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1 Summary and Conclusions

1.1 Summary and key findings

This study examines largeale wind power development in the Maritimes
Area in a regional context and examines how Danish experiences withydeplo
ment of large amount of wind power could be utilised in a Canadian context.

The study indicates sigficant benefits to New Brunswick as well as
neighbouring jurisdictions from a deployment of 5,500 MW of wind power
capacity in the Maritimes Area towards 2025. This includes 24000 MW in
New Brunswick, 50@,500 MW in Prince Edward Island an@d-2,500 MW in
Nova Scotia. Exploiting this potential for wind power will bring economic benefits
to the Maritimes provinces as well as New England. Québec may profit from pr
viding balancing power. Furthermore, wind power deployment will contribute to
the security of supply of the region, it will be part of a climate change strategy,
and it may bring benefits to the local environment by reducing air pollution.

The reasons for these benefits are several:

1 New Brunswick and the Maritimes Area have vergdywind ie-
sources, yielding wind power capacity factors of up to 40 percent

9 The current fuel price level provides a strong incentive to invest in
technologies with low or no fuel costs. Wind power generation in the
Maritimes will mainly replace productidnom existing oil or gas fired
power plants with low efficiency in the region

1 Carbon regulation and Renewable Portfolio Standards in the regions
improve the competitiveness of wind power and provide security of
demand for wind power and other non carbon #&timg technologies

9 Electricity demand is projected to continue to grow in the region in a
situation where it is difficult to find sites for new generation capacity
in New England, including coal power plants, nuclear power and wind
power plants

The poteantial of 5,5007,500 MW wind power is attractive to develop in a fuel
price scenario of 120 USD per bbl crude oil, as well as a fuel prices scenario in the
order of 60 USD per bbl. In the case of low fuel pricesi@@@ation and Rene-
able Energy Portfaistandards will become the main economic drivers for the
wind development.



In order to maximise the value of wind power in the electricity market and to
provide balancing power at reasonable costs, a high level of cooperation between
the markets in the Matimes Area and the neighbouring systems of New England
and Québec is essential. This applies to the day to day operation of systems and
markets as well as to the lorftgrm planning for new wind power capacity and
new infrastructure. Further studies ofdd flows and the dynamic behaviour of
the electricity system will be needed as part of the deployment process.

Efficient utilization of the existing transmission grid in the region allows for
large scale integration of wind power. However, with incregsinnd power
penetration the study indicates that it will be economically attractive to increase
the transmission capacity between the electricity systems within the Maritimes
Area as well as to load centres in New England.

Danish experiences from develag an energy system with a large amount of
wind power show that the following measures are required in order to harvest
the full benefits of a largscale deployment of wind power:

1 Preparing a comprehensive wind development plan for New &run
wick (and theMaritimes), including

o longterm targets for wind power

0 proper physical planning to develop sites with good wind
conditions

0 regulation ensuring that grid access is provided at reasonable
costs not disfavouring wind power as a fluctuating energy
source

0 a drategy on how to harvest industrial benefits of largeale
wind power

0 A strategy for incentives to invest in wind power, including a
strategy for local involvement and ownership. A key question
concerns what role the government of New Brunswick, the
utilities and electricity consumers of New Brunswick should
play with respect to stimulating investments in new wind
power capacity. Looking at mechanisms whereby electricity
consumers and wind power developers share the risks and
benefits of the large investamts required is recommended.

1 Revising existing market design and restructure the market to allow
for a higher level of competition and more efficient utilization af ¢
pacity within New Brunswick and across interconnectors.

1 Improving the integration of thelectricity markets in the Maritimes
and the neighbouring systems of New England and Québec in order to
maximise the value of the wind power in the region and to provide
balancing power. The long term goal should be an efficient market
coupling between te markets or even a common electricity market

9 Continuing the restructuring process for the electricity sector in New
Brunswick, including the evolvement of a strong system operator able



to integrate wind power into the system and being engaged m-co
prehersive longterm system planning together with research, deve
opment and demonstration activities. As part of this process it should
be considered to establish a transmission system operator with-ow
ership of the transmission grid and interconnectors.

1 Strergthening the efforts in development of the energy cooperation
with neighbouring provinces and states, including development of a
regional transmission expansion plan. A regional energy study could
be one of the tools for evolving a common understandinthefchd-
lenges and possibilities for the future energy system in the North
eastern part of North America.

These measures will not evolve by themselves. Strong political leadership and
cooperation is needed throughout the region and particularly in Atta@tnada.
In New Brunswick, given the evolution of renewables, rising cost of fossil fuels and
the experience to date with market s@gulation since 2004the present sita-
tion calls for the political will to effect further restructuring in the electyicec-
tor that supports the notions of the providing New Brunswickers with reliable,
reasonably priced and environmentally sustainable supply of electricity and pr
moting the ability for the province to host additional generation development for
the beneft of domestic and regional markets

A firm strategy for a true market opening process will be needed, allowing for
more market players, more liquidity in the market and more transparent eléctric
ty prices. Such strategy cannot be achieved withouegional consensus at the
political level on the future path to evolve the whole energy system in the region

The integration of large amount of wind power in the Maritimes is not poss
ble without a close cooperation with the neighbouring systems onruatay,
market rules, utilization of interconnectors and the establishing of new trasismi
sion lines. The development of the regional cooperation requires a strong effort
from political level as well as from the system operators in the region. \&/e re
ommend a0 open process with an extensive dialogue with all relevantestak
holders in New Brunswick and in the region as a whole with the New Brunswick
Department of Energy as spearhead for this process.

The implementation of most of the above mentioned measurdksnet only
benefit wind power integration. It will also facilitate the whole New Brunswick
vision for an energy hub and help it realize its full potential.

At present a window of opportunity has emerged in the Maritimes area to
benefit from the challenggin the energy supply and the need for changing the
existing energy system. This window will not be open forever. Therefore firm
strategies and quick response are needed at all levels to make it possible to ha
vest all the potential benefits from a largeale wind power development.



Wind power status

Generation mix
and electricity
demand

1.2 Introduction

The government of New Brunswick has adopted a strategy to develop the
province into an energy hub. This decision is among other things based on the
abundant wind resource of the province, which could improve #grusty of
supply of the province and meet the growing demand for electricity in neighbou
ing regions, especially the New England states.

This study was commissioned by the New Brunswick System Operator (NBSO)
and the New Brunswick Department of Energ@®) from Ea Energy Analyses as
part of a multiphase process of examining the methods, impacts, costs ane-ben
fits of wind power integration in New Brunswick and the Maritimes. In thepro
ess, the Danish utility SEAYE also participated.

This report cosists of three main parts:

9 A description of the regional scenario analyses exploring the Bppo
tunities for wind power in the analysed region, i.e., the Maritimes
Area, New England and Québec.

1 A presentation of the experience in wind power development in
Denmark.

1 Alist of recommendations on wind power deployment to the NBSO
and the New Brunswick DOE

More details on the scenario analyses are available in the scenario analysis
report: "Scenario Analyses for the Electricity Markets of the Maritimes and New
England".

First, a brief introduction to the electricity systems in the region is given.

