[4]: 	1989 data from VT PSB 5330 Petitioners' Discovery Response Att. GN (3-a) (Neveu). 

Sources: Plan de developpement d'HQ 1987-1989 Tableau 17; HQ Development Plan, Tables 6.3 and 7.3; 
VT PSB 5330 Petitioners' Discovery Response Cree-2.3.; Reponse par question 10, Ie Group au Courant. 



Table B.5: Electricity Receipts (Twh): Churchill falls and Other Sources: 19/1/90 HQ Update. Page 1 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

Church it l falls 
Other Quebec Systems 
Other provo and U.S. 

31.8 
2.6 
0.1 

30.7 
2.1 
0.0 

30.4 
2.2 
0.0 

30.7 
3.5 
0.5 

24.4 
4.0 
3.5 

33.0 
3.8 
4.5 

33.0 
3.7 
0.0 

32.8 
3.6 
0.0 

32.7 
2.7 
0.0 

32.5 
2.8 

. 0.0 

32.4 
2.9 
0.0 

32.2 
3.1 
0.0 

32.2 
3.3 
0.0 

32.2 
3.3 
0.0 

32.2 
3.3 
0.0 

Electricity Received 34.5 32.8 32.6 34.7 31.9 41.3 36.7 36.4 35.4 35.3 35.3 35.3 35.5 35.5 35.S 

Sources: 1990-2020: Reponse par question numero 10, le Group au Courant. 
1989: VT PSB 5330 Petitioners' Discovery Response B-4GN and Att. GN (3-a). 
1987·1988: Petitioners' Discovery Response Att. Cree 8C·1. 
1985·1986: Petitioners' Discovery Response Att. Cree 8B and 

Plan Annuel D'Utilisation des Ressources Energetiques (Tableau 15). 



Table 8.5: Electricity Receipts (Twh): Churchill Falls and Other Sources; 19/1/90 HQ Update. Pase 2 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Churchi II Falls 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 32.2 
Other Quebec Systems 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 3.3 
Other provo and U.S. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Electricity Received 35.5 35.5 35.5 35.5 35.5 35.5 35.s 35.5 35.s 35.5 35.5 35.5 35.5 35.5 35.5 



Table 8.5: Electricity Receipts (Twh): Churchill Falls and Other Sources: Page 3 
HQ 19/1/90 Update 

2015 2016 2017 2018 2019 2020 

Churchill Falls 32.2 32.2 32.2 32.2 32.2 32.2 
Other Quebec Systems 3.3 3.3 3.3 3.3 3.3 3.3 
Other provo and U.S. 0.0 0.0 0.0 0.0 0.0 0.0 

Electricity Received 35.5 35.5 35.5 35.5 35.5 35.5 



Table B.6: level of Reservoirs: HQ System (including Churchill Falls) (T~H): HQ 19/1/90 Update 

November 1 [1] 

May 1 

··········Historical·················_--····· ··.• .. ··············-.·····Forecasted······------····· .. -........ -_.------------------
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

108.9 111. 7 96.2 77.8 63.5 91.7 101.0 102.7 102.6 114.0 
83.4 59.4 60.8 48.1 32.5 26.5 46.2 49.5 47.2 54.0 57.6 

1996 1997 1998 1999 2000 

123.1 122.1 116.8 114_0 115.5 
64.3 59.9 52.8 51.1 51.5 

NOTE [1]: Oates indicated are on a water year (1/11-31/10) basis rather than calendar year. 
Thus, November data is for previous calendar year. 

Source: Plan Annuel O'Utilisation des Ressources Energetiques, Mars 1989; 
VT PSB 5330 Petitioners' Response Att. GN (l-h) &8(b) (Neveu). 



Table 8.7: Electricity Balance Sheet (TUH): 1989 Development Plan Page 1 

SUPPLY 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

Hydroelectric Generation 
Run-Off 121.7 105.6 132.0 123.2 109.8 135.3 135.6 135.7 135.8 136.1 138.6 146.4 150.8 152.2 155.6 167.2 
Variat ion [1] '14.5 11.9 -4.8 11.3 14.7 -12.9 -15.3 -10.0 ·4.3 1.9 1.1 -2.0 0.2 3.2 3.4 '4.2 
Spilling -10.8 '5.7 -3.4 -2.0 -1.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Sub-Total 96.4 111.8 123.8 132.5 123.0 122.4 120.3 125.7 131.5 138.0 139.7 144.4 151.0 155.4 159.0 163.0 

Thermal Generation 3.9 3.7 4.3 5.2 6.1 5.5 4.2 5.7 5.7 5.7 5.6 5.0 5.0 5.0 5.0 5.0 

Electricity Received 38.5 34.5 32.8 32.6 34.7 29.8 35.9 36.5 36.2 35.6 35.9 34.5 35.4 35.9 35.5 35.4 

Total Supply 138.8 150.0 160.9 170.3 163.8 157.7 160.4 167.9 173.4 179.3 181.2 183.9 191.4 196.3 199.5 203.4 

DEMAND 

Sales in Quebec 
Firm 91.0 97.6 103.5 110.4 119.8 125.3 130.1 134.4 137.7 143.8 146.2 148.4 151.0 154.5 157.7 160.2 
Surplus 9.9 12.1 13.7 13.7 8.7 0.6 

Sub' Total 100.9 109.7 117.2 124.1 128.5 125.9 130.1 134.4 137.7 143.8 146.2 148.4 151.0 154.5 157.7 160.2 

Sales for Export 
firm 6.3 6.9 7.0 8.3 9.2 9.2 11.0 13.6 15.6 15.8 15.2 15.4 19.7 20.8 20.8 21.9 
Surplus 16.6 17.3 19.9 20.5 7.7 3.2 

Sub-Total 22.9 24.2 26.9 28.8 16.9 12.4 11.0 13.6 15.6 15.8 15.2 15.4 19.7 20.8 20.8 21.9 

Total Sales 123.8 133.9 144.1 152.9 145.4 138.3 141.1 148.0 153.3 159.6 161.4 163.8 170.7 175.3 178.5 182.1 

Deliveries as per Agreement 3.2 3.5 3.2 3.1 4.1 5.1 4.7 4.6 4.4 3.3 3.3 3.3 3.3 3.3 2.9 2.9 

losses 11.8 12.6 13.6 14.3 14.3 14.3 14.6 15.3 15.7 16.4 16.5 16.8 17.4 17.7 18.1 18.4 

Total Requirements 138.8 150.0 160.9 170.3 163.8 157.7 160.4 167.9 173.4 179.3 181.2 183.9 191.4 196.3 199.5 203.4 

Note [1]: Refers to reservoir refilling (-) and drawdown (+). 

Sources: 1987 Plan de developpement d'HQ 1987·1989 Tableau 17; 1989 HQ Development Plan, Tables 6.3 and 7.3.: 6(2)w, 
Requis Renseignement and Reponse par question Numero 7 Ie Group au Courant for data beyond 1998. 



Table B.7: Electricity Balance Sheet (TWH): 1989 Development Plan Page 2 

SUPPLY 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Hydroelectric Generation 
Rl.I'l-Off 170.3 173.2 174.8 174.8 175.8 179.3 180.1 189.5 192.0 192.0 192.0 192.1 192.1 192.1 192.1 
Variation (1) -4.5 -2.0 -1.3 1.1 2.6 1.6 3.0 -5.0 -5.7 '3.9 '2.0 '0.5 1.1 1.5 2.1 
Spill ing 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Sub-Total 165.8 171.2 173.5 175.9 178.4 180.9 183.1 184.5 186.3 188.1 190.0 191.6 193.2 193.6 194.2 

Thermal Generation 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.1 5.1 5.1 5.1 4.1 

Electricity Received 35.3 35.3 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 

Total Supply 206.1 211.5 214.0 216.4 218.9 221.4 223.6 225.0 226.8 228.6 230.6 232.2 233.8 234.2 233.8 

DEMAND 

Sales in Quebec 
Firm 162.3 164.4 166.8 168.9 171.0 173.4 175.2 176.7 178.2 179.8 181.5 183.1 184.7 186.4 188.1 
Surplus 

Sub-Total 162.3 164.4 166.8 168.9 171.0 173.4 175.2 176.7 178.2 179.8 181.5 183.1 184.7 186.4 188.1 

Sales for Export 
Firm 22.1 25.0 24.9 25.0 25.1 25.0 25.2 24.9 25.0 25.1 25.0 25.0 24.9 23.5 21.3 
Surplus 

Sub-Total 22.1 25.0 24.9 25.0 25.1 25.0 25.2 24.9 25.0 25.1 25.0 25.0 24.9 23.5 21.3 

Total Sales 184.4 189.4 191.7 193.9 196.1 198.4 200.4 201.6 203.2 204.9 206.5 208.1 209.6 209.9 209.4 

Deliveries as per Agreement 2.9 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

losses 18.7 19.1 19.3 19.5 19.8 20.0 20.2 20.4 20.6 20.7 20.9 21.1 21.2 21.3 21.4 

Total Requirements 206.0 211.5 214.0 216.4 218.9 221.4 223.6 225.0 226.8 228.6 230.4 232.2 233.8 234.2 233.8 



Table B.7: Electricity Balance Sheet (T~H): Page 3 
1989 Development Plan. 

SUPPLY 

Hydroelectric Generation 
Run-Off 

Variation [1] 

Spill ing 

Sub-Total 

Thermal Generation 

Electricity Received 

Total Supply 

DEMAND 

Sales In Quebec 
Firm 
Surplus 

Sub-Total 

Sales for Export 
Firm 
Surplus 

Sub-Total 

Total Sales 

Deliveries as per Agreement 

losses 

Total Requirements 

2015 

192.1 
1.2 
0.0 

193.3 

4.1 

35.5 

232.9 

189.9 

189.9 

18.5 

18.5 

208.4 

3.0 

21.5 

232.9 

2016 

192.1 
-2.7 
0.0 

189.4 

4.1 

35.5 

229.0 

191.5 

191.5 

13.2 

13.2 

204.7 

3.0 

21.3 

229.0 

2017 

192.1 
-2.4 
0.0 

189.7 

4.1 

35.5 

229.3 

192.8 

192.8 

12.1 

12.1 

204.9 

3.0 

21.4 

229.3 

2018 

192.2 
·1.0 
0.0 

191.2 

4.1 

35.5 

230.8 

194.1 

194.1 

12.1 

12.1 

206.2 

3.0 

21.6 

230.8 

2019 2020 

192.2 192.2 
-1.7 -3.3 
0.0 0.0 

190.5 188.9 

4.1 4.1 

35.5 35.5 

230.1 228.5 

195.5 196.7 

195.5 196.7 

10.0 7.2 

10.0 7.2 

205.5 203.9 

3.0 3.0 

21.6 21.6 

230.1 228.5 



Table 8.8: Electricity Receipts (TWH): 1989 Development Plan. Page 1 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

Church ill Fa II s 
Other Quebec Systems 
Other provo and U.S. 

31.8 
2.6 
0.1 

30.7 
2.1 
0.0 

30.4 
2.2 
0.0 

30.7 
3.5 
0.5 

26.0 
3.8 
0.0 

32.1 
3.8 
0.0 

32.7 
3.8 
0.0 

32.6 
3.6 
0.0 

32.9 

2.7 
0.0 

33.1 

2.8 
0.0 

31.6 
2.9 
0.0 

32.3 
3.1 
0.0 

32.6 

3.3 
0.0 

32.2 
3.3 
0.0 

32.2 
3.2 
0.0 

Electricity Received 34.5 32.8 32.6 34.7 29.8 35.9 36.5 36.2 35.6 35.9 34.5 35.4 35.9 35.5 35.4 

Sources: 1999-2020 assumed equal to 1988 except any reductions in total electricity 
received attributed to other Quebec sources. 

1987-1998: VT PSB 5330 Petitioners' Discovery Response Att. Cree 8C-1. 
1985-1986: VT PSB 5330 Petitioners' Discovery Response Att. Cree 88 and 

Plan Annuel D'Utilisation des Ressources Energetiques (Tableau 15). 



Table B.8: Electricity Receipts (T~H): 1989 Development Plan. Page 2 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

Churchill Falls 
Other Quebec Systems 
Other provo and U.S. 

32.2 
3.1 
0.0 

32.2 
3.1 
0.0 

32.2 
3.3 
0.0 

32.2 
3.3 
0.0 

32.2 
3.3 
0.0 

32.2 
3.3 
0.0 

32.2 
3.3 
0.0 

32.2 
3.3 
0.0 

32.2 
3.3 
0.0 

32.2 
3.3 
0.0 

32.2 
3.3 
0.0 

32.2 
3.3 
0.0 

32.2 
3.3 
0.0 

32.2 
3.3 
0.0 

32.2 
3.3 
0.0 

Electricity Received 35.3 35.3 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35'.5 35.5 35.5 



Table B.8: Electricity Receipts (TWH): 1989 Development Plan. Page 3 

2015 2016 2017 2018 2019 2020 

Churchill Falls 32.2 32.2 32.2 32.2 32.2 32.2 
Other Cuebec Systems 3.3 3.3 3.3 3.3 3.3 3.3 
Other provo and u.S. 0.0 0.0 0.0 0.0 0.0 0.0 

Electricity Received 35.5 35.5 35.5 35.5 35.5 35.5 



Table B.9: Changes from 1989 Development Plan to Page 1 
19/1/90 Update: Effect on Energy Inflows to Reservoirs (TWH) 

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

Hydro Run-Off [3] 	 '32.3 0.0 0.0 0.0 0.6 5.1 3.8 1.3 0.0 ·1.6 '5.0 

Use of Fossil Sources 
Dual Fuel 0.3 3.7 
HQ Tracy 1.4 3.4 
Purchases (1) 3.7 4.5 -0.1 

Demand Other Than Dual Fuel 1.7 0.4 -0.8 -2.7 ·1.0 ·1.2 -2.7 -2.3 -2.0 -1.6 -0.5 

Other (2) 	 0.2 0.1 0.0 ·0.1 -0.1 0.1 0.2 0.2 0.2 0.2 0.2 

TOTAL (3) 	 -25.0 12.1 -0.9 -2.8 -0.5 4.0 1.3 -0.8 -1.8 ·3.0 -5.3 

CUMULATIVE TOTAL SINCE 1989 ·25.0 -12.9 -13.8 -16.6 -17.1 '13.1 -11.8 -12.6 -14.4 ·17.4 -22.7 

Notes: 	 (11: The marginal fuel on neighbouring systems outside Quebec is generally fossil-based. 
(2]: This category includes changes in HQ Thermal other than Tracy. 
(3]: Total for 1989 based on comparison of projected and actual reservoir levels from 

Plan Annuel D'Utilisation des Ressources Energetiques, Mars 1989 and VT PSB 5330 
Petitioners' Discovery Response Cree R-2 8-12 GN and Att. GN (8b) (Neveu). 



Table 8.9: Changes from 1989 Developnent Plan to Page 2 
19/1/90 Update: Effect on Ener9Y Inflows to Reservoirs (T~H) 

2000 	 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Hydro Run-Off [3) 	 -6.1 -5.8 -7.4 -7.4 -6.8 -7.7 -7.7 -14.6 -16.6 -13.7 -12.3 -10.8 -8.9 

Use of Fossil Sources 
Dual Fuel 
HQ Tracy 
Purchases [1) 

Demand Other Than Dual Fuel 2.2 9.9 9.9 9.9 9.9 9.9 9.8 9.6 9.7 9.7 9.7 9.8 9.7 

Other [2) 	 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.4 0.4 0.4 

TOTAL [3) 	 -3.7 4.3 2.7 2.7 3.3 2.5 2.4 -4.7 -6.6 -3.7 -2.2 -0.6 1.2 

CUMULATIVE TOTAL SINCE 1989 -26.4 -22.1 -19.4 -16.7 -13.4 -10.9 -8.5 -13.2 -19.8 -23.5 -25.7 -26.3 -25.1 

Notes: 	 [1): The marginal fuel on neighbouring systems outside Quebec is generally fossil-based. 
[2): This category includes changes in HQ Thermal other than Tracy. 
[3): Total for 1989 based on comparison of projected and actual reservoir levels from 

Plan Annuel o'Utilisation des Ressources Energetiques, Mars 1989 and VT PSB 5330 
Petitioners' Discovery Response Cree R-2 0-12 GN and Att. GN (8b) (Neveu). 



Table B.9: Changes from 1989 Development Plan to Page 3 
19/1/90 Update: Effect on Energy Inflows to Reservoirs (TWH) 

2013 2014 2015 2016 2017 2018 2019 2020 

Hydro Run-Off [3] 	 -8.5 -4.8 -4.2 -4.2 -4.2 -4.2 -4.2 -4.2 

Use of Fossil Sources 
Dual Fuel 
HQ Tracy 
Purchases [1] 

Demand Other Than Dual Fuel 8.9 6.5 6.3 5.6 5.8 5.9 3.7 0.6 

Other [2] 	 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.5 

TOTAL [3] 	 0.8 2.1 2.5 1.8 2.0 2.1 0.0 -3.1 

CUMULATIVE TOTAL SINCE 1989 -24.3 '22.2 -19.7 -17.9 -15.9 '13.8 -13.8 -16.9 

Notes: 	 [1]: The marginal fuel on neighbouring systems outside Quebec is generally fossil-based. 
[2]: This category includes changes in HQ Thermal other than Tracy. 
[3]: Total for 1989 based on comparison of projected and actual reservoir levels from 

Plan Annuel D'Utilisation des Ressources Energetiques, Mars 1989 and VT PSB 5330 
Petitioners' Discovery Response Cree R-2 B-12 GN and Att. GN (8b) (Neveu). 



Development Plan 

Table B.l0: Plans for Refilling HQ'Owned Reservoirs (TWH) 

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 

Reservoir 
Refilling 
Since 1986 

(Twh) (Year) 

Baseload 
Hydro 

In-Service 
(Year) 

1986 [1] 13.9 4.4 1.8 6.2 1.1 -3.5 -1.3 1.0 -0.2 0.0 27.4 1990 1996 

1987 (2) 4.8 3.9 1.8 8.2 2.9 '0.7 -1.4 0.6 0.2 -2.1 21.6 1990 1996 

1988 [3] 4.8 -11.3 5.3 10.1 7.2 2.3 1.2 0.6 3.0 ·2.5 23.2 1994 1995 

1989 [4] 4.8 ·11.3 -14.7 12.9 15.3 10.0 4.3 -1.9 -1. 1 2.0 21.3 1992 1994 

19/1/90 Update (5] 4.8 -11.3 -14.7 -5.2 28.3 9.4 1.7 -2.6 2.3 4.1 B.O 1992 1993 

Source: 1986· 1989 Development Plan; Renseignement Requis 6(2)w 19/1/90 update 

Notes: 
(1): All data forecasted 
(2): 1986 Historical; 1987 1995 Forecasted 
(3]: 1986 • 1987 Historical; 1988 - 1995 Forecasted 
(4]: 1986 • 1988 Historical; 1989 . 1995 Forecasted 
(5): 1986 . 1989 Historical: 1990 . 1995 Forecasted 



Table B.l1: VJO and NYPA Contracts: Effect Page 1 
on HQ Energy Requirements and Hydro Projects 

ENERGY REQUIREMENTS 
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 

VJO Contract Sales 0.3 0.7 1.0 1.1 1.1 1.5 2.6 2.8 2.8 2.8 2.9 3.0 

NYPA Contract Sales 2.2 5.5 6.6 6.6 6.6 6.6 6.6 

(Reduction in Other Sales) (1] 0.1 0.1 0.2 0.2 0.2 0.3 0.4 0.5 0.6 0.6 0.4 

TOTAL Increase in Sales 
due to Contracts 

0.2 0.6 0.8 0.9 0.9 3.4 7.7 8.9 8.8 8.8 9.0 9.5 

Losses Related to Contracts [2] 0.01 0.03 0.04 0.05 0.05 0.19 0.42 0.49 0.48 0.48 0.50 0.52 

TOTAL Increase in Energy Requirements 0.2 0.7 0.8 1.0 1.0 3.6 8.1 9.4 9.3 9.3 9.5 10.1 

CUMULATIVE Increase in Energy Requirements 
==~=;;:~=;::;=:::===========;============== 

HYDRO PROJECT ADVANCEMENTS 

0.2 0.9 1.7 2.7 3.6 7.2 15.3 24.7 34.0 43.3 52.8 62.8 

TOTAL Increase in Hydro Run'Off [3] 0.0 0.0 0.0 0.0 3.0 4.6 3.2 1.7 3.5 11.5 12.0 15.1 

CUMULATIVE Increase in Hydro Run-Off 
=========================================== 
EFFECT OF VJO AND NYPA CONTRACTS ON ENERGY 

BALANCE (Advancements - Requirements) 

0.0 0.0 0.0 0.0 3.0 7.7 10.8 12.5 16.0 27.6 39.5 54.6 

ANNUAL Effect -0.2 -0.7 -0.8 -1.0 2.1 1.0 -4.9 -7.7 -5.8 2.2 2.4 5.0 

CUMULATIVE Effect -0.2 -0.9 -1.7 -2.7 -0.6 0.5 -4.5 -12.2 -17.9 -15.7 -13.3 -8.2 



Table B.l1: VJO and NYPA Contracts: Effect Page 2 
on HQ Energy Requirements and Hydro Projects 

ENERGY REQUIREMENTS 
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 

VJO Contract Sales 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.8 2.2 2.2 

NYPA Contract Sates 6.6 6.6 6.6 6.6 6.6 6.6· 6.6 6.6 li.6 6.6 6.6 6.6 6.6 

(Reduction in Other Sales) [1] 

TOTAL Increase in Sates 
due to Contracts 

9.5 9.5 9.) 9.) 9.5 9.) 9.5 9.5 9.5 9.5 9.4 8.8 8.8 

Losses Related to Contracts [2] 0.52 0.52 0.52 0.52 0.52 0.52 0.52 0.)2 0.52 0.52 0.52 0.48 0.48 

TOTAL Increase in Energy Requirements 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 10.1 9.9 9.3 9.3 

CUMULATIVE Increase in Energy Requirements 
=;=;:=::==;:=~===:==;===::===;:==-=:======; 

HYDRO PROJECT ADVANCEMENTS 

72.9 83.0 93.0 103.1 113.1 123.2 133.2 143.3 153.3 163.4 173.3 182.5 191.8 

TOTAL Increase in Hydro Run-Off (3] 15.1 15.1 14.9 9.3 8.1 7.4 7.9 10.8 9.5 7.3 7.6 5.5 8.6 

CUMULATIVE Increase in Hydro Run-Off 
======z==================================== 
EFFECT OF VJO AND NYPA CONTRACTS ON ENERGY 

BALANCE (Advancements - Requirements) 

69.7 84.8 99.7 109.1 117.2 124.6 132.4 143.3 152.7 160.1 167.7 173.1 181.7 

ANNUAL Effect 5.0 5.0 4.8 -0.7 -1.9 -2.7 -2.2 0.8 -0.6 -2.7 -2.3 -3.8 -0.7 

CUMULATIVE Effect -3.2 1.9 6.7 6.0 4.1 1.4 -0.8 0.0 -0.6 -3.3 -5.6 -9.4 -10.1 



Table B.ll: VJO and NYPA Contracts: Effect TOTAL 1I FE Page 3 
on HQ Energy Requirements and Hydro Projects OF CONTRACT 

ENERGY REQUIREMENTS 
2015 2016 2017 2018 2019 2020 

VJO Contract Sales 1.9 0.3 0.1 0.1 0.1 0.1 62.2 

NYPA Contract Sales 4.4 1.1 0.0 0.0 0.0 0.0 131.4 

(Reduction in Other Sales) [1] 3.6 

TOTAL Increase in Sales 
due to Contracts 

6.3 1.4 0.1 0.1 0.1 0.1 190.0 

Losses Related to Contracts [2] 0.35 0.08 0.01 0.01 0.01 0.01 10.45 

TOTAL Increase in Energy Requirements 6.6 1.5 0.1 0.1 0.1 0.1 200.42 

CUMULATIVE Increase in Energy Requirements 

=~:=:======;==============:=;============== 

HYDRO PROJECT ADVANCEMENTS 

198.4 199.9 200.1 200.2 200.3 200.4 

TOTAL Increase in Hydro Run-Off [3) 7.8 6.2 4.4 0.5 0.0 0.0 

CUMULATIVE Increase in Hydro Run-Off 
=================-========================= 
EFFECT OF VJO AND NYPA CONTRACTS ON ENERGY 

BALANCE (Advancements - Requirements) 

189.5 195.7 200.2 200.6 200.6 200.6 

ANNUAL Effect 1.2 4.7 4.3 0.3 -0.1 -0.1 

CUMULATIVE Effect -8.9 -4.2 0.1 0.5 0.3 0.2 



Table B.11: VJO and NYPA Contracts: Effect Page 4 
on HQ Energy Requirements and Hydro Projects 

NOTE [1]: VJO Contract results in reduction of other HQ sales in some years. 
[2]: losses calculated as 5.5% of load as per VT PSB 5330 Petitioners' Discovery 

Response R-2 B-6JG (Guevremont). 
[3]: Increase in Hydro Run-oft estimated for each project based on schedule in Reseignement Requis 

19/1/90 Update, 8S well as VT PSB 5330 Ex. Participants JG-3 (Guevremont) which specifies 
amount of energy supplied by each project advancement. Advancement of each project 
adjusted to match run-off levels in Renseignement Requis 6(2)w 19/1/90 Update. 

Sources: Renseignement Requis 6(2)c and 6(2)z, NYPA Contract. 



Table B.12: Electricity Balance Sheet (TYH): HQ 19/1/90 Adjusted to remove VJO and NYPA Contracts Page 1 
and Associated Hydro Advancement. 

SUPPLY 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 

Hydroelectric Generation 
Run-Off (2] 121.7 105.6 132.0 123.2 109.8 113.0 135.6 135.7 135.8 136.7 140.7 145.6 148.9 150.5 
Variation (1] -14.5 11.9 -4.8 11.3 14.7 5.2 -28.5 -10.1 '2.5 1.6 ·0.2 -3.1 -3.8 -2.3 
Spill ing -10.8 -5.7 -3.4 -2.0 1.5 -1.5 o 0 o o o o o o 

Sub-Total 96.4 111.8 123.8 132.5 123.0 116.7 107.1 125.6 133.3 138.3 140.4 142.5 145.1 148.2 

Thermal Generation 3.9 3.7 4.3 5.2 6.1 7.1 7.7 5.7 5.6 5.6, 5.7 5.2 5.2 5.2 

Electricity Received [4] 38.5 34.5 32.8 32.6 34.7 31.9 41.3 36.7 36.4 35.4 35.3 35.3 35.3 35.5 

Total Supply 138.8 150.0 160.9 170.3 163.8 155.7 156.1 168.0 175.3 179.3 181.4 183.0 185.6 188.9 

DEMAND [3] 

Sales in Quebec 
Firm 91.0 97.6 103.5 110.4 119.8 125.6 126.4 136.3 143.0 147.7 150.0 153.5 156.9 160.6 
Surplus 9.9 12.1 13.7 13.7 8.7 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Sub-Total 100.9 109.7 117.2 124.1 128.5 126.2 126.4 136.3 143.0 147.7 150.0 153.5 156.9 160.6 

Sales for Export 
Firm 6.3 6.9 7.0 8.3 9.2 9.2 10.8 12.0 11.9 11.1 10.5 8.2 7.4 7.3 
Surplus [2] 16.6 17.3 19.9 20.5 7.7 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Sub-Total 22.9 24.2 26.9 28.8 16.9 9.9 10.8 12.0 11.9 11.1 10.5 8.2 7.4 7.3 

Total Sales 123.8 133.9 144.1 152.9 145.4 136.1 137.2 148.3 154.9 158.8 160.5 161.7 164.3 167.9 

Deliveries as per Agreement 3.2 3.5 3.2 3.1 4.1 5.3 4.7 4.4 4.3 4.1 4.3 4.4 4.2 3.3 

Losses 11.8 12.6 13.6 14.3 14.3 14.3 14.2 15.4 16.1 16.5 16.7 16.9 17.1 17.7 

Total Requirements 138.8 150.0 160.9 170.3 163.8 155.7 156.1 168.0 175.3 179.3 181.4 183.0 185.6 188.9 

1998 

150.5 
0.6 

o 

151. 1 

5.2 

35.5 

191.8 

163.4 
0.0 

163.4 

7.4 
0.0 
7.4 

170.8 

3.0 

18.0 

191.8 

1999 

150.7 
3.2 

o 

153.9 

5.2 

35.5 

194.6 

165.9 
0.0 

165.9 

7.4 
0.0 

7.4 

173.3 

3.1 

18.2 

194.6 



Table B.12: Electricity Balance Sheet (T~H): HQ 19/1/90 Adjusted to remove VJO and NYPA Contracts Page 2 
and Associated Hydro Advancement. 

SUPPLY 2000 2001 2002 2003 2004 

Hydroelectric Generation 
Run-Off [21 152.2 152.3 152.3 152.3 154.1 
Variation [1] 1.3 -1.5 1.0 3.4 4.1 
Spilling o o o o o 

Sub-Total 153.6 150.8 153.3 155.7 158.2 

Thermal Generation 5.2 5.2 5.2 5.2 5.2 

Electricity Received [41 35.5 35.5 35.5 35.5 35.5 

Total Supply 194.3 191.5 194.0 196.4 198.9 

DEMAND [31 

Sales in Quebec 
Firm 168.1 170.3 172.5 174.7 176.9 
Surplus 0.0 0.0 0.0 0.0 0.0 

Sub-Total 168.1 170.3 172.5 174.7 176.9 

Sales for Export 
Firm 4_8 0_0 0.0 0.0 0.0 
Surplus [21 0.0 0.0 0.0 0.0 0.0 

Sub-Total 4.8 0.0 0.0 0.0 0.0 

Total Sales 172.9 170.3 172.5 174.7 176.9 

Deliveries as per Agreement 3.0 3.0 3.0 3.0 3.0 

losses 18.4 18.3 18.6 18.8 19.1 

Total Requirements 194.3 191.5 194.0 196.4 198.9 

2005 

162.3 
-1.6 

o 

160.6 

5.3 

35.5 

201.4 

179.2 
0.0 

179.2 

0.0 
0.0 
0.0 

179.2 

3.0 

19.3 

201.4 

2006 

164.3 
-1.3 

o 

162.9 

5.3 

35.5 

203.7 

181.3 
0.0 

181.3 

0.0 
0.0 
0.0 

181.3 

3.0 

19.5 

203.7 

2007 

167.5 
'3.0 

o 

164.5 

5.3 

35.5 

205.3 

182.7 
0.0 

182.7 

0.0 
0.0 
0.0 

182.7 

3.0 

19.7 

205.3 

2008 

167.5 
-1.3 

o 

166.2 

5.3 

35.5 

207.0 

184.2 
0.0 

184.2 

0.0 
0.0 
0.0 

184.2 

3.0 

19.9 

207.0 

2009 

167.5 
0.6 

o 

168.0 

5.3 

35.5 

208.8 

185.9 
0.0 

185.9 

0.0 
0.0 
0.0 

185.9 

3.0 

20.0 

208.8 

2010 

170.2 
-0.6 

o 

169.6 

5.5 

35.5 

210.6 

187.5 
0.0 

187.5 

0.0 
0.0 
0.0 

187.5 

3.0 

20.2 

210.6 

2011 

174.0 
-2.6 

o 

171.3 

5.5 

35.5 

212.3 

189.0 
0.0 

189.0 

0.0 
0.0 
0.0 

189.0 

3.0 

20.4 

212.3 

2012 

175.6 
-2.4 

o 

173.2 

5.5 

35.5 

214.2 

190.7 
0.0 

190.7 

-0.1 
0.0 

-0.1 

190.6 

3.0 

20.6 

214.2 

2013 

178.1 
-3.1 

o 

175 ..0 

5.5 

35.5 

216.0 

192.4 
0.0 

192.4 

-0.1 
0.0 

-0.1 

192.3 

3.0 

20.7 

216.0 

2014 

178.7 
-0.7 

o 

178.0 

4.5 

35.S 

218.0 

194.2 
0.0 

194.2 

-0.1 

0.0 
-0.1 

194.1 

3.0 

20.9 

218.0 



Table B.12: Electricity Balance Sheet (l~H): HQ 19/1/90 Adjusted to Page 3 
remove VJO and NYPA Contracts and associ ated hydro advancement. 

SUPPLY 2015 2016 2017 2018 2019 2020 

Hydroelectric Generation 
Run,Off (2] 180.1 181. 7 183.5 187.5 188.0 188.0 
Variation (1] -0.1 0.2 -0.1 -2.8 -1.8 -0.3 
Spill ing 0 0 0 0 0 0 

Sub-Total 180.0 181.9 183.4 184.8 186.2 187.7 

Thermal Generation 4.5 4.5 4.5 4.5 4.6 4.6 

Electricity Received (4] 35.5 35.5 35.5 35.5 35.5 35.5 

Total Supply 220.0 221.9 223.4 224.8 226.3 227.8 

DEMAND (3] 

Sales in Quebec 
firm 195.9 197.6 199.0 200.2 201.6 202.9 
Surplus 0.0 0.0 0.0 0.0 0.0 0.0 

Sub-Total 195.9 197.6 199.0 200.2 201.6 202.9 

Sales for Export 
firm 0.0 0.0 0.0 0.0 0.0 0.0 
Surplus (2] 0.0 0.0 0.0 0.0 0.0 0.0 

Sub-Total 0.0 0.0 0.0 0.0 0.0 0.0 

Total Sales 195.9 197.6 199.0 200.2 201.6 202.9 

Deliveries as per Agreement 3.0 3.0 3.0 3.0 3.0 3.0 

Losses 21.1 21.3 21.4 21.6 21.7 21.9 

Total Requirements 220.0 221.9 223.4 224.8 226.3 227.8 



Table 8.12: Electricity Balance Sheet (T~H): HQ 19/1/90 Adjusted to remove VJO and NYPA Contracts Page 4 
and Associated Hydro Advancement. 

Note 	 (1): Refers to reservoir refilling (-) and drawdown (+). 

[2]: 	Petitioners' Discovery Response Cree-2.3 indicates a reduction in demand of 2 to 3 T~H mainly due to reduced export sales of 
surplus energy. The effect of this lower demand is to reduce reservoir drawdown. ~e have assumed a reduction of the amount indicated below. 
This table assumes the reduction in demand and drawdown = 2.5 T~H, based on VT PS8 5330 Petitioners' Discovery Response Cree R-2 B-4 GN 
and Att. GN (2i&j) (Neveu). Drawdown also adjusted for 1989 demand and electricity received. 
Run-off data from Table B.4, adjusted using data from Table B.l1 to remove hydro advancements. 

[3]: 	Very small discrepancies exist between the components of demand in Annexe 11 of the Testimony of Leveille and 

that in Reponse par question 10, Group au Courant. However, total demand indicated in the response matches that shown in 

6(2)w of 19/1/1990. 


[4]: 	1989 data from VT PSB 5330 Petitioners' Discovery Response Att. GN (3-a) (Neveu). 

Sources: Plan de developpement d'HQ 1987-1989 Tableau 17; HQ Development Plan, Tables 6.3 and 7.3; 
VT PSB 5330 Petitioners' Discovery Response Cree-2.3.; Reponse par question 10, Ie Group au Courant. 



Table 8.13: Electricity Receipts: Churchill Falls and Other Sources (TWH): 
VJO and NYPA Contracts and Associated Hydro Advancements. 

HQ 19/1/90 Update Adjusted to Remove Page 1 

1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

Churchi II Falls 
Other Quebec Systems 
Other provo and U.S. 

31.8 
2.6 
0.1 

30.7 
2.1 
0.0 

30.4 
2.2 
0.0 

30.7 

3.5 
0.5 

24.4 

4.0 
3.5 

33 
3.8 
4.5 

33 
3.7 

0 

32.8 
3.6 

0 

32.7 
2.7 

0 

32.5 
2.8 

0 

32.4 
2.9 

0 

32.2 
3.1 

0 

32.2 
3.3 

0 

32.2 
3.3 

0 

32.2 

3.3 
0 

Electricity Received 34.5 32.8 32.6 34.7 31.9 41.3 36.7 36.4 35.4 35.3 35.3 35.3 35.5 35.5 35.5 

Sources: 1990-2020: Reponse par question numero 10, Ie Group au Courant 
1989: VT PS8 5330 Petitioners' Discovery Response 8-4 GN and Att_ GN (3-a) (Neveu). 
1987-1988: Petitioners' Discovery Response Att. Cree 8e-1. 
1985-1986: Petitioners' Discovery Response Att. Cree 88 and 

Plan Annuel D'Utilisation des Ressources Energetiques (Tableau 15). 



Table B.13: Electricity Receipts: Churchill Falls and Other Sources (TWH): HQ 19/1/90 Update Adjusted to Remove 
VJO and NYPA Contracts and Associated Hydro Advancements. 

Page 2 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 

Churchill Falls 
Other Quebec Systems 
Other provo and U.S. 

32.2 
3.3 

0 

32.2 
3.3 

0 

32.2 
3.3 

0 

32.2 
3.3 

0 

32.2 
3.3 

0 

32.2 
3.3 

0 

32_2 

3.3 
0 

32.2 
3.3 

0 

32.2 
3.3 

0 

32.2 
3.3 

0 

32.2 
3.3 

0 

32.2 
3.3 

0 

32.2 
3.3 

0 

32.2 
3.3 

0 

Electricity Received 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 35.5 

Sources: 1990-2020: Reponse par question numero 10, le Group au Courant 
1989: VT PSB 5330 Petitioners' Discovery Response 8-4 GN and Att. GN (3-a) (Neveu). 
1987-1988: Petitioners' Discovery Response Att. Cree Be-l. 
1985-1986: Petitioners' Discovery Response Att. Cree 8B and 

Plan Annuel D'Utilisation des Ressources Energetiques (Tableau 15). 



Table B.13: Electricity Receipts: Churchill falls and Other Sources (T~H): HQ 19/1/90 Update 
Adjusted to Remove VJO and NYPA Contracts and Associated Hydro Advancements. 

2014 2015 2016 2017 2018 2019 2020 Page 3 

Church ill Fall s 
Other Quebec Systems 
Other provo and U.S. 

32.2 
3.3 

0 

32.2 
3.3 

0 

32.2 
3.3 

o 

32.2 
3.3 

o 

32.2 
3.3 

o 

32.2 
3.3 

o 

32.2 
3.3 

o 

Electricity Received 35.5 35.5 35.5 35.5 35.5 35.5 35.5 

Sources: 	1990-2020: Reponse par question numero 10, le Group au Courant 
1989: VT PSB 5330 Petitioners' Discovery Response 8-4 GN ,and Att. GN (3-a) (Neveu). 
1987-1988: Petitioners' Discovery Response Att. Cree 8C-l. 
1985-1986: Petitioners' Discovery Response Att. Cree 88 and 

Plan Annuel D'Utilisation des Ressources Energetiques (Tableau 15). 



Table 8.14: Level of Reservoirs: HQ System (including Churchill Falls) (TWH): HQ 19/1/90 Update Adjusted 
to Remove VJO and NYPA Contracts and Associated Hydro Advancements. 

··········Historical·----··-----------·----- -------------- -------Forecasted-·---·-----------------···------------.-- ......... -.- 
1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

Novellber 1 (1] 108.9 111. 7 96.2 17.8 63.5 92.0 101.9 104.5 106.0 109.7 115.1 124.4 126.7 126.2 126.0 
May 1 [2] 83.t. 59.4 60.8 48.1 32.5 26.5 47.6 51.0 50.4 50.9 54.6 59.8 67.9 68.6 66.5 66.1 

NOTE (1]: Dates indicated are on a water year (1/11-31/10) basis rather than calendar year. 
Thus, Novellber 1 data is for previous calendar year. 
(2]: May data for 1991 • 2000 estimated using reservoir level data for Novellber and estimate 

of required seasonal storage capacity based on Tables 8.2 and 8.12. 

Source: Plan Annuel D'Utilisation des Ressources Energetiques, Mars 1989; 

VT PSB 5330 Petitioners' Response Att. GN (1-h) &8(b) (Neveu); 

Annexe a la Response 20 par Le Grand Conseil des Cris (demand 

de renseignements du 14/12/89). 
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Figure B.l: HQ Forecast of System Reservoir Levels 
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Figure B.2: Seasonal Pattern 

Hydro Runoff and Energy Requirements 
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Figure 8.3 

Critical Level of Reservoirs 
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Figure B.4.A Energy Balance 
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Figure B.4.B: Level of Reservoirs 
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Figure B.4.C: Level of Reservoirs 
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Figure B.5.A Energy Balance 
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Figure 8.6: VJO and NYPA Contracts 

Energy Requirements & Hydro Advancements 
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Figure B.7.A Energy Balance 
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Figure B.7.B: Level of Reservoirs 

November 1 
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Figure B.7.C: Level of Reservoirs 
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ApplicAtton No. 


ExhIbit No. _ .... . ...-__
_____ .... 

PACIFIC GAS AND ELECTRIC COMPANY 
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PETER W. G. MORRIS 


EVALUATION OF LARGE, 


COMPLEX PROJECTS 




'l'l;;STIMONY OF 

PETER W. O. MORRIS 

Q. 1. Please state your name. 

A. 1. Peter W. G. Morris 

Q. 2. By whom are you employed? 

A. 2. A. D. Little , Inc. 

Q. 3. Please descr'ibe your professional baCK.9rOund and 

experience. 

L A. 3. I am a project management consultant. I received my 

2 B.Sc. in Building and later an M.Sc. in construction 

3 Management and a Ph.D. in Project Management all 


4 
 from Manchester Universi ty, Enqland.. 1 have worked 

5 as a manager and consultant on a variety of large 

6 projects around the world, for example on telecom

7 munications projects in Iran and Egypt., petrochemi

.B cal projects in Europe and Algeria, a steel mill in 

.9 Brazil and information systems and construction 

projects in Europe, the USA and Mid East. I am aW 

n member of the Chart.ered tnsti tute of Building tlnd 

22 the Project Man~gement Instit.ute (PMI). I am a mem

23 ber of the Board of Advisors to the Master of 

24 Science in project Management degree program being 

25 established with PMI at Western Carolina University. 

26 I lecture and write frequently on project managemen~. 



111 Q. 4. please describe A. O. Little and your 

211 responsibilities within A. D. Little. 

311 A. 4. Arthur D. Little is one of the world's largest and 

most diverse research, engineering and management 

consul ting .organizations. Arthur D. Li ttle has 

4 

=

6 
 offices in Europe, the Mid East, South East and Far 

7 East Asia and Central and South America. Within 


e 
 Arthur D.Little there are several specialist groups 

9 including one which specializes in project and pro

10 gram management. 1 lead the international business 

11 activities of that group. I also specialize in the 

12 management of major construction projects. In addi

13 tion/ I am a· faculty member of Arthur D. Little's 

1411 Management Education Institute where I direct the 

lS11 elective course in projec~ management for the Master 

1611 of Science in Management degree. 

1711 Q. 5. What is the purpose of your testimony? 

18! I A. 5. My testimony provides a framework for evaluatin<;t 

19" large, complex proj ects like Diablo Canyon and 

2011 describes their management characteristics in 

21' I aggregate terms. 1 t also provides data which 

221! illustrates the range of cost and schedule 

23 eXperience for nuclear power plants currently under 

24 construction. 

25 III 

26 II/ 
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1 Q. 6. HOW is your testimony or9ani~ed1 

2 A. 6. First. I deSCl::ibe the nature of large I complex 

3 projects (LCPs) and show that nuclea.r power plants 

4 fit into this classification. Second, 1 present 

5 . data showing that cost and schedule overruns and 

6 unforseen problems are typical for LCPs. Nexl.., 1 

7 compare Diablo canyon with other nuclear power 

8 plants. Finally t I discuss the relevence of this 

9 comparison to the issue of the reasonable!ness of 

lO PGandEts overall management of Diablo canyon. 

11 Q. 7. How does your testimony relate to that filed by Mr. 

12 Jim Love of TB&A7 

13 A. 7. The two pieces are independent and address different 

14 issues. I have not reviewed the management of the 

15 fUnctional areas described by Mr. Love nor ha',re I 

16 engaged in a.comprehensive review of the, changing 

17 regulatory environment and its effects on Di 10 

18 Canyon. My t.estimony is a different way of 

19 determining whether Diablo Canyon fits within the 

20 range of similar types of projects. 

21 Q. 8. Please summarize your findings. 

22 A. B. My testimony establishes that Diablo Cany:::,,; ~s 

23 within the class of projects known as LCPs, or 1a e 

24 complex }J.t:v j ects . Such projects are likely to 

25 encounter u!1ique challenges, 

26 significant problems and sizable cost and S(;;:,~,;j e 

I 

-3



overruns - each of which is to be expected in an1 

LCP. The public record shows that other nuclear 

3 

2 

plants have encountered extensive schedule delays 

4 and cost overruns. The mere existence of problems 

or cost and schedule overruns, therefore, i.s neither 

6 

5 

a SUfficient nor a necessary indication that 

management performance was unreasonable. 

811 Q. 9. What is a large, complex project (LCP)? 

911 A. 9. As the name suggests, LCPS are very large 

10 

7 

(physically, financially, and organiZationally) and 

11 are technically and organizationally complex. They 

12 al;;'e typically subject to strong schedule pressures. 

13 Elecause theil;' size makes them so importan"t in 

14 social, economic, ecological and other ways, they 

15 often are particularly susceptible to external 

16 uncertainties and disruptions. They may also be 

17 first-of-a-kind, which increases their uncertainty 

18 and limits the historical base for their planning 

19 and estimating. 

20 This suscep~ibility to schedule pressure a~d 

21 changing outside factors is often referred to as 

22 volatility. In fact, size/complexity and 

2311 volatility are the three primary characteris~ics of 

2411 LCPs. 

2511 1/1 

261\ ill 
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Examples of LCl's may be found in large 

engineering and construction projects as well as 

defense, aerospace; product development, R~D, 

inforntation systems t telecommunica tion and other 

projects. 

Q. 10. 	What is unique about managing an LCP? 

A. 	 10. Both the scale of project size, complexity and 

volatility and the simultaneous interaction of these 

characteristics make LCPs particularly difficult to 

manage. 1\s t.hese factors increase I so does the 

likelihood of unanticipat~d events or the 

probability of errors or failure. It is this 
. 

greater chance of mistake of some ~ype that makes 

LCPS especially difficult to manage. The standards 

and processes of management e~aluation must take 

this into account. 

Q. 	 11. Can you give any examples of the effects on tepa of 

the types of factors that you have just described? 

A. 	 11. Yes. There are numerous examples of greater project 

size creating management difficulties which result 

in cost and schedule overruns .. For example: Once 

the size and complexity. of work on the Syncrudl!!! 

project in Alberta, Canada became apparent , the 

original estimate of $500 million grew to $2.3 

billion (thereby causing a dramatic restructuring of 

project ownership); the Trans-Alaska Pipeline System 
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(TAPS), the largest privately financed project ever, 

exceeded its early budget severalfold due to its 

size, enormous technical challenges and stringent 

regulation -- like Syncrude, this cost gro-,..tth caused 

a major restructuring of ownership; the North gast 

(Rail) Corridor ,Improvement ,Project suffered major 

schedule slippage, large cost increases and 

cut~backs in scope to hold down cost overruns due to 

difficulties in managing a project of such size and 

complexi ty; Chicago I s Tunnel and Reservoir PlzIn 

(TARP), one of the largest'infrastructure projects 

ever undertaken in the USA, suffered substantial 

cost gt"owth and schedule delay as we~l as major 

uncertainties over funding; the Apollo lunar program 

exceeded its large contingency budget; because of 

the unforeseen difficulties of working in such large 

and deep tunnels, New York water Tunnel Number 3 is 

currently 300 percent over its initial budget and is 

forecast to be 13 years later than· originally 

scheduled. 

A number of studies have confirmed that larger, 

more complex projects ha.ve greater percentage 

overruns than smaller projects, Regular reports by 

the General Accountin9 Office l ·forexample( -in the 

status of federaly funded acquisitions confirm thisi 

studies by the Universi ty of Cali fornia and the 
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American ~nterpriie Institute aimilarly confirm that 

larger projects experience larger percentage 

overruns. 

Technical complexity has been shown to increase 

the likelihood of delays and overruns. The North 
. 

Sea Oil program suffered substantial overruns; 

Concorde overran 700%; pilot energy and process 

plants have experienced overruns of 400%. These 

examples, as well as a series of studies by RAND I 

confirm the relationship between te.chnical 

complexity and cost 9.rowth. 

Combinations of external factors such as inter

venor action, schedule pressure and changing regula

tions (1. e.. volati 1i ty) have caused substantial 

overruns in many projects such as BART, the London 

Ring Road and the Supersoni~ Transport (SST). In 

particular, the rapid growth in regulatory controls 

has led to increased costs on many energy projects, 

especially the whole .U.S. nuclear program. 

Q. 12. Are nuclear power plants LCPs? 

A, 12. Yes. Designing and constructing a nuclear powel' 

plant is clearly a large and complex undertaking. 

often subject to external factors. More than any 

other type of Lep t over the last decade nuclear 

power plants have experienced a veritable explosion 

in the factors characteristic of LCPs. 

.. 7



1 For example I during the 19705 t there. was an 

2 upsurge in public concern over the safety and health 

3 risks of nuclear plants and a dramatic increase in 

4 the number of regulations imposed on the iJ'ld1.i.,Scry 

5 (often retroactively). As a result, the technical 

6 complex! ty and. uncertainty ot" the work increased 

7 significantly. At the same time, the large rise in 

B the rate of inflation made labor and materials costs 

9 and the cost of financing construction (AFUDC) 

10 increase enormously; as a resul t I pressures to. 

11 minimize schedule delays also rose steeply. 

12 Regulations prOliferated, intervention became more 

13 common, technical complexity increased an<l nuclear 

14 plant costs grew tremendously. The convergence and 

15 escalation of these factors in a comparatively short 

16 period of time has made nuclear power plants, such 

17 as Diablo canyon, a special class' wi thin the 

18 category of LCPs . It is a. class which has been 

19 subject.ed to the most intense 9rowth of project 

20 size, complexity and VOlatility. 

2111 Q. 13. Is there a basis upon which LCPs can be compared? 

2211 A. 13 ..since each LCP is unique, it is very difficult to 

2311 draw comparisons between them, In revi ewing 

2411 managenlent pel: [ormancc, each LeI' must be reviewed 

2511 based on the actual decisions and actions Vie\4ed in 

26 the context of the changed conditions encountered 
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and the 	time frame when such decisions were made. 

There are, however, three general characteristics 

common to all LCPs which can be, and often are, used 

as a basis 'for compar~son. These are: relative 

cost, schedule overruns experienced, and the 

incidence of problems I difficulties or mistakes 

encountered. 

Q. 14. 	Are these measures of management performance? 

A. 	 14. No', they are not. While they reflect both the 

challenges encountered on the project and the 

performance of management J they are not in 

themselves measures of management performance. 

Q. 	 15.. How does Diablo Canyon compare with. other nuclear 

power plants based upon the criteria you have just 

described for comparing LCPs. 

A. 15. Before reviewing this data, it shou~d be kept in 

mind that this is industry-wide data and a 

comparison of project results or outcomes. As suchl 

this data does not relate to the issue of management 

reasonableness nor to the reasonableness of the 

various costs incurred. 

Dollar per killowatt. 

Figure 1 shows the estimated cost pe~ killowatt 

for 50 plants including Diablo Canyon. The 

information was obtained from the Utili ty Data 

Institute (UDI) Washington, D.C. and represents 
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projected plant cost.s that were submitted to iJD! 

during 1983. Al though these represent the most: 

current data available, th~se plant costs are not 

contemporaneous with the $5.139 billion used fer 

Diablo Canyon which is current as of April, 1984. 

Diablo CanY,?l}'s rela.tive ranking is, tllerefore, 

conservatively shown to be less favorable than it 

actually is tOday. They show that the estima't.ed 

cost for Diablo unit 1 is ~2,5'l& per/kw and for 

Unit 2 $2,122 per/kw. The average (mean) for all S{ 

plants is $2,274 per/kw. There are 17 out of 48 

plants showing costs higher than Diablo Unit 1 and 

24 out of 49 plants Showing costs higher than OiablG 

Unit 2. The values for both'units lie well within 

the range of the other plant.; that is, on a dollar 

per killowatt basis Diablo Canyon is comparable to 

other like projects. 

Cost and schedule Overruns.---. . 

The tID I. aata also shows plant cost overruns of 

from 146% to 3183%. Using Diablo's current 

projected cost, it has an OVerrun of. 1.653% for 

Unit 1 and 1357% for Unit 2. Similarly, NUREO 00300 

schedule data shows overruns of from 0% to 455%; 

Diablo Unit 1 is 298% and Unit 2 is 152%. Each of 

these cost and schedule overruns is at the higher 

end of the range due to the fact that the base 

-10
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comparison used for Diablo is the early 1966 

estimate rat.her than the more appropriate 1971 

estimate and that Diablo canyon has experienced the 

longest construction/retrofit period of any plant 

now being built. The reasons for Diablo's delay are 

discussed in the testimony of Mr. Love. Diablo 

Canyon is but one of many nuclear plants under 

construction which have experienced severe 'cost and 

schedule ove~runs. 

Problems Encountered 

The follo ..... ing· are cXd!"lples of significant 

problems encountered at other nuclear plants, either 

under const:..x:-uctiol), or in operation. While each 

problem is unique, either individually or witnln a 

generic type, it is important to recognize that. 

problems of roughly similar magnitude have been 

encountered at manyot.her nuclear plants. 

(a) 	 Five operating nuclear plants were shut down by 

the NRC when it. was discovered that the i r 

architect-engineer used a computer code for: 

pipe stress analysis that produced results less 

cOllservative than was currently acceptable. 

The nuclear indus try and its regu 1a tors had 

approved use of the code at the time the plants 

were built, but when the piping was checked 

several years later results were obtained WhlCh 
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varied considerably from those originally 

calculated. A sampling method of reanalysis 

was intially unde.rtaken to determine the 

magni tude of the problem, but because the 

problem was so widespread a total reanalysis of 

"all 	 safety-related piping ~ystems and 

associated meChanical components was required. 

'l°he tot.al seismic reanalysis took several 

months and required extensive piping support 

modifications. 

(b) 	 In the early 1970's, many operational PWR 

plants experienced progressive deterioration of 

tubes in their steam generators after a few 

years of service. These generators were 

expected to have a trouble-free operating life 

of .40 years. ~his problem resulted in several 

generators having to be replaced and affected 

the construction of all PWR plants. The 

replacement program on operating plants 

typically required a year or more shutdown and 

an expenditure approaching the original cost of 

the pla.nt. Plants under construction were 

delayed several months while desi9n changes 

were developed. Schedules were then affected 

for an addi tional period while the required 

changes in the generators and associated 
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systems were implemented at a cost of several 

hundred million dollars per plant. 

(c) 	 Ouring the mid 1970 l s several nuclear plants 

which used steel baseplates and concrete 

anchorbol t.s in the piping support systems 

reported failures of these baseplates and bolts 

during system operation. When the baseplates 

were designed, engineering practice assumed. 

that these plates acted as a rigid body. With 

the introduction of more powerful computers and 

the more widespread use of finite-element 

method analysi S I the assumptions surrounding 

the rigidity of baseplates came into question. 

It wa5 learned that baseplates often behave in 

a flexible mode in certain uynamic loadins 

conditions, which explained why the b~seplates 

and bolts failed (putting at risk the integrity 

of the entire support and sar~ty-related piping 

systems). This problem caused the shutdown and 

the retrofit of many operating n~clear plants 

and delay to other nuclear plants in 

construction. 

(d) 	 'l'here are currently some eighteen nuclear 

plants whose operating licenses are being held 

up pending reliability testing of the 

T:cansamer iea Delal/el diesel genera tor uni t. 
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1. This unit provides emergency backup power to 

2 the plant's safety-related systems. AlthoU9h 

3 the NRC scrutinizes the performance and 

4 reliability of nuclear plant equipment, it is 

5 often several years after its purchase that the 

6 buyer realizes that his equipment may have 

7 "pl'oblems II • The purchasel's of the Delavel 

8 diesel generator have formed an "owner's group" 

9 to identify and correct problems and to prove 

10 the reliability of the unit. If the 

11 reliability claims cannot be sustained it is 

12 possible that all of these diesel generator 

13 units will have to be. replaced. 

1411 Q. 16. What is the si9nificance Ot comparing Diablo Canyon 

lS to other nuclear facilities in this manner? 

1611 A. 16. This kind of comparison shows that the mere 

17 existence of overruns and problems for Diablo is not 

18 in itself unusual. Virtually all Leps and nuclear 

19 power plant projects experience overruns and 

20 problems. It is essential to understand that the 

21 occurrence of problems and overruns is common for 

22 such projects. 

2311 Q. 17. what conclusions about the reasonableness of 

2·1 PGandE's management of Diablo Canyon can be drawn 

2511 from ~he comparisons that you have made? 

2611 III 
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17. The review that I have undert2!.ken. shows that Diablo 

Canyon is within the range of other comparable LCPs 

in the three key comparative areas of S/KW, cost and 

schedule overruns and incidence of signi [ican t 

problems. 

Especially when a project such as Diablo Canyon 

is wi thin the general range when compared to othet's 

in its class, one cannot concl ude that its 

management was prima facie unreasonable merely 

because the project suffered from problems or 
-

overruns, which arej to a very great degree, comJuon 

to its class. 
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Table 2.1: VJO Contract: Total Capacity Purchases (M~) 
Assuming no Cancellations 

SCHEDULE 

YEAR A B C-1 C-2 C-3 C-4 C-4 TOTAL 

-------------.~-------.- .. --------.-.----~- .. ------.-- ------------ ._------

1990 50 57 107 
1991 50 57 107 
1992 50 57 58 165 
1993 50 57 58 165 
1994 50 57 58 165 
1995 50 200 57 58 77 442 
1996 200 57 58 77 39 431 
1997 200 57 58 77 39 431 
1998 200 57 58 77 39 431 
1999 200 57 58 77 39 431 
2000 200 57 58 77 39 19 450 
2001 200 57 58 77 39 19 450 
2002 200 57 58 77 39 19 450 
2003 200 57 58 77 39 19 450 
2004 200 57 58 77 39 19 450 
2005 200 57 58 77 39 19 450 
2006 200 57 58 77 39 19 450 
2007 200 57 58 77 39 19 450 
2008 200 57 58 77 39 19 450 
2009 200 57 58 77 39 19 450 
2010 200 57 58 77 39 19 450 
2011 200 57 58 77 39· 19 450 
2012 200 57 58 77 39 19 4'50 
2013 200 77 39 19 335 
2014 200 77 39 19 335 
2015 200 77 39 19 335 
2016 39 19 58 
2017 19 19 
2018 19 19 
2019 19 19 
2020 19 19 

SOURCE: HQ Renseignement Requis 6(2)C. 



Table 2.2: VJO Contract: Total Energy Purchases (GWH) 
Assuming no Cancellations 

SCHEDULE 

YEAR 	 A B C-1 C-2 C-3 C-4 C-4 TOTAL 
...... _-_ .. ,..

---~-------------~-~----.-----------.-------~.---------.-----~----

1~1 58 250 308 
1991 350 374 725 
1992 350 374 254 979 
1993 350 374 381 1,106 
1994 350 374 381 1,106 
1995 234 438 374 381 84 1,511 
1996 1314 374 381 506 43 2,618 
1997 1314 374 381 506 256 2,832 
1998 1314 374 381 506 256 2,832 
1999 1314 374 381 506 256 2,832 
2000 1314 374 381 506 256 21 2,852 
2001 1314 374 381 506 256 125 2,957 
2002 1314 374 381 506 256 125 2,957 
2003 1314 374 381 506 256 125 2,957 
2004 1314 374 381 506 256 125 2,957 
2005 1314 374 381 506 256 125 2,957 
2006 1314 374 381 506 256 125 2,957 
2007 1314 374 381 506 256 125 2,957 
2008 1314 374 381 506 256 125 2,957 
2009 1314 374 381 506 256 125 2,957 
2010 1314 374 381 506 256 125 2,957 
2011 1314 374 381 506 256 125 2,957 
2012 1314 312 318 506 256 125 2,831 
2013 1314 506 256 125 2,201 
2014 1314 506 256 125 2,201 
2015 1095 422 256 125 1,898 
2016 214 125 338 
2017 125 125 
2018 125 125 
2019 125 125 
2020 104 104 

TOTAL 1,694 26,499 8,426 7,812 10,118 5,125 2,497 62,169 

NOTE: 	 Energy calculated as hours in year * MW (from Table 2.1) * 75% capacity factor. 
Schedule A calculated at 80% capacity factor. 



Table 2.3: VJO Contract: Total Firm Capacity Purchases (MW) 
Assumes maximum cancellation 

SCHEDULE 

YEAR A B C-1 C-2 C-3 C-4 C-4 TOTAL 
,.. ...... _-_ ... -----.----------------------------------_ ... _---------------------

1990 50 57 107 
1991 50 57 107 
1992 50 57 28 135 
1993 50 57 28 135 
1994 50 57 28 135 
1995 50 200 57 28 47 382 
1996 200 57 28 47 2.5 335 
1997 200 57 28 47 2.5 335 
1998 200 57 28 47 2.5 335 
1999 200 57 28 47 2.5 335 
2000 200 57 28 47 2.5 5.5 340 
2001 200 57 28 47 2.5 5.5 340 
2002 200 57 28 47 2.5 5.5 340 
2003 200 57 28 47 2.5 5.5 340 
2004 200 57 28 47 2.5 5.5 340 
2005 200 57 28 47 2.5 5.5 340 
2006 200 57 28 47 2.5 5.5 340 
2007 200 57 28 47 2.5 5.5 340 
2008 200 57 28 47 2.5 5.5 340 
2009 200 57 28 47 2.5 5.5 340 
2010 200 57 28 47 2.5 5.5 340 
2011 200 57 28 47 2.5 5.5. 340 
2012 200 57 28 47 2.5 5.5 340 
2013 200 47 2.5 5.5 255 
2014 200 47 2.5 5.5 255 
2015 200 47 2.5 5.5 255 
2016 2.5 5.5 8 
2017 5.5 6 
2018 5.5 6 
2019 5.5 6 
2020 5.5 6 

SOURCE: Notice to HQ of VJO Schedule C Elections, 30/11/88. 



Table 2.4: VJO Contract: Total Energy Purchases (GWH) 
Assumes maximum cancellation 

SCHEDULE 

YEAR A B C-1 C-2 C-3 C'4 C-4 TOTAL 
_......... -- ..... 

-----------~-------------.---------.--------.-------~- ------ .... -

1990 58 250 308 
1991 350 374 725 
1992 350 374 107 832 
1993 350 374 184 909 
1994 350 374 184 909 
1995 234 438 374 184 51 1,282 
1996 1,314 374 184 309 3 2,184 
1997 1,314 374 184 309 16 2,198 
1998 1,314 374 184 309 16 2,198 
1999 1,314 374 184 309 16 2,198 
2000 1,314 374 184 309 16 6 2,204 
2001 1,314 374 184 309 16 36 2,234 
2002 1,314 374 184 309 16 36 2,234 
2003 1,314 374 184 309 16 36 2,234 
2004 1,314 374 184 309 16 36 2,234 
2005 1,314 374 184 309 16 36 2,234 
2006 1,314 374 184 309 16 36 2,234 
2007 1,314 374 184 309 16 36 2,234 
2008 1,314 374 184 309 16 36 2,234 
2009 1,314 374 184 309 16 36 2,234 
2010 1,314 374 184 309 16 36 2,234 
2011 1,314 374 184 309 16 36 2,234 
2012 1,314 312 153 309 16 36 2,141 
2013 1,314 309 16 36 ',675 
2014 1,314 309 16 36 1,675 
2015 1,095 257 16 36 1,405 
2016 14 36 50 
2017 36 36 
2018 36 36 
2019 36 36 
2020 30 30 

TOTAL 1,694 26,499 8,426 3,756 6,176 329 723 47,601 

NOTE: 	 Energy calculated as hours in year * MW (from Table 2.3) * 75% capacity factor. 
Schedule A calculated at 80% capacity factor. 



Table 2.5: VJO Contract: Amount of Cancellable Energy (G~H) 

SCHEDULE 

YEAR A B C-1 C-2 C-3 C-4 C-4 TOTAL 

------------------------------------------------------------------ ..... _-----

1990 0 0 0 
1991 0 0 0 
1992 0 0 147 147 
1993 0 0 197 197 
1994 0 0 197 197 
1995 0 0 0 197 33 230 
1996 0 0 197 197 40 434 
1997 0 0 197 197 240 634 
1998 0 0 197 197 240 634 
1999 0 0 197 197 240 634 
2000 0 0 197 197 240 15 649 
2001 0 0 197 197 240 89 723 
2002 0 0 197 197 240 89 723 
2003 0 0 197 197 240 89 723 
2004 0 0 197 197 240 89 723 
2005 0 0 197 197 240 89 723 
2006 0 0 197 197 240 89 723 
2007 0 0 197 197 240 89 723 
2008 0 0 197 197 240 89 723 
2009 0 0 197 197 240 89 723 
2010 0 0 197 197 240 89 723 
2011 0 0 197 197 240 89 723 
2012 0 0 164 197 240 89 690 
2013 0 197 240 89 526 
2014 0 197 240 89 526 
2015 0 164 240 89 493 
2016 200 89 289 
2017 89 89 
2018 89 89 
2019 89 89 
2020 74 74 

TOTAL 0 0 0 4,056 3,942 4,796 1,774 14,568 

NOTE: Table 2.5 = Energy in Table 2.2 - Energy in Table 2.4. 



Table 2.6: VJO Contract: Cancellation Notice 

AMOUNT 
CANCEL LATI ON DELIVERY LEAD TIME CANCELLABLE 

SCHEDULE DEADLINE COMMENCEMENT (YEARS) (Mil) 
....... _.... - -_ .. - .. - .... ----""---- --- .. -_ ....  .-----,..-

[1] [2] [3] [4] 

C2 4/30/91 5/1/92 30 

C3 4/30/94 11/1/95 1.5 30 

C4 11/1/92 11/1/96 4 36.5 

C4 11/1/96 11/1/2000 4 13.5 

NOTE: [3] = [2] - [1]. 

SOURCE: Notice to HQ of VJO Schedule C Elections, 30/11/88. 



Table 2.7: NYPA Contract: Total Capacity Purchases (MW) 
Assuming no Cancellations 

BLOCK 

YEAR A B TOTAL 
-----------_ ... ------.------

1995 500 500 

1996 500 500 1000 

1997 500 500 1000 

1998 500 500 1000 

1999 500 500 1000 

2000 500 500 1000 

2001 500 500 1000 

2002 500 500 1000 

2003 500 500 1000 

2004 500 500 1000 

2005 500 500 1000 

2006 500 500 1000 

2007 500 500 1000 

2008 500 500 1000 

2009 500 500 1000 

2010 500 500 1000 

2011 500 500 1000 

2012 500 500 1000 

2013 500 500 1000 

2014 500 500 1000 

2015 500 500 1000 

2016 500 500 


SOURCE: HQ Renseignement Requis 6(2)C. 



-----------------------------

Table 2.8: NYPA Contract: Total Energy Purchases (GWH) 
Assuming no Cancellations 

BLOCK 

YEAR A B TOTAL 

1995 2,190 2,190 
1996 3,285 2,190 5,475 
1997 3,285 3,285 6,570 
1998 3,285 3,285 6,570 
1999 3,285 3,285 6,570 
2000 3,285 3,285 6,570 
2001 3,285 3,285 6,570 
2002 3,285 3,285 6,570 
2003 3,285 3,285 6,570 
2004 3,285 3,285 6,570 
2005 3,285 3,285 6,570 
2006 3,~85 3,285 6,570 
2007 3,285 3,285 6,570 
2008 3,285 3,285 6,570 
2009 3,285 3,285 6,570 
2010 3,285 3,285 6,570 
2011 3,285 3,285 6,570 
2012 3,285 3,285 6,570 
2013 3,285 3,285 6,570 
2014 3,285 3,285 6,570 
2015 1,095 3,285 4,380 
2016 1,095 1,095 

TOTAL 65,700 65,700 131,400 

NOTE: Energy calculated as hours in year * MW (from Table 2.7> * 75% capacity factor. 



Table 2.9: NYPA Contr~ct: Total Firm Capacity Purchases (MW) 
Assumes maximum cancellation 

BLOCK 

YEAR A B TOTAL 
-----_ .._------_ .._---------

1995 391 391 

1996 391 391 782 

1997 391 391 782 

1998 391 391 782 

1999 391 391 782 

2000 391 391 782 

2001 391 391 782 

2002 391 391 782 

2003 391 391 782 

2004 391 391 782 

2005 391 391 782 

2006 391 391 782 

2007 391 391 782 

2008 391 391 782 

2009 391 391 782 

2010 391 391 782 

2011 391 391 782 

2012 391 391 782 

2013 391 391 782 

2014 391 391 782 

2015 391 391 782 

2016 391 391 


SOURCE: NYPA Contract. 



Table 2.10: NYPA Contract: Total Energy Purchases (G~H) 
Assumes maximum cancellation 

BLOCK 

YEAR A B TOTAL 
_.--------------------------

1995 1,713 1,713 
1996 2,569 1,713 4,281 
1997 2,569 2,569 5,138 
1998 2,569 2,569 5,138 
1999 2,569 2,569 5,138 
2000 2,569 2,569 5,138 
2001 2,569 2,569 5,138 
2002 2,569 2,569 5,138 
2003 2,569 2,569 5,138 
2004 2,569 2,569 5,138 
2005 2,569 2,569 5,138 
2006 2,569 2,569 5,138 
2007 2,569 2,569 5,138 
2008 2,569 2,569 5,138 
2009 2,569 2,569 5,138 
2010 2,569 2,569 5,138 
2011 2,569 2,569 5,138 
2012 2,569 2,569 5,138 
2013 2,569 2,569 5,138 
2014 2,569 2,569 5,138 
2015 856 2,569 3,425 
2016 856 856 

TOTAL 51,377 51,377 102,755 

NOTE: Energy calculated as hours in year * M~ (from Table 2.9) * 75% capacity factor. 



Table 2.11: NYPA Amount of Cancellable Energy (G~H) 

BLOCK 

YEAR A B TOTAL 
.------- .. ~~-----.-.--.~-----

1995 477 477 
1996 716 477 1,194 
1997 716 716 1,432 
1998 716 716 1,432 
1999 716 716 1,432 
2000 716 716 1,432 
2001 716 716 1,432 
2002 716 716 1,432 
2003 716 716 1,432 
2004 716 716 1,432 
2005 716 716 1,432 
2006 716 716 1,432 
2007 716 716 1,432 
2008 716 716 1,432 
2009 716 716 1,432 
2010 716 716 1,432 
2011 716 716 1,432 
2012 716 716 1,432 
2013 716 716 1,432 
2014 716 716 1,432 
2015 239 716 955 
2016 239 239 

TOTAL 14,323 14,323 28,645 

NOTE: Table 2.11 = Energy in Table 2.8 - Energy in Table 2.10. 



Table 2.12: Existing ~ermont Contracts (GWH) 

YEAR CUC 1 CUC 2 VDPS VJO 1 vu TOTAL 

1990 239 o 1314 365 284 2,202 
1991 1314 237 1,551 
1992 1314 1,314 
1993 1314 1,314 
1994 1314 1,314 
1995 876 876 

SOURCE: 	 HQ Development Plan and Purchase Contracts 
End of VDPS is assumed as 8/31/95 to coincide with end date 
for Schedule A and begin date for Schedule B of proposed VJO Contract. 



Table 2.13: HQ Contracts as % of Total Vermont load 

PROPOSED VJO CONTRACT 
EXISTING 
CONTRACTS 

EXISTING & 

PROPOSED HQ 
CONTRACTS 
No Cancellations 

YEAR 
No Cancellation 
ENERGY PEAK 

~- ..--.-----... ----
[1] [2] 

Maximum Cancellation 
ENERGY PEAK 

---_. __ .. ----_.-.
[3] [4] 

Maximum 
ENERGY 

--------

Maximum 
ENERGY 

..... _...... _-

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

5.9% 
13.6% 
18.1% 
20.0% 
19.6% 
26.3% 
44.8% 
47.5% 
46.6% 
45.8% 
45.3% 

11.4% 
11.2% 
17.0% 
16.8% 
16.5% 
43.5% 
41.8% 
41.1% 
40.5% 
39.9% 
41.0% 

5.9% 
13.6% 
15.4% 
16.4% 
16.1% 
22.3% 
37.3% 
36.9% 
36.2% 
35.5% 
35.0% 

11.4% 
11.2% 
13.9% 
13.7% 
13.5% 
37.6% 
32.4% 
31.9% 
31.4% 
31.0% 
31.0% 

42.3% 
29.2% 
24.3% 
23.8% 
23.3% 
15.3% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 

48.2% 
42.8% 
42.3% 
43.8% 
43.0% 
41.6% 
44.8% 
47.5% 
46.6% 
45.8% 
45.3% 

NOTES: [1] : Table 2.2 I 
[2] : Table 2.1 I 
[3] : Table 2.4 I 
[4] : Table 2.3 I 

Vermont DPS 
Vermont DPS 
Vermont DPS 
Vermont DPS 

( 1988) Forecas t of G\oIH. 

(1988) Forecast of MW. 
( 1988) Forecast of GWH. 
(1988) Forecast of /oIW. 



Table 5.1 


Air Emissions of Various Electricity Sources 

(kilograms per MWh Delivered to Vermont or New York) 

Electricity Generation S02 Emissions CO2 Emissions 

Oil-fired (HQ Tracy, 
11,600 kJ/kWh with losses) 8.2 850 

Coal-fired (New Brunswick or 
ontario, 11,600 kJ/KWh with 
losses) 

21.7 1190 

Hydro (Quebec deforestation, 
includes 10% losses) 
delivered with losses) 

unknown 
(range 50-250) 

110 

Gas-fired cogeneration (U.S.) 
(6850 kJ/kwh) negligible 340 

Gas-fired combined cycle 
(8440 kJ/kwh) 

(U.S.) 
negligible 420 

Electricity Demand Reduction 
Conservation 
(Quebec or U. S . ) 

Dual Energy Systems [1] 
Gas-fired residential 
(67.5% efficiency) 

oil-fired residential 
(60% efficiency) 

Gas-fired commercial 
(75% efficiency) 

oil-fired commercial 
(75% efficiency) 

Light-oil industrial 
(80% efficiency) 

Heavy oil industrial 
(80% efficiency) 

0.0 o 

negligible 270 

0.7 440 

negligible 240 

0.6 350 

0.5 330 

4.6 330 

Notes and Assumptions: See next page. 



Assumptions for Table 5.1 

Light fuel oil 0.25% sulfur, heavy fuel oil 1.5% sulfur at Tracy, 
2.2% sulfur for industry, coal 2.5% sulfur. Assumptions as to 
percent carbon content and weight of fuel assumptions from Gleick 
et al., 1989. 

Notes 
[1]: Direct use by various types of customers in Quebec is based 

on Hydro-Quebec "buying-back" dual energy contracts to free-up 
electricity. VT PSB 5330 Discovery Response Attachment GN 2 (i) 
and (j) (Neveu) provides HQ's estimates of emissions relating 
to buy-back of dual-fuel contracts. HQ' s estimates of emissions 
from commercial and industrial systems are somewhat higher than 
the estimates in this table. 



Dual 

1987 

Residential 0.8 

Commercial 1.7 

Industrial 0.1 

Line losses 0.2 

Total 2.8 

Average MW 320 

Table 5.2 

Energy Consumption 
(Terawatt-Hours) 

1996 2001 

2.2 2.0 

2.7 2.3 

1.5 1.3 

0.5 0.5 

6.9 6.1 

790 700 



Table 5.3 


Alternate Fuel Use Reduced by Dual Energy Consumption 

(Petajoules) 


1987 1996 2001 

Residential [1] 4.4 12.2 11.1 

Commercial [2] 8.1 12.9 11.1 

Industrial [3] 0.4 6.8 5.8 

Total 13.0 31.9 28.0 

[1]: 5539 kJ/kWh delivered, 5081 kJ/kWh produced by utility. 
[2]: 4800 kJ/kWh delivered, 4404 kJ/kWh produced by utility. 
[3]: 4500 kJ/kWh delivered, 4206 kJ/kWh produced by utility. 
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Figure 2.1 

HQ Purchases as a % of Vermont Load 

100%~1------------------------------~-------------------. 

~ 

90% \--.............................................. 


80 0k \--............................................................................................................... 


70% 


60% 

50% 

40% \--.....................;:;.......................:!~ .................................................:: ........................?Ix...............,/:....:............................................................. 


30% 1-......................... 


20% 1-...........................................::::.::.;;::............. ,.. 


10% 

O%'~--~----~--~----~----~--~----~----~--~--~ 

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 


Year 

Proposed Max Energy -+- Proposed Min Energy 

-*- Current & Prop Max 


	1990 HQ Cree Testimony Marcus and Goodman



