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OUTLINE

Purpose

* Facilitate IPP suppliers
* Provide information on our Transmission System plan
* Provide drivers for interconnection costs & examples
« Provide general information on interconnection process
* Answer questions

Agenda

« Drivers for Transmission System Investment

« Transmission System Development Plan

* Interconnection Costs

«  Examples

« Transmission & Interconnection Planning Process



Drivers for
Transmission
System
Development



Transmission
IS built to
deliver
power &
energy to
the load,
and
integrate
generation.



DRIVERS FOR INVESTMENT

- Growth in the large industrial load sector

« General provincial load growth

+ Changes to generation (additions and retirements)
* Infrastructure sustainment

« Compliance with regulatory / reliability standards

* Open Access Transmission Tariff (OATT)



DRIVERS - LOAD

Resource-
based
economy

Pipelines










LOAD GROWTH — DETAILS
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DRIVERS - GENERATION



WIND - POSSIBLE FUTURE

+ Pan-Canadian Wind Study — Targeted Penetration




CAPACITY MIX - EXISTING
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CAPACITY MIX - 2025
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REGIONAL GENERATION CAPACITY & PEAK LOAD
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Transmission



Short Term Investment



Medium Term Investment



Potential Costs



COST - COMPONENTS & DRIVERS

* Physical interconnection cost:
« Cost to physically interconnect to the system
* System upgrade cost:
« Cost to upgrade the system to deliver power and energy
* Drivers for costs:
* Cost allocation methodology
* Plantsize, technology, controllability, location, timing, etc.
« Type of service needed
* Firm - abillity to inject power and energy over a wide
range of operating conditions
* Non-firm - ability to inject energy only on an as-

available basis
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DRIVERS FOR LOWER COSTS

Typical drivers for lower physical interconnection costs:

Project close to existing or committed transmission or distribution
infrastructure ($/km impact)
« Buffer zone needs to be left with our facilities.
*  Proxy buffer 1 km for transmission, 0.1 km for distribution
«  Communications available in the local area (typically a $/km
impact)
« Distribution connections - sub-station is effectively grounded on the
transmission side ($ impact)
Local area asset condition is good ($ impact)
Local area has no permitting or construction issues for new facilities
* Environmentally sensitive areas

* Mining reservations
24



TYPICAL LINE COSTS - RELATIVE

25 kV S 70,000 / km S 200,000 / km

Overhead <5 km Overhead >5 km
72 or 138 kV S 525,000 / km S 445,000 / km
230 kV S 590,000 / km S 470,000 / km
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OTHER COSTS - COMMUNICATIONS

«  Communications exists at all transmission switching stations
- SaskPower has an extensive fibre network

Fibre
(standard) 525,000 / km $ 80,000

Radi Cost varies with topology. Can be
adio
cost competitive for smaller projects.
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OTHER COSTS - STATIONS

NEUTRAL

GROUNDING 1.5
TRANSFORMER

{3\ IR e [o)'B8 0.7 (depends on complexity
SCHEME of scheme)
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http://pioneertransformers.com/products/grounding-transformers

SOLAR INTENSITY / WIND SPEED
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POTENTIAL LOWER COST DISTR. SITES

Riverhurst
Grenfell
-
- Morse Creek New [ ]
| Rushlake Red Jacket
Antelope

..

Halbrite West

I Costello
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DRIVERS FOR LOWER COSTS

Typical drivers for lower system upgrade costs:

Plant size matches capabillity of transmission and distribution
facilities in the local or regional area
Regional area’s generation to load ratio — more load than
generation
- Close to aload centre
* major population centres — Saskatoon , Regina
* major industrial customers
Low interaction with other control systems at other sites -
HVDC, SVS, etc.
System operating impacts
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CAPABILITY OF T&D FACILITIES
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LINES — EXISTING SYSTEM

Typical Physical
Connectivity

Key Lak
up to5to 10
Lindsay
up to 30
g
- up to 100
- r= 100 - 350
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TRANSFORMERS — EXISTING SYSTEM

Transformer | Nameplate Range | Typical
(kV) (MVA) (MVA)
72-25 2to 20
Key Lake
\w 138-25 15 to 50 25
o Bl - -
138-72 30to 120 90
230-138 150 to 350 150 or 300
N
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SHORT CIRCUIT AVAILABILITY

Existing System (System Intact)

. Bus (kV) Range (MVA) Median (MVA)
gi Key Lak

o | 18 - 507 106

100 ! Lindsay

005
Time (s)

s 180 — 2330 712
g
-— 240 - 5400 1031
T—.
- 340 - 6030 1855
N\
7 -
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REGIONAL GENERATION VS PEAK LOAD




lllustrative
Cost
Examples



Typical
Red Jacket

Morse
Creek

Antelope

Rushlake
(34.5kV)

10MW PV - DISTRIBUTION

Exploratory Cost
Range

(SM +100%/-50%)
2.5-8
0.5-2
4.5-6

45-6
45-6

0.5-2

IPP site close to an existing sub-station.
Construction power costs not included.

Physical Interconnection

1or 10 km 25kV line ($70k/km) — cost driver
1 or 10 km fibre ($25k/km)

Protection, automation, & control
additions

System Upgrades

Addition of a new transformer at some
sites — cost driver

10MW lower risk of additions
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10MW PV or 25MW WIND - TRANSMISSION

IPP site close to 138kV radial line

' ial line. Exploratory Cost
Construction power costs not included. (SM +100%/-50%)

IPP has its own 138kV switchyard. Lme Trans. 0.525
Physical Interconnection 0

1km 138kV line ($525k/km < 5km) - cost m 0

driver

1 km fibre ($25k/km + fixed costs) — 0.11
assume fibre in local area Protection,

Protection, automation, & control Automation, & 1.04
additions

Control

System Upgrades
Remedial action scheme.

1.68
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25MW WIND - DISTRIBUTION

IPP site close to 138kV grid line.
Construction power costs not
included.

Physical Interconnection

1km 138KV line ($525k/km < 5km) -

cost driver
1km 25kV line ($70k/km)

1 km fibre ($25k/km + fixed costs) —

assume fibre in local area

Protection, automation, & control

System Upgrades
New sub-station — cost driver
Remedial action scheme.

Exploratory Cost

Protection,
Automation, & 0.8
Control
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200MW WIND - TRANSMISSION

IPP site close to a 230kV grid line.
Construction power costs not
included.

IPP has its own 230kV switchyard.
Physical Interconnection

1km 230kV line ($590k/km < 5km) -

cost driver

1 km fibre ($25k/km + fixed costs) —

assume fibre in local area
Protection, automation, & control

System Upgrades

New station — cost driver
Remedial action scheme.
Potential for new lines — cost risk.

Exploratory Cost
(SM +100%/-50%)

Line — Trans. 0.59

0

m 9 (new grid station)

0.19

Protection,
Automation, & 1.2

Control

__ Total 1

40



200MW WIND - TRANSMISSION

IPP site close to a 230kV station.

Exploratory Cost
Construction power costs not included. (SM +100%/-50%)

IPP has its own 230kV switchyard. :

: . Line — Trans. 0.59
Physical Interconnection : .
Tkm 230kV line ($590k/km < 5km) - cost Ll bl 0

driver m 3 (new breaker
1 km fibre ($25k/km + fixed costs) — position)
assume fibre in local area 0.19

Protection, automation, & control Protection,

System Upgrades Automation, & 1.2
Remedial action scheme. Control
Potential for new lines — cost risk.
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Transmission
&
lnterconnection
Planning Process




TRANSMISSION PLANNING - WIDE VIEW



TRANSMISSION SYSTEM PLANNING



LIFE CYCLE PLANNING




SYSTEM DEVELOPMENT PLAN

Sustainment
Program
eg. Replacements

Transmission Customer Connect
Transmisison Facilities Modifications
eg: Need Customer Contract

Steady State System Intact Issues
N-0 Violation
eg: Distribution load Increases

Reliability related
N-1 type events
eg. Tx adequacy

Relliability related
N-1-1, N-2.. Etc
eg: RAS for N-2 events

Opportunity/Economic/Misc
Project Coordination

Strategic Initiatives

Firm
Contracts in place
Probability of proceeding: 90%+

Contingent

Agreemements not in place yet
Part of Integrated plans
Probability of proceeding: 50%+

Potential

Possible Projects

Long term strategic initiatives
Low probability projects

Project Type Model Build

Program

< < << <|<<=<<<|<




INTERCONNECTION STUDY & PROCESS

» .

» Interconnection study - technical analysis
* Interconnection service request - information
* Exploratory study - conceptual planning
« System impact study - project planning
« ldentify physical interconnection facilities
« System impact analysis
« |dentify system upgrade facilities
- Estimated project costs and schedule
* Facilities study - project design & build
* Project definition
* Risks, costs, schedule, & delivery
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TIME FRAME OF INTEREST

| HVDC Steady State
SVS Steady State
I &V Load ) P & Q Load

| Re-dispatch
| Manual Taps & Shunts

Automatic Taps & Shunt Changed

X7 X’ > | H >| Generation - Droop >| Area Interchange
Short Circuit > | Optimal Power Flow

Stability >
Long Term Dynamics >

VVVVYV VYV

| System & Asset Standards / Interconnection Requirements >

-1l

12 5 10 20 60 2 5 10 20 60 5 10 20 60
CYCLES SECONDS MINUTES




SYSTEM INTERACTIONS

Self Restoring Load

HVDC HVDC Aux Control | >
| >| > Automatically Controlled Manual Line and Shunt
Shunt Switching
SvC | > | >
|:> LTC’s Manual Controlled Taps
Inertial Dispatch |:> | >
Relay Controlled Action |:> Governor Boiler AGC Operator Dispatch

| > | > | > L > >

MEL
Sub-Transient D
D Machine Transient AVR VAR Limits Enforced

| > | > >
=_-—tlt44——j—]— 0¥

12 5 10 20 60 2 5 10 20 60 5 10 20 60
CYCLES SECONDS MINUTES




TIME FRAME OF INTEREST

W l8oce U

| System & Asset Standards |/ Interconnection Requirements >

Interconnection & Transmission Service Agreements >

System/Capital Planning >

System Economics >

Asset Management >

==

12 5 10 20 60 2 5 10 20 60 5 10 20 60
HOURS DAYS Years




PROJECT DELIVERY PROCESS



Thank you
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