Currently, wind power only plays a marginal role in the region consisting of
the Maritimes Area and Québec in Canada and states of New EngltnedlS.
Some 150 MW of capacity is in place in the Maritimes at present, but existing
policies and targets could increase this tenfold within the next decade. In Québec
more than 400 MW of wind capacity were installed by May 2008 with a target of
4,000 MWfor 2016. The region of New England holds about 50 MW of vand c
pacity now, but could see this amount increased very considerably in the years to
comeg in part as a response to the Renewable Portfolio Standard (RPS)erequir
ments of the states in New Eiagid.

In New Brunswick, power generation consists of a mix of coal, oil, gas, hydro
and nuclear capacity. In New England, natural gas is the dominant energy source
for power generation, supplemented by coal-fiéd capacity, nuclear andyh
dro. Electricity generation in Québec is close to 100 percent reliant on hydro
power.



In terms of electricity demand, the provinces of the Maritimes Area are sSi
nificantly smaller than Québec and New England {s&®e6).

Tablel: Present electricity demand (TWh)ntluding Prince Edward Island and Northern Maine

TWh New Brurs- Nova Québec New
wick* Scotia England
Annual ele- 17 13 188 127

tricity demand

New Brunswick has interconnections to Prince Edward Island, Nova Scotia,
Québec and New England. New England and Québec are also interconnected. The
differences in generation portfolios in the systems cregad¢ential benefits to be
gained from regional electricity trade between the systems.

Quebec
(Canada)

Northern New . Prince Edward
MainelSA Brunswick Istand

Nova Scotia

NBSO Reliability
Coordinator Footprint |

Figurel: The Maritimes Area

Market setup In principle, crosborder trade is driven by price differences. If the price in an
adjacent area ikigher, it is profitable for producers to export to that area. If the
price in an adjacent area is lower, it is profitable for consumers to import from
that area instead. At present the different markets of the region are not fidly i
tegrated and long ten capacity reservations on the interconnectors to certain
market players have the effect of limiting the exchange of electricity between the
regions.



Moreover, in the case of New Brunswick the market for electricity isidom
nated by one company, NB Powerming almost all generation capacity (through
NB GenCo/NB Nuclear Power), the transmission system (through NB TransCo) and
the distribution and supply system (throug\B Disco). This limits the access to
the market for new players.

The independent comparyBSO is responsible for system operation and
market development and facilitation.

Large consumers (industry) have access to the market, but they have not yet
exploited this opportunity.

Environmental In Canadit is being proposed thaill major power producing entities will be

regulation required to reduce their Cemissions intensity by 18 percent of the 2006 levels
by 2010, with 2 percent continuous improvement every year after that, according
to the federalRegulatory Framework for Industrial Grémuse Gas Emissians

As interfirm trading is allowed, the scheme works on a similar basis as the
RGGI (Regional Greenhouse Gas Initiative) cap and trade system, which will be in
place in New England from 2009. RGGI limitsed@ssions to recent histarilev-
els in the period 2002014 and requires 10 percent reduction towards 2018.

Renewable energy is promoted in all regions mainly through renewable e
SNHE LRNILIFT2fA2 adl yRFNRa® bSg . NHzyasgA O]
that 10 percent of therovince electricity must come from renewable sources by
2016. In New England, renewable energy policies are in place to increase the
share of renewables from approximately 5 percent today to 14 percent in 2016.

1.3 Regional wind scenario analyses

As a key pa of the present study, scenarios are developed towards 2025 e
ploring the development of the electricity markets in the region. The scenarios
focus specifically on the perspective of laiggle wind power integration in New
Brunswick and the Maritimes.

Since wind power integration and the development of the electricity system
and market in New Brunswick are closely connected to the developments in the
neighbouring regions, a simulation of the electricity systems in the Maritimes,
New England and Québeceas is carried out.

The simulation considers all power generation capacity in the systems as well

as important bottlenecks in the transmission giigeneralized data on power
plants and constraints in the transmission system was supplied by among others

10



Modelling tool

Four wind power
policy scenarios

the NBSO, the US DOE and the Independent System Operator of New England
(ISONE)

For the quantitative analyses, the Balmorel model is appliedaddition to
simulating the electricity systems, the Balmorel model estimates electriditgpr
and is capable of assessing the impact of environmental regulation suchras ma
kets for green certificates and emission trading schemes.

The model takes a combined technical and economic approach. Balance b
tween load and generation is ensured witldach defined transmission sube-r
gion. It takes account of the most important transmission constraints. 624 time
steps are used efficiently to represent seasonal, daily and hourly variations in
load, intermittent generation etc. The system related costaiofd power inter-
mittency are thus internalised in the model, but not the residual cost element due
to forecast uncertainty.

The model does not replace the need for load flow and stability network
analyses. This type of analyses require even more detaifednation, such as to
where specific turbines and farms are to be connected and as such is an activity
which merits continuous attention by the responsible ISO or TSO, as system pla
ning and operations activities.

In contrast to many other electricityystem models, the Balmorel model
makes suggestions for optimal investments in new generating capacity assuming
well-functioning markets and full competition among power producers. In the
present study, this feature of the model is used to analyse hovetbetricity
systems may evolve in the future taking into consideration different framework
conditions.

The guantitative analyses of the different development options in New
Brunswick and the neighbouring regions have bapproached by analysing four
different wind power policy scenarios.

! Details on the model are available wavw.balmorel.com
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Passive Active Transmission Proactive
Scenario Scenario Scenario Scenario
Passive wind An active policy to | As the active s As the transmission

power policies,
e.g. with respect
to physical pla-
ning, limits the

pursue wind power
allows for exploia-
tion of the physical
potential of app.

nario, plus increased
transmission capa
ity within the Maii-
times Area and to

scenario, plus ha
monisation of eni
ronmental regulation
and removal of trade

usable wind power| 16,500 MW in the | New England. barriers on interco-
potential to 1,000 | Maritimes Area. nectors.

MW in the Mai-

times Area.

In the Passive Scenario it is assumed that wind power capacity in the Mar
times Area may not be developed beyob@®00 MW e.g. due to planning o
straints or grid access issues. In the Active Scenario policies are implemented a
lowing for the possible exploitation of up to 16,500 MW of wind capacity in the
Maritimes Area, including 5,500 MW in New Brunswick

In the Transmission Scenario the electric transmission capacity within the
Maritimes Area and to New England is expanded to allow for more wind power.
The transmission capacity from New Brunswick to the Boston area is assumed to
be increased by 1,500 MW, the @émtonnectors to Nova Scotia by 1,000 MW and
to Prince Edward Island and Northern Maine by 600 MW. In the Proactive Sc
nario, in addition to the above, the environmental regulation is harmoniseavallo
ing renewable energy certificates and £&fDotas to be st freely across systems.
Moreover, existing tariffs on using interconnectors between New Brunswick and
neighbouring areas are removed, thus stimulating more trade.

1.3.1 Key assumptions

The assumptions used in the stuglyegarding for example the development
in electricity demand and fuel priceshave been determined in cooperation with
the NBSOTable2 summarises the most important assumptions.

2The technical wind power potentiglconsidering planning constraints and the available wind r
sourceg has been identified to be 40,000 MW for New Brunswaicky (Gagnon, 2008), but for reasons of
conservatism we constrain the total potential to 16,500 MW for the Maritimes region in this study.

12



Table2: Key assumptions in the study

Fuel prices

Fuel prices are based on the prices observed in the first montB8as,
i.e. an oil price of just above 120 USD/barrel. Based on observed crud
contracts from NYMEX, it is assumed that this price level will prevail o
the period.

oil
(USD/barrel)
123
116

123

Natural gas Coal
(USD/Mbtu) (USD/ton)

12.4 91
11.1 86
11.6 90

2008
2015
2025

Moreover, a sensitivity analysis is made with lower prices (60 USD/ba
of ail).

Electricity
demand

For the region as a whole, the demand for electricity is expectea-to i
crease by 25 % from 2010 to 2025 as indicatedfbigial projections. This
corresponds to an annual increase of 1.3 %.

Electricity consumption is forecasted to grow slightly faster in Negr En
land than in the Maritimes Area.

Decomms-
sioning of
power plants

No decommissioning of power plants is assumetll 015. In the period
from 2015 to 2025, 5 percent of all thermal power plants are presume
be decommissioned annually.

Envirm-
mental regu-
lation

Existing and planned regulation regarding,@ad renewables is assume
to be enforced and prolonged 2025 following current trends.

Sites for new
power plants

Siting new coal and nuclear power plants is considered to be diffinult.
New Englandup to 2025the model is only allowed to refurbish coa-c
pacity which exists today and to establlé GWadditional nucleaca-
pacity. Wind power development in New England is confined to about
3,100 MW including two largscale offshore wind farms.

Wind power
capacity fa-
tor (CF)

New Brunswick, Nova Scotia and Prince Edward Island: Each area ha
potential of 500 MW with a capacity factor (CF) of 40%, 500 MW with ¢
of 39 %, 500 MW with a CF of 38 % and etc. The total potential for ea
area is 5,500 MW. Therefore, there is a total wind potential of 16,500 |
with capacity factors ranging from 30 t60%.

New England: Onshore: 32 % CF;90fre: 46 % CF.

It should be noticed that investments in Québec are not explicitly modelled in
the study. For Québec, a development in new hydro and wind power has been
assumed; generating a surplus of 10 TWhymsar from 2015 to be exported to
New England and the Maritimes Area. This assumption is based on histarical e
ports and prospective imports, but is less than the full potential. Actual annual

13



volumes will depend upon market conditions (in Ontario, Nevwk¥aoid New Egr
land), load growth in Québec, and on the actual development of generatmn pr
jects in Québec. On an hourly and daily basis the model allows Québec to be a
net-importer or netexporter depending on the benefits of trading with
neighbouring coutries.

Technology data is based on the New England scenario study published in A
gust 2007 (ISO New England, 2068jure2 compares the longun marginal
costs of & of the key technologies applying the above fuel prices and including a
cost of CQof 20 CAD/ton. An internal rate of return of 10 percent (realkis a
sumed in the calculation.

Due to the relatively high fuel pricescompared to the recent decadesu-
clear power and wind power appear to be the most competitive technologies.

CAD/MWh

140

] m CO2 costs
120 -

O&M costs

]
100 -
m Fuel costs
80
H Capital costs
60 —
40 +
20 +
0 h T T T

Coal Coal CC< Natural gas Nuclear Wind, CF: Wind, CF:
CcC 25% 40%

Figure2: Comparison of longun marginal costs of new power generation technologies
(CAD/MWh). CCS: Carbon Capture and Storage, CC: Combined Cy@ap@&¢ity Factor.
Two onshore wind power plants are included in the comparison with capacity factors of
25 percent and 40 percent respectively.

For the conversion from US dollars to Canadian dollars an exchange rate of
1:1 has been applied.
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Investments in the
Maritimes

1.3.2 Results

Inthis section, the main results of the scenario analyses are summarized. We
focus on the results from the Passive Scenaridhere wind power in the Mar
times is restricted to 1,000 MWand the Proactive Scenario, where it is possible
to invest in a totabf 15,000 MW of wind power capacity, additional transmission,
harmonized environmental constraints, and removal of trade barriers.

More comprehensive results are available in the scenario background report,
including details on operational issues.

Figure3 shows the investments in new generation capacity in the two seena
ios asselectedby the optimization model.

Investments

18.000
16.000
14.000
12.000
10.000

8.000

6.000
4.000

Passive Proactive

Passive Proactive Passive Proactive

New Brunswick & PE ‘ Nova Scotia ‘ New England

® Nuclear m Coal m Coal w CC3 Landfill gasm Natural gass Biomassi Hydro m Wind

Figure3: Investments in generation capacity in Maritimes Area and in New England in
the period 2010¢ 2025 (MW)

In the Passive Scenario investments in the Maritimes consist of new nuclear
power in New Brunswick (1,230 MW), signifitamounts of biomass capacity,
some gas capacity and wind power capacity up to 1,000 MW (the limit in ¢he sc
nario).

Moreover, 740 MW of hydro power capacity is assumed to be imported into
New Brunswick from Lower Churchill Falls in Labrador. This dptiorposed on
the model. The feasibility of the Lower Churchill Falls project has not been dete
mined in the present study.

15



Investments in
New England

In the Proactive Scenario, the economic optimization model shows that it is
feasible to invest in about 7,500 MW of wind capaaityhe Maritimes Area. The
remaining investments in the Passive scenario are unaltered in the Proaative sc
nario except for the biomass capacity, which is no longer feasible witmthe i
creasing penetration of wind power in the system. Because of the sopegcess
to transmit power to New England, the majority of the investments in wind
power, 5,000 MW, are made in the area of New Brunswick and Prince Edward
Island and 2500 MW in Nova Scotia.

In New England, siting issues ass@amed to limit the growth of onshore wind
by assumption to 1,100 MW and the offshore potential to 2,000 MW in total
(1,000 MW off the coast of Maine and 1,000 MW off Seedistern Massaal:
setts). Because of the high fuel prices, the model shows thaaitrective to
upgrade and replace older and less efficient natural gas aritaiil generation
capacity with newer, more efficient combined cycle technology. These potentials
are fully utilized in the passive as well as in the proactive scenario. Margbee
model shows that it is attractivievest in additionaB,600 MWnuclear capacity
(the limit in the scenario).

All'in all, around 3,000 MW fewer investments are made in the New England
area in the proactive scenario compared to the passive scengmmreason is
that imports from the Maritimes Area are increased significantly due to the higher
penetration of wind power and the fact that transmission capacity is increased
and trade barriers between systems in the form of tariffs are removed in the Pr
active Scenario.

Figured shows the generation of electricity in the Maritimes and New-En
land areas in 2025 compared to generation in 2010 (passive scenario). The major
difference between the passive and the proaetscenario is less generation from
natural gas and biomass in the proactive scenario and more wind generation. In
the Proactive Scenario by 2025 18 percent of electricity generation in Ngw En
land and the Maritimes is wind power.

16



CQ emissions

TWh .. .
Electricity generation by fuel
250
200 Wind
u Other
u Oil
150 1 B Bioenergy
B Nuclear
B Natural gas
100 -
Hydro
® Coal CC¢
H Coal
50 -
2010 Passive 2025 Proactive 2025

Figure4: Total electricity generation by fuel source in the Maritimes Area and NevgEn
land in 2010 (Passive Scenario) and the Passive Scenario and the Proactive Scenario for
2025

The total sum of C{emissions in the Maritimes and WeEngland areas does
not reach the total sum of the caps either in the Passive Scenario or the Proactive
Scenario in the whole scenario period stretching from 2010 to 2025. However, in
the passive scenario, where the afdotas are not traded across Canaadad the
US, of the years studied (2010,

2015, 2020 and 2025), the cap is binding in the Maritimes Area in years 2010
and 2015.

The relatively high fuel prices explain why the totah €&p does not become

more binding. With a price of oil above 120 USifbis attractive to shift to less
carbonintensive generation technology regardless of the, @Qulation.

17



Renewables
requirements

Electricity prices

Maritimes and New England
CO2emissions

80 —c®
—— Emissions Passiv:

70
Emissions Proactive

50

40

Mill. tonnes

30

20

10

2010 2015 2020 2025

Figureb: Total CQemissions from power plants in the Maritimes Area and New England
in the Passive Scenario and the Proactive Scenario compared to the total cap for the
area.

In the Passive Scenario, the RPS requirements become binding iar220
2025, but not in the Proactive Scenario, where the @wshpetitive wind e-
sources in the Maritimes are released to the market.

Investing in new generation capacity will affect electricity prices in the long
run. The current mix ajeneration facilities are not competitive in a world with oil
prices at 120%/bbl. Wind power is particularly competitive where good sites are
available. Wind power connected to hydro power is the strongest combination.
Electricity prices in the Proactiveenario develop so that the prices are lowest
where the wind power is generated. Therefore electricity prices in the Maritimes
provinces can be expected to become lower in a future with much wind power
than otherwise. Congestion in the system causes theeprin New England to
find a level based on generation costs of old and new natural gas fired units. Gas
remains on the margin in New England, but with higher average efficiency than
today.

18



Economic results

Figure6: Consumption weighted average marginal electricity values (prices) in thee Pr
active scenario in 2025.

In all three alternative policy scenarios, there is a total @roit benefit for
the region and for New Brunswick compared to the Passive Scenario. The benefit
for the whole region is in the range of 4.0 to 6.5 billion CAD, and the benefit for
New Brunswick is in the range of 1.1 to 2.1 billion CAD (highest in thetReoa
scenario).

19



The table below shows the costs and benefits in the Proactive Scenamio co
pared to the Passive Scenario. In order to calculate the net present value of the
benefits to society of the investments and operations, all cost streams have been
discounted to 2008 using a discount rate of 6 percent.

New Nova Quebec New Em-  Total
Brunswick  Scotia land
& PEI

129 11 00 209 Y

- fuel -3.3 1.5 0.0 16.3 14.4
- variable O&M -0.5 -0.1 0.0 0.4 -0.1
- fixed O&M -0.9 0.1 0.0 0.8
- capital costs -8.2 -2 4 0 O 3.4
15.0 18.8 04
____

Table3: Costs and Benefits of the Proactive Scenario in relation to the Passive Scenario in the perpa25010
(billion CAD) Future cost streams have been discounted to Net Present Value (2008) using a discount rate of 6
percent p.a’Including Prince Edwardland.

The Proactive Scenario features higher capital costs than the Passive Scenario
due to the investments in capitétensive technologies, which on the other hand
leads to a significant reduction in fuel costs.

The trade balance shows the valuetloé electricity which ise
ported/imported across the region. Had the model not included exchange of ele
tricity with regions outside the analyzed system (New York is modelled by a price
interface), the trade balance would sum to zero.

Nova Scotia and iparticular New Brunswick improve their trade balances in
the Proactive Scenario as they increase their exports significantly. On the other
hand, the capital coststo pay for investments in wind power capacgare n-
creased in these systems. In New Bndlthe situation is reverse.

Québec is not modelled as detailed as the other areas in the region. However,

the simulations indicate that Québec is able to profit significantly from balancing
wind power with hydro power.
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Removing bot#- The studyindicates that there may be significant benefits from expanding the
necks transmission capacity between New Brunswick and the load centres in thk-sout
ern part of New England.able10 shows the estimated costs and benefits of the
transmission expansions which are included in the Transmission Scenario and the
Proactive Scenario. The cdstnefit analysis does not value potential additional
benefits to the security of supplyr synergies related to the acquisition of dnci
lary services between system areas.

Costs Benefits Sum

New Brunswick <=> Boston + 1,500 MW, HVDC (600 km) -1.05
New Brunswick <=> Nova Scotia, + 1,000 MW, 345 kV AC (100 km) -0.15
New Brunswick <=Northern Maine, + 600 MW, 345 kV AC (100 km)  -0.15
New Brunswick <=> PEI, + 600 MW, 345 kV AC, (100 km) -0.15

Sum -1.50 2.3 0.8

Table4: Cost and benefits of extending the transmission system (billion CAD). Costs and éieditater-

connectors are accounted for in period 202025 and discounted to Net Present Value using a discount rate of

6 percent p.a. An economic life time of 30 years is assumed for the investments in the transmission system. The
benefits are worked at as the total benefits of the two transmission expansions by comparing the economics of
the Active Scenario and the Transmission Scenario.

Sensitivity angt Fuel prices are a critical assumption in any scenario analysis of theagct
sesc low fuel sector. For this reason, a sensitivity analysis where fuel prices are in line with the
prices fFGSaG 2FFAOALFE LINR2SOUGA2Ya FNRY (GKS Ly

Outlook (crude oil price decreasing to about 60 USD/bbl) has also been made.

Evenin this case, the economic optimisation model shows that it is attractive
to invest in significant amounts of wind power capacity in the Maritimes Area,
approximately 6,100 MW until 2025. However, in the case of low fuel prices, the
CQ regulation and theenewable energy portfolio standards will become the
important economic drivers for the wind development.

1.3.3 Main conclusions from scenario analyses

The scenario analyses of the electricity systems in the Maritimes Area, New
England and Québec demonstratet it is economically feasible to develop
5,5007,500 MW of wind power capacity in the Maritimes Area, including 3,500
5,500 MW in the area consisting of New Brunswick and Prince Edward Island and
2,0002,500 MW in Nova Scotia. Exploiting this wind poig@nwill bring economic
benefits to New Brunswick as well as to Nova Scotia and New England.

Developing wind power in this order of magnitude is economically attractive

with the current high fuel prices as well as with lower fuel prices in the order of
60 USD/bbl. In the case of low fuel prices,Z&yulation and Renewable Energy
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Portfolio standards will become the main economic drivers for the wind ldeve
opment.

1.4 Danish experience in wind power development

Since the 1980s there has been a steady growthénwind power capacity in
Denmark. At this point in time, more than 3,000 MW of wind power capacity is
installed covering about 20 percent of total Danish electricity consumption. An
additional 1,300 MW is planned to be installed within the next fiveeyaad in
2025 the government plans to increase the share of wind power to 650800
MW corresponding to 50 percent of electricity demand.

At the same time Denmark has been able to build an extensive industry
around wind power hosting companies such as Vestas, Siemens Wind Power and
LM Glasfiber. In 2007, the exports of the Danish wind power industry totalled
about seven billion CAD.

Wind Power Capacity and
Share of Domestic Electricity Supply
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The physical characteristics of the electricity systems in the Maritimes Area
and in Denmark resemble each other to a high degree. Therefore Dennmark pr
vides a good learning case on @ipower development and integration for New
Brunswick and the Maritimes Area. The electricity consumption in the Maritimes
Area is approximately the same size as in Denmark, both areas have access to
neighbouring largescale hydro power system (Québec aworway/Sweden) and
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interconnections to large load centres (New England and Germany). Moreover
both areas have good wind resources (sgeres).

1.4.1 The Danish lessons

Denmark has a long traditioggoing back more than 30 yeardor broad -
litical alliances on energy policies. New policies have typically been negotiated in
a transparent way including the majority of the political parties and with a high
level of stakeblder involvement.

Wind power has had strong political support in Denmark since the oil crises in
the 1970s. In the first phase, the key drivers were-sefficiency and security of
supply. In the two last decades wind power has been viewed as an inmpoota
to reduce domestic Cmissions as well.
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Figure8: Maps of the NordieGerman electricity system and the MaritimeQuébeeNew England area with
indication of the dominant fuels for electricity generation.

A number ofconcrete measures have been essential for the development of
wind energy in Denmark, including financial support schemes, grid access, phys
cal planning, development of a wélinctioning market, a practive system p-
erator, local involvement and ownerghand strong research development and
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Financial support
schemes

A welHunctioning
day ahead and
reaktime market

demonstration efforts. The Danish experience on each of these issues is briefly
dealt with in the following sections.

A range of different support schemes have been used to support wind power
development in Denmark. In the 1980s, when wind power was still a ratheatimm
ture technology, turbines were supported through investment subsides,-fieed
tariffs and tax incentives. Subsequently, as the cost of wind power plants d
creased, the investmergubsidies were abandoned and the support schemes
were revised to fit the framework of the liberalised electricity sector.

Today, onshore wind power receives a premium of 50 CAD/MWh on top of
the price, which the owner of the turbine can obtain in #lectricity market.
Offshore wind farms are put up for tender on specific sites competing for the
lowest fixed electricity price. The most recent-effore tenders have yielded
prices between 100 and 120 CAD/MWh.

The support for wind power is financed byetDanish electricity consumers
and can be viewed upon as a risk sharing mechanism between producers and
consumers. Though wind power is competitive with more conventional types of
generation (compare witlrigure2, p.14) its high capital costs poses a significant
barrier taking into consideration the inherent risks in theotfieity market. A
fixed price for wind power generation gives producers certainty about future
revenue and at the same protects consumers against high electricity prices in the
future.

Denmark benefitfrom a high degree of cooperation with neighbouring geu
tries. In the liberalised Nordic electricity market, power is traded on a common
exchange, Nord Pool, to ensure optimal dispatching of generators. Denmark has
strong interconnectors to neighbouring watries, and within the Nordic area all
transmission capacity is made available to the electricity spot market.

The market mechanism ensures that hydro power plants and thermal power
plants have incentives to respond to the variations in wind power geiter in a
flexible manner.

Balancing power is traded on a leasist basis across system areas in the
hour of operation. This is done according to agreements between the Nordic
transmission system operators. In Denmark, the actual balancing cbstsed on
the prices in the market for balancing powgare approximately 3.5 CAD/MWh

Thecommon Nordic market has been of benefit to all the involved countries,

not only regarding wind integration, but to the general electricity system and to
the consumerss a whole.
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It has been developed during the recent 15 yeara &mg proceswith
strong and sustained political commitment, extensive and detailed preparation,
and continuous development tolailv for necessary improvements.

hyS 27 32 @S NSiNB solasinato estabdisth a fRamework that
allows for the development of effective competition. The first stegsto break
down the monopolies that existlin traditional vertically integrated utilities.
Transmission etwork activitieswere separatedrom allcommercialctivities
through true ownership unbundlingNetworks and system operation are natural
monopolies and should be subject to economic regulation, whereas generation
and sales should be subject to competition.

In countries, where eladcity markets have been liberalized, some of the
conseqguences of have been a reduction in over capacity on the generation side
(power plants being mothballed) and increased trade, resulting in increased util
zation of the transmission system and interoectors. Previously, power was
mostly traded between utilities according to lotgym contracts for secalled firm
power. With the introduction of the market, the power flows according to short
term price signals. This change is reflected in the figulevibeshowing the -
change of power between Western Denmark and Norway before and after the
liberalization of the electricity market in Denmark.

MWh

Denmark West - Norway

January 1995 January 2000

Positive numbers are import and negative numbers are export; the shaded
area marks the rated capacity of théenconnectors(1,000 MW in 1995 and in
2000).(Source: Energinet.dk)

Creating a level playing field and developing effective, competitive market
places requires establishing detailed market rules, design and regulation. There is
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Grid access and
tariffs

Physical planning

one common feature of auccessful markets: some sort of formal price guot
tion, conceived through formal market design. In this respect market operation is
needed. Trading hubs may be organized by private companies, but in many juri
dictions the system operators are responsifilethe daily market operation. In
context of the Nordic countries, the common power exchange Nord Pool Spot,
operating the Nordic daghead market, is jointly owned by the national tean
mission system operators.

Furthermore, with a decentralized decisimaking process transparency is a
prerequisite for achieving efficiency gains. Transparency improves the decision
making framework for all actorspolicy makers, industry and consumers alike.
Competitive market players do not voluntarily collect and mibfundamental
market data and statistics. Therefore, it is important to redefine responsibility for
this necessary task in liberalized markets. Increased transparency is a proven,
strong instrument to ensure continuous development towards more effective
markets.In the Nordic countries the transmission system operators have played
an important role in ensuring the transparency in the electricity market.

Market concentration remains a serious concern in several electricity ma
kets. Effective markets artcansparency have been vital to easing access for-new
comers. In addition, extending markets across countries and regions helps enable
GKS GAYLRNI 2F O2YLISGAGA2YET GKAA Aa
in which the need for consolidatidimits the number of market players that can
operate efficientlyln Europe the energy regulators have the role of monitoring
the market concentration, assisted by the system operators.

In Denmark, grid connection costs are shabpetiveen the wind turbine d-
veloper and the electricity utility. Developers of onshore wind turbines pay for the
low-voltage transformer as well as the connection to the nearest point in the di
tribution grid (10/20 kV), whereas the grid company coversdabsts for rei-
forcement of the distribution and the transmission grid where needed.

Traditionally, wind turbines have not paid a network tariff. This has changed
during recent years, however, and now new wind turbines are charged the same
tariff as any ther production facility. This tariff is rather smalless than 1 CAD
per MWh of electricity that is generategland it is not dependent on either peak
production or the capacity of the generation facility. This is beneficial to wind
power development, aindividual wind turbines usually have relatively high peak
production compared to average production.

Compared to New Brunswick, Denmark is rather densely populated. The

population is around seven times higher and size of the countly @ percent
of New Brunswick. Therefore finding sites for wind turbines is a critical issue in
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Local involvement
and ownership

A strong system
operator

Denmarkg and one of the reasons why new wind power capacity in Denmark
mainly will be located offshore.

For onshore planning there is a "ostop-shop" appoval procedure where
the project developer collects all approvals (environmental, building, power pr
duction) from one entity: the local authorityAlso the local authorities are+
sponsible for pointing out locations suitable for wind power productiopars of
their physical planning. Similarly for offshore projects, the Energy Authority is
responsible the siting for wind power and is the estep-shop approval authe
ity. Access to grid and ensuring reasonable grid costs is one criterion together
with others in the siting of new wind power farms in Denmark. Therefore the TSO
and the local distribution system operators also play a part in the physiaal pla
ning for wind power.

The onestop-shop procedures and pxelanning for wind power are of ben
fit to wind power developers, avoiding lengthy bureaucratic approval procedures,
and to authorities and electricity companies. It ensures that new wind power
plants are sited in coordination with other considerations of spatial planning and
at locations with lowgrid connection costs.

The early expansion with wind power in Denmark was to a large extent
started by cooperatives and private individuals. This development was among
others things made possible by restricting the finahsupport for wind turbines
to people living within some distance of the facilities.

In recent years utilities and professional private developers have beaome i
portant investors as well and the locational requirements for receiving support
have been abadoned. Even so, the Danish experience shows that joint local
ownership of wind power in any form creates considerable economic interest and
pride amongst the local population. This is also likely to lead to a higher level of
public acceptance of wind poweTogether with dialogue with the local popdl
tion on new sites, local ownership has been essential to reduce toalfed
NIMBY (Not In My Back Yard) effect in Denmark.

Following the liberalisation of the electricity marketenmark in the late
1990s, system operation and the ownership of the transmission system has been
unbundled from generation and supply activities. Today, the-kigtage trars-
mission system, as well as the gas transmission infrastructure, is owned by the
Danish state through the Transmission System Operator, Energinet.dk.

Energinet.dk has the short and lotgrm responsibility for maintaining the
security of supply of electricity and gas in both the short and the-teng, moni-

% For wind turbines above 150 meters, the regions are the-stop-approval authority.

27



toring and developingnergy markets and developing the Danish electricity and
gas transmission infrastructure.

Moreover, the transmission system operator is responsible for carrying out
coherent and comprehensive planning taking into account future transmission
capacity requiements and the future security of supply. Developing the grid and
the electricity in order to further largscale introduction of wind powey particu-
lar off-shore¢ is probably the main issue of the Danish Transmission Sysgem O
erator at this time.

Within Nordel, the associations of the Nordic transmission system operators,
investments in interconnectors are coordinated between the Nordic countries.

Research, deve In Denmark, the transmission system operator, as well agitieegy autho-
opment and den- ity, manages significant funds for the development and demonstration ¢ftec
onstration nologies for environmentally friendly energy production. A large share of the Da

ish funds for R&D is placed with the TSO on the grounds that the TSO has a key
insightinto the future needs of the electricity system and the interplay between
different technologies.

As the wind power technology is mostly commercial today the wind research
programmes focus mainly on the integration and optimisation of wind energy and
other renewable energy sources in the electricity system. Core research areas
include the development adlemand response,tilizing and strengthening the
couplingbetween the electricity system and districtating systemsising electric
boilers and heat pumg developing and exploiting theeplingto the transport
sector(electric vehicles as price dependent demand) and examinieqyy sta-
agetechnologies such as hydrogen, Compressed Air Energy Storage and batteries.

1.4.2 Change of mindsets

Traditionally, wingoower was looked upon as a problepand not as an p-
portunity ¢ by the Danish utilities. However, during recent years, the mindsets of
the power engineers and energy planners have changed. Today, the Transmission
System Operator approaches wind power gration as a manageable challenge
and makes an effort to deal with some of the myths that wind power is often
faced with in relation to system integration, e.g. that wind turbines cannat co
tribute to ancillary services and that minimum generation capgiili coalfired
power plants seriously limit wind power penetration.
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Cooperation is key

dThe Future
Danish Energy
Systend

International exchange Heatpumps Heatstorage facility ‘
Electric boilers /Heatconsumption ‘
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Figure9: It is important to look at the whole energy system when integrating a large amount of fluctuating
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In Denmark it is generally recognised that in order to fulfil the vision ofan e
ficient and flexible energy system with a large share of wind energy a high level of
cooperation is required between politicians, energy industryystomers and the
players in the energy market.
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from 2004 to 2007 and the stalled energy campsitiated by the Danish Energy
Association.

K
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the politicians in the Danish Parliament and the players in the energy sector in a

close dialogue othe future Danish energy system and to do it on a solid ground

of knowledge.

The project was founded on a-salled Future Panel composed of members
from the Danish Parliament. The Future Panel represented all political parties and
was serviced from at&ring Group with experts and stakeholders, researchers
and representatives of NGOs and authorities in the energy field.

During the project five public hearings were held in the Parliament and a
number of quantitative scenarios for the Danish eneiigyre were developed.
The hearings were led by politicians from the panel with experts from the energy
field contributing knowledge and ideas for the future. A comprehensive collection
of consultation documents and a short newsletter were produced aféehe
hearing.
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As part of the project, a publicly available modelling tool, STREAM,awvas d
veloped. It is now used at Danish universities.

Energy camps At energy camps a number of experts (from industry, organizations, univers
ties and NGOs) and possibledstors from the energy sector are gathered to
solve a particular problem. The participants are divided into predefined groups of
about 10 people dealing with issues such as how we make modern transportation
or modern housing possible in a sustainable wi#thout CQ emissions The pa
ticipants are isolated at a resort for 24 or 48 hours, but provided with-asdess
and communication lines to the outside so that they easily can find information
from ministries and other institutions.

At the end of the campthe groups present their solutions in a veryneo
densed form to the press and to the minister of energy, or other high leveils pe
sons, who join the camp for the last couple of hours.

The experience with the energy camps is that you often create newdalis+

tic solutions to difficult problemg and you get a consensus between groups of
people who used to work against each other.

30



2 Introduction

The government of New Brunswick has adopted a strategy to develop the
province as an energy hub. Thiscision is based on the abundance of wing: bi
mass and natural gas resources in New Brunswick and nuclear and hydro capacity
that could supply the growing demand for electricity in neighbouring regisns e
pecially the New England states. It is estimateat thew England alone wikk+
quire 8,000 MW of new capacity to cover the burgeoning demand for electricity
by 2020.

The high quality wind resources in New Brunswick could play an important
role in the development of the energy hub, but the large scalestigpment of
wind generation also provides technical and economic challenges for the power
sector. New Brunswick wishes to maximize economic development through the
exporting of wind power and the intermittency of production inherent in wind
generation proides technical challenges for ensuring system reliability.

The project "Integrating Wind Power in New BrunswiBkase 11" was ¢o-
missioned by The New Brunswick System Operator (NBSO) and the Nesw Brun
wick Department of Energy (DOE) from Ea Energy Aesalifee Consultant, as
part of a multiphase process of examining the methods, impacts, costs ang-ben
fits of wind power integration New Brunswick and the Maritimes. The goal of the
report is to present consistent scenarios for the development of the ettt
markets of the Maritimes and New England and specifically scenarios where large
scale wind power integration in New Brunswick and the Maritiaresallowed to
playa cardinal role.

2.1 Overall project objective

The overall objective of the project is bptimize the development of wind
power in New Brunswick to ensure local economic benefits and to address the
challenges in integrating large scale wind generation into the New Brunswick ba
ancing area.

The project was divided into two phases in acco@awith the requirements
of NBSO and the DOE.

The first phase was a review of documentation available from NBSO om-the i

tegration of wind energy and transfer of knowledge from the Danish experience
with wind power integration. The first phase concluded with a two day workshop
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in Fredericton in November 2007 and a debriefing meeting with the board of
NBSO, the management NBSO and representatives from the DOE. The main
conclusion from the first phase was that New Brunswick will be able to integrate a
fair amount of wind into the energy system with the present conditions. A large
scale deployment of wind power would, howeyeall for more cooperation with

the neighbouring system areas as well as a review of the current market structure
and institutional set up, in order to ensure the most efficient integration and to
maximize the total benefits of the deployment of wind pawe

These scenario analyses for the electricity markets of the Maritimes and New
England are a part of phase 2 of the project. In addition a road map for wind
power integration as part of an energy hub in New Brunswick has beertdeve
oped, and also the rolef NBSO as a system operator has been discussed based
on the Danish experiences for the Transmission System Operator.

Another part of phase 2 has been the facilitation of meetings with relevant o

ganisations on a visit to Denmark in order to further edipe the transfer of &-
periences.

2.2 Reading this report

The total reporting of the project "Integrating wind power in New Brunswick
Phase II" consists of the following three documents:

A main report: Regional Wind Integration Study

A scenario analysispert: "Scenario Analyses for the Electricity Markets
of the Maritimes and New England" (this report)

1 A data report: "Data and assumptions used for the scenario analyses"

The main report covers the full project consisting of the following three parts:

A description of the regional scenario analyses exploring the oppdrtun
ties for wind power in the analysed region, i.e., the Maritimes area, New
England and Quebec.

A presentation of the experiences with wind power development in-De
mark.

1 Alist of recommendabns on wind power deployment to the NBSO and
the New Brunswick DOE

The scenario analysis report (this report) contains results and documentation
of applied methodological approach, data and modelling tool. The report is-stru
tured so that Chaptet includes summary and conclusions. Chaptgives an
overview of the electrity market in New Brunswick and the neighbouring regions
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and Chapte# gives details on methodology and main data foundation of the
analyses, as well as the process and modelling tool which is known asthe Ba
morel model. And finally, Chaptércontains the results of the scenario analyses.

Uponcompletion of this drafa number of issues have been identified:

1 The treatment of hydro, in particularly in New Brunswick, may be too
flexible.During thespring flood in particulanydro inNew Brunswick
may be too flexible in the modefdditionally, the hydro inflow from
the Lower Churchill Falls is complet#éxible, which maynot be the
case should the project be realised

91 Inthe year of investment in the Lower Churchill Falls the ciaypéec-
tor is unrestricted on account of an error in the model (now-co
rected). This means that lower Churchill effectively has a capacity fa
tor of 100% in 2020and as such there is too much hydro power in
2020 in comparison with the assumptions

1 Alage pumped storage plant in Massachusettss accidentallyu-
plicatedin the input data causing this facility to effectively havewdo
ble capacity both in terms of storage volume and generation capacity.

1 The sensitivity analyses with lower fuel priceséadividual RPSita
gets with nontradable credits between New England, New Brunswick
& PEI and Nova Scotia respectively, in contrast with the main scena
ios.

These shortcomings are not expected to affect any of the overall conclusions

from this study. However, there will hopefully be an opportunity to address these
issues in future regional study work.
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3 The Electricity Market In
New Brunswick and the
Region

The scenarios in this report investigate the opportunity of New Brunswick to
supply energy, and in particular wind energy, to the New England market. The
competitive advantage of New Brunswick as a supplier of clean energy is a high
potential for ceveloping wind power due to good wind resources. There is an
essentially strong transmission grid to serve as a platform for exports and local
consumption. Proximity to hydro intensive Quebaad a large organised market
in New England inclusive of arailf services, provides potential for balancing
the intermittency of wind generation. There is also an opportunity to connect
with hydro power in Labrador.

The market of New England is expected to grow in demand for electricity.
Several New England stathave introduced renewable energy portfoliorsta
dards(RPS)which generate a demand specifically from renewable sources. The
Regional Greenhouse Gas Initiative (RGGI) also encompasses the New England
states generating a demand for carbon free electyigiéneration. Meanwhile the
siting of both new generation stations and wind farms is met with resistance in
many New England states, whereas in the Maritimes there is generally stronger
support for siting of wind farmand other generators anthe opporturities for
community and business alike, to reap benefits from wind power expansion.

In addition to the export agenda, the provinces in the Maritimes also have
targets in the form brenewable portfolio standards aralframeworkhas been
finalised 4 Canadan federal level to apply CO2 reduction targets to include the
electricity sectors in the provinces.
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FigurelQ: Map of the Maritimes, Quebec and the New England states.
(map source: Google)

3.1 The electricity system in  New Brunsw ick and the Maritimes

The electricity demand in New Brunswick has been heavily increasing during
the last decades. The figure below shows the actual annual demand from 1973 to
2007 and the forecast from 2008 to 2017. In 2007, the electricity demand was
approximately 16,000 TWh with at peak demand of approximately 3,200*MW.

#10-Year Outlook: An Assessnt of the Adequacy of Generation and Transmission Facilities In New
Brunswick 200¢ 2016, NBSO
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Figurell: Development in annual electricity demand in New Brunswick

New Brunswick has an essentially strong transmission network characterised
by a ringdesign. The province hagterconnections to Nova Scotia, Quebec and
New England. The table below shows the transfer capacities between New
Brunswick and the neighbouring systems.

Table5: Transfer capacities to neighbouring sys&m

1185 735
100 700
350 300
124 222

90 100
15 15

More details orthe transfer capacities between systems and sub systems are
available in the data appendix.

The New Brunswidkas a number of different types of electricity generators.
The Lepreau 1 plant has 558 MW of nuclear generation capacity and is currently
undergang in refurbishment. Colson Cove and Dalhousie aré@il.fColson
Cove can also useidulsiorv but there is not currently a supply of this available.
The Beldune and Grand Lake are coal fired plants, of which Beldune is that. large

® A recent loss of load in New Brunswick may have the side effect of reducing the actual capacity from
Quebec to New Brunswick. This has not been taken imsideration in the calculations.
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Bayside 6 and th&randview plants are natural gas firadd the Grandview

plants arecombined heat and power plant&rand Manan, Millbank #4 and Ste.
Ro® are all diesel unitdn addition to these fossil fired plants there are a number
of hydroelectric units with a divee range in capacities fromuL6 MW.

The following figureshows the installed generation capacity in New Bsun
wick and the Maritimes.
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Figurel2: Generation capacity in the Maritimes divided by fuel types.

Nova Scotia idominated by coal fired generation, but also has a large pote
tial for expansion of wind power. Prince Edward Island is dominated by o#-or di
sel fired units but here wind power has begun to come online. There is also a
wind power test station on PBllorthern Maine is included in the figure as it is
electrically a part of the New Brunswick system.

3.2 Market structure

The market in New Brunswick is currently dominated by one company, NB
Power owning almost all generation capacity (through NB GenCo/NB Nuclear
Power), the transmission system (through NB TransCo), and the distribusion sy
tem and supply (througiNB Disco). A small amount of generation capacity is
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owned by independent power producers suchingOil. The independent
company NBSO is responsible for system operation and market development and
facilitation. Large consumers (industry) have access to the markemabsithave

not yet exploited this opportunityThe wholesale market is structured apleys-

cal bilateral contract ma&et in which merchants each submit individuddg+

lanced schedules for supply and load

In New Brunswick all customers have access to standard electricity service at
costbased rates. To ensure that adequate suppliesleétricity will be available,
the New Brunswick's market structure implies:

1 NB Power Distribution and Customer Service or other suppliers must a
range to acquire adequate power and energy, including reserves, one
year ahead of time.

1 NB Power Distributioand Customer Service will have letggm can-
tracts for the generation it requires to meet the needs of its provincial
customers from the Heritage Pool (which are the existing NB Power ge
erating resources).

1 The sector of the market that is competitiveNew Brunswick (larg@-
dustrial and wholesale customerd2 in total) is a bilateral, negotiated
contractual relationship. Prices are set by negotiation between buyers
and sellers for a minimum onth period. There is not a bidding ro
ess with hourhpricing like a commodity or stock exchange.

New transmission capacity to neighbouring areas is sold through open se
sons as longerm contracts (reservations) to players in the markéy remained
transmission is available largely on a first come figsted basis for reservation of
various lengths. Unscheduled transmission is available on dimomasis in the
operating timeframe.

3.3 System Operation

The NewBrunswick System Operator (NBSO) came into existence 2004, when
the provinces electricity utijt company, NB Power, was restructured.

NBSO is a ndor-profit corporation whose primary responsibilities are to-e

sure the reliability of the electrical system and to facilitate the development and
operation of a competitive electricity market in NewuBswick.
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The NBSO are responsible for:

transmission system reliability;

system planning;

access to and use of the transmission grid;

administration of the Open Access Transmission Tariff and the Market
Rules.

=a =4 -4 =4

b. {hQad 352 3INJ LKA O Hdr balaréifgtovess NewNBEst LJ2 Y & A 0
wick, Prince Edwarlsland as well as the northern part of the state of Maine.
Nova Scotia Power is the system operator of Nova Scotia, but the NBSO is the
reliability coordinatorfor the entire Maritimes area

3.4 New Brunswick in a Regional Context

The regional electricity market in the Maritimes, Quebec and New England is
characterized by differences in the power systems as summarizédloie6.

Table6: Main characteristics of New Brunswick and neighbouring systems

16.8 12.5 188.1 126.6
27,360
A mix of many Coal is the Mainly hydro  Natural gas
resources largest e- power, add- and oil addt
including - source (53 %) tionally some tionally some
clear, oil and nuclear, nat-  nuclear,coal
hydro. ral gas and and renewable
biomass sources.

App. 22 % App. 21 % App. 94 % App. 8 % (I
(hydro and (hydro and (mainly hydro dro and oh-
biomass) wind power) but also some ers)
biomass and
wind)

The differences in the power systems create poteriie@tefits to be gained
from regionally electricity trade between the systems. Wind power and nuclear
power have low shorterm marginal costs compared to thermal power. It is
therefore often profitable to use available wind power and nuclear power instead
of thermal power; however both nuclear power and wind power have very li
ited regulation possibilities.

®Including Prince Edward Island and Northern Maine
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Hydro power has low sheterm marginal costs and good regulation possibil
ties- especially in combination with reservoirs. The production of hydrogydss
optimised over the day, the week and the year (or even several years if it is a
multi-year reservoir) in order to maximise the benefit from the available water in
the reservoirs.

There is also a difference between the Canadian provinces and particularly
the southern New England states regarding pksdd requirements. While the
Canadian load peaks are in the cold winters, the New England load peaks are
more a result of air conditihing in the summer months. Planning of outages for
maintenance is consequently scheduled at different times and this also provides
an opportunity for beneficial trade.

These benefits can be increased by promotion of a market oriented approach
to electricity generation and trade within the individual sub regions and through
interregional trade.

In principle, crosborder trade is driven by price differences. If the price in an
adjacent area is higher, it is profitable for producers to export to thaaalkthe
price in an adjacent area is lower, it is profitable for consumers to import from
that area instead. If prices are visible to market participants and generaged fr
quently by the market functiorand market access including access to trassmi
sioncapacity is granted on a continuous basis, i.e. hourly or even sub hourly on
the basis of market value, the electricity market can perform as if coordinated
through a centrally optimized international dispatch.

In this perspective long term physiaapacity reservations or the wide
spread establishment of unregulated merchant lines, has the effect of foreclosing
the market, preventing either necessary or beneficial investments, or yielding
suboptimal dispatch. Alternative solutions should be congidevhich guarantee
open and transparent access to consumers, optimize allocation of capacity on the
short and long term, while still providing financial security for investors and{ina
ciers.

3.4.1 The New England Market

TheNew England markes developing a@eficit ofelectricitysupply The &-
nual energy consumption in New England is projected to grow at a compound
annual growth rat§ CAGR)f 1.2% for 2007 through 2016 and 1.2% for the winter
peak.New9 y 3t I yYRQAa &adzYYSNJ LISI'{ RSCAGRFR A& LN
1.7% from 2007 through 2016, or approximately 500 MW per Year.

72007 Regional System PJaBO New England Inc.
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The New England states have mostly oil or natural gas fired electricityagener
tion with some hydro and nuclear and renewable generation. The make up of the

generation capacity mix represented orFigurel3.
Installed Electricity Generation Capacity in New Engla
9.000
8.000 |—
7.000
6.000
5.000
2
4.000
3.000
2.000
1.000 —
_ MA CT ME NH RI VT
= Wind 4 2
Hydro 570 128 625 484 3 313
m Biomass & biogas 7 61 247 125 75
m Landfill gas, MSW & tire: 241 137 153 29 21 7
m Fuel oil, diesel, etc 1.891 | 2.478 | 872 | 1.023 132
m Natural gas 4.669 | 1.509 | 1.696 798 2.075
m Coal 479 553 75 532
® Nuclear 685 2.037 1.245 620

Figurel3: Generation capacity in New England. The acronyms on the category axis refer
to Massachusetