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Ontario Hydro

Emission Reductions Credits from

Hydroelectric Station Upgrades
1.0 Creation Strategy Summary

Ontario Hydro’s 265 hydroelectric generating units operating in 69 stations date back to 1905 and have an average age of 60 years. The design and quality of the turbine components have steadily improved and computer aided design has enabled better predictions of velocity and pressure patterns occurring in the turbine runner.  Both the quality of steel and the manufacturing precision for turbine blades have also improved through metallurgical technology and computer aided machining. 

These technological advances in turbine design have resulted in opportunities to improve efficiency by manipulating the surface profiles and angles of the blades.  Installing new turbines and upgrading turbine runners has increased the installed capacity of Ontario Hydro’s hydroelectric generating units

Computerized peak efficiency controllers (see Appendix 3) used in conjunction with updated servo motors have improved the efficiency of the hydroelectric cycle in plants where major capital investments were not justified. This enables automatic or manual optimization of inflows for maximum generation output.

The emission reduction credits from the hydroelectric upgrades are associated with the displaced fossil generation resulting from increased baseload generation from hydroelectric. 

Between March 1995 and December 1997, 32 projects have been completed for a total increase in hydroelectric generation of 419,526 MWh. The associated emission reductions are as follows:

·  1,080 Mg of NO2

·  1,894 Mg of SO2

·     363 Gg of CO2

2.0 Source Identification
Company Name: Ontario Hydro, multiple sources (see Appendix 1) 

Company Contact: 
Brian Jantzi




Ontario Hydro, Genco




700 University Avenue (H15-G27)




Toronto, Ontario




M5G 1X6

3.0 Quantification of Emission Reductions

3.1  Baseline Emission Determination

The baseline emissions are the historic average fossil emissions per megawatt hour as the increased hydroelectric generation offsets fossil generation. 

The fossil emission rates for 1995 to 1997 are shown in Table 1.

 Table 1 Fossil Emission Rates











Year
NO2 (kg/MWh)
SO2 (kg/MWh)
CO2 (kg/MWh)

1995
2.44
4.17
870

1996
2.66
4.17
890

1997
2.55
4.77
850

  3.2 Emission Reduction

For every extra megawatt produced from hydroelectric a megawatt of fossil generation is not required.  Refer to Appendix 1 for the listing of completed hydroelectric projects.  Appendix 2 shows the increased output (MWh)

3.3 Data Integrity  

The increase in hydroelectric generation was modeled based on 40 years of historical data (power output  to water inflow). The modeling is considered to be conservative. 

Actual hydroelectric metered generation in 1996 was 37,560 GWh. This represents an increase of 2,020 GWh over the average metered hydroelectric generation between the years 1988 to 1995. The most power generated during this period was 36,800 GWh in 1993. 

For hydroelectric projects the first year of savings is underestimated by 30 to 50%. This is due to in service dates (see Appendix 2) actually reflecting the date a project was reported. Any increase in saving and the subsequent ERCs created are to the benefit of the environment.

Using modeled increased generation as opposed to metered was chosen for this protocol as metered results would require extensive calculations on a daily basis at the 32 hydroelectric units.  For accuracy the daily metered output would have to be calculated back to a baseline generation using actual water levels to determine the increased generation resulting from the upgrades.  By using the 40 year average water levels the increased generation from these initiative will be accurate over time. 

It is reasonable to assume that Transmission losses will increase with hydroelectric reducing fossil requirements as fossil station tend to be closer to load centers and transmitted at higher voltages (losses on the retail side would be unchanged).  Calculating the differences in losses would be difficult.  This protocol agrees that the losses would be greater however  no attempt has been made to quantify the difference. 
3.4  Sample Calculation

ERCs are calculated by determining the increased generation (see Appendix 2) resulting from the hydroelectric upgrades. The increased generation is multiplied by the fossil emission rates shown in Table 1.

3.5 ERCs Created

The ERCs created from the Hydroelectric upgrades are shown in Table 2.  

Table 2


Emission Reduction Credits

Year
NO2 Ozone ERCs (Mg)
NO2 Non Ozone ERCs (Mg)
SO2 ERCs (Mg)
CO2 ERCs  (Mg)

1995
51
71
208
43,253

1996
137
211
544
116,138

1997
256
354
1142
203,419

4.0  Demonstration of Surplus

The hydroelectric plant upgrades form part of the In-House energy efficiency program strategy.  The program “makes good business, economic and environmental sense as it reduces costs, makes more energy available for sale, reduces emissions and increases profitability”
. 

The Ontario Environmental Protection Act (Regulation 355) limits Ontario Hydro's combined total emissions of SO2 and NOx to 215,000 Mg. Of the 215,000 total, SO2 emissions are limited to 175,000 Mg.  Table 3. Shows Ontario Hydro’s actual emissions for the years 1995 to 1997.

Table 3.

Ontario Hydro Historic Emissions

Year
SO2 Emission (Mg)
NOx Emissions (Mg)
Total Acid Gas Emissions (Mg)

1995
74,500
29,000
103,500

1996
84,857
35,364
120,221

1997
123,578
43,098
166,676

Ontario Hydro has made voluntary commitments to reduce NOx and CO2 emissions by the year 2000. 

Ontario Hydro’s CO2 emissions will be stabilized at 1990 levels of 26 Tg by the year 2000. 

The 1995 NOx Management Plan submitted to the  Ontario Ministry of Environment confirmed an earlier commitment to reduce NOx emission to 38,000 Mg by the year 2000. 

Ontario Hydro is operating within current emission regulations so the emission reductions created are early and surplus.

5.0  Demonstration of Real

Increased hydroelectric generation reduces the requirement to run fossil stations. Ontario Hydro’s dispatch order has Nuclear station operating first, then hydroelectric followed by fossil. Any increases in hydroelectric generation reduces the need for Fossil. Even in light of the Nuclear Recovery Program the increased  generation by hydroelectric (1 TWh) reduces fossil requirements by 1 TWh.  

Over the course of the Nuclear Recovery Program  (1998 to 2000) Fossil generation will increase will increase to make up any shortfall of electricity. ERCs creation  from hydroelectric upgrades during this period will continue as long as Ontario Hydro remains within its regulated emission limit and Fossil capacity is available to generate energy equal to the increased energy available in hydroelectric.
5.1  Other Operational Effects

The increased generating capacity of the hydroelectric stations has had no operational effect other than reducing fossil generation. Ontario Hydro’s hydroelectric stations continue to meet base load requirements.

5.2  Impacts on Other Pollutants

Hydroelectric generation is a non-emitting source of electricity. No negative impact on other pollutants would be expected from increased hydroelectric generation 

6.0 Criteria for Evaluation

Criterion
Pros
Cons

Real
· Energy savings are well documented, verified and audited.

· Calculations are based on efficiency gained by upgrading of equipment and process


Quantifiable
· Savings are based on 40 years of historical baseline data.
· Modeled not actual

Surplus
· The In-House program was/is voluntary.

· Below voluntary commitments.


Verifiable
· Modifications are in service
 

Duration
· A major component of all In-House projects is that there be a 10 year minimal duration.


Appendix 1

Hydroelectric Plant Upgrades, Station and Description

ID #
in service date
Station
Project Description

4099717
01-Mar-95
Chenaux GS
 Unit 8 Turbine & Transformer Replacement

4099706
01-Jun-95
R H Saunders GS 4
Unit G7:  Turbine Replacement

4099710
01-Jun-95
Seymour GS
 Turbine Replacement

4099716 *
30-Jun-95
Alexander GS
Increase in Winter Generation

4099708 *
01-Sep-95
Cameron Falls GS
Turbine Replacement

4099709
01-Oct-95
Sir Adam Beck  1 GS
Generating Unit 6 

4099714
27-Oct-95
R H Saunders GS 
Conversion Effectiveness-Other Load Saved

4099715 *
27-Oct-95
Alexander GS
Conversion Effectiveness -Optimum Dispatch

4099713 *
27-Oct-95
Cameron Falls GS
Conversion Effectiveness -Optimum Dispatch

4099718
02-Nov-95
R H Saunders GS 
Turbine and Transformer Upgrade

4401179
14-Nov-96
R H Saunders GS 
Peak Efficiency Controller

4401168
14-Nov-96
R H Saunders GS 
Portable Inspection Platform

4401170
14-Nov-96
R H Saunders GS 
Runner Replacement Unit 15

4401173
14-Nov-96
Sir Adam Beck  2 GS
Runner Replacement Unit 17

4401176
14-Nov-96
Sir Adam Beck 2 GS
Transformer Upgrade Unit 17

4401152 *
14-Nov-96
Red Rock GS
Peak Efficiency Controller

4401160 *
14-Nov-96
Aguasabon GS
Peak efficiency controller

4401164 *
14-Nov-96
Manitou Falls GS
Peak Efficiency Controller

4401175 *
14-Nov-96
Pine Portage GS
Runner Replacement Unit 1

4401177
14-Nov-96
Barrett ChuteGS
Transformer Upgrade

4401151
14-Nov-96
Chenaux GS
Runner Replacement (Unit 1)

4405422 *
01-Jan-97
Caribou Falls GS
Peak Efficiency Controller

4405421
01-Jan-97
Chenaux GS
Peak Efficiency Controller

4405420
01-Feb-97
Des Joachims GS
Peak Efficiency Controller

4405423
01-Mar-97
Chenaux GS
Runner Replacement Unit 3

4405424
08-Apr-97
R H Saunders GS
Runner Replacement Unit 11

4405562 *
25-Sep-97
Aubrey Falls GS
Peak Efficiency Controller

4405899
30-Sep-97
Sir Adam Beck 2 GS
Runner Replacement Unit 18

4401173
17-Oct-97
Sir Adam Beck 2 GS
Runner Replacement Unit 17

4099711*
27-Oct-97
Pine Portage GS
Conversion Effectiveness -Optimum Dispatch

4406029 *
12-Nov-97
Abitibi Canyon
Runner Replacement for Unit 1

4406028*
12-Nov-97
Pine Portage GS
Runner Replacement on Unit 2

* Hydroelectric plant in the Northwest Plant Group. Emission reductions associated with plants in this geographic area would not impact on smog in southern Ontario. Referring to Appendix 2 all NOx from these facilities show only non ozone reductions. 

Appendix 2  Increased Energy from Hydroelectric Upgrades by Year

1995

MWh Annual
KWh/day
Days I/S
Ozone
Non Ozone
Ozone
Non Ozone

ID #
in service date
Increase
Increase
1995
Days
Days
MWh 
MWh

4099717
01-Mar-95
8899
24381
306
183
123
4462
2999

4099706
01-Jun-95
26301
72058
214
122
92
8791
6629

4099710
01-Jun-95
22600
61918
214
122
92
7554
5696

4099716 *
30-Jun-95
3561
9756
185
0
185
0
1805

4099708 *
01-Sep-95
8600
23562
122
0
122
0
2875

4099709
01-Oct-95
5400
14795
92
0
92
0
1361

4099714
27-Oct-95
6000
16438
66
0
66
0
1085

4099715 *
27-Oct-95
2000
5479
66
0
0
0
362

4099713 *
27-Oct-95
3000
8219
66
0
0
0
542

4099718
02-Nov-95
33796
92592
60
0
60
0
5556















1995 Total Increased MWh


20,807
28,910






ERCs (Mg)
NO2
51
71







SO2
87
121







CO2
18,102
25,151











1996

MWh Annual
KWh/day
Days I/S
Ozone
Non Ozone
Ozone
Non Ozone

ID #
in service date
Increase
Increase
1995
Days
Days
MWh 
MWh

4099717
01-Mar-95
8899
24381
365
182
183
4437
4462

4099706
01-Jun-95
26301
72058
365
182
183
13114
13187

4099710
01-Jun-95
22600
61918
365
182
183
11269
11331

4099716 *
30-Jun-95
3561
9756
365
182
183
0
3561

4099708 *
01-Sep-95
8600
23562
365
182
183
0
8600

4099709
01-Oct-95
5400
14795
365
182
183
2693
2707

4099714
27-Oct-95
6000
16438
365
182
183
2992
3008

4099715 *
27-Oct-95
2000
5479
365
182
183
0
2000

4099713 *
27-Oct-95
3000
8219
365
182
183
0
3000

4099718
02-Nov-95
33796
92592
365
182
183
16852
16944

4401179
14-Nov-96
3000
8219
48
0
48
0
395

4401168
14-Nov-96
11785
32288
48
0
48
0
1550

4401170
14-Nov-96
24100
66027
48
0
48
0
3169

4401173
14-Nov-96
19463
53323
48
0
48
0
2560

4401176
14-Nov-96
2000
5479
48
0
48
0
263

4401152 *
14-Nov-96
500
1370
48
0
48
0
66

4401160 *
14-Nov-96
1000
2740
48
0
48
0
132

4401164 *
14-Nov-96
500
1370
48
0
48
0
66

4401175 *
14-Nov-96
10300
28219
48
0
48
0
1355

4401177
14-Nov-96
300
822
48
0
48
0
39

4401151
14-Nov-96
5643
15460
48
0
48
0
742















1996 Total Increased MWh


51,357
79,135






ERCs (Mg)
NO2
137
211







SO2
214
330







CO2
45,708
70,430
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1997

MWh Annual
KWh/day
Days I/S
Ozone
Non Ozone
Ozone
Non Ozone

ID #
in service date
Increase
Increase
1997
Days
Days
MWh 
MWh

4099717
01-Mar-95
8899
24381
365
182
183
4437
4462

4099706
01-Jun-95
26301
72058
365
182
183
13114
13187

4099710
01-Jun-95
22600
61918
365
182
183
11269
11331

4099716 *
30-Jun-95
3561
9756
365
182
183
0
3561

4099708 *
01-Sep-95
8600
23562
365
182
183
0
8600

4099709
01-Oct-95
5400
14795
365
182
183
2693
2707

4099714
27-Oct-95
6000
16438
365
182
183
2992
3008

4099715 *
27-Oct-95
2000
5479
365
182
183
0
2000

4099713 *
27-Oct-95
3000
8219
365
182
183
0
3000

4099718
02-Nov-95
33796
92592
365
182
183
16852
16944

4401179
14-Nov-96
3000
8219
365
182
183
1496
1504

4401168
14-Nov-96
11785
32288
365
182
183
5876
5909

4401170
14-Nov-96
24100
66027
365
182
183
12017
12083

4401173
14-Nov-96
19463
53323
365
182
183
9705
9758

4401176
14-Nov-96
2000
5479
365
182
183
997
1003

4401152 *
14-Nov-96
500
1370
365
182
183
0
500

4401160 *
14-Nov-96
1000
2740
365
182
183
0
1000

4401164 *
14-Nov-96
500
1370
365
182
183
0
500

4401175 *
14-Nov-96
10300
28219
365
182
183
0
10300

4401177
14-Nov-96
300
822
365
182
183
150
150

4401151
14-Nov-96
5643
15460
365
182
183
2814
2829

4405422 *
01-Jan-97
1000
2740
365
183
182
0
1000

4405421
01-Jan-97
1500
4110
365
183
182
752
748

4405420
01-Feb-97
1500
4110
334
183
151
752
621

4405423
01-Mar-97
5023
13762
306
183
123
2518
1693

4405424
08-Apr-97
25100
68767
268
175
93
12034
6395

4405562 *
25-Sep-97
500
1370
98
6
92
0
134

4405899
30-Sep-97
24838
68049
93
1
92
68
6261

4401173
17-Oct-97
5375
14726
76
0
76
0
1119

4099711
27-Oct-97
3000
8219
66
0
66
0
542

4406029 *
12-Nov-97
35200
96438
50
0
50
0
4822

4406028
12-Nov-97
8100
22192
50
0
50
0
1110





1997 Total Increased MWh


100,536
138,781






ERCs (Mg)
NO2
256
354







SO2
480
662







CO2
85,455
117,964
















1995 to
1997 totals









Totals









NO2
1,080
Mg







SO2
1,894
Mg







CO2
362,810
Mg

� Results Tracking, 1994 Guidelines, Energy Services, In-House Energy Efficiency.
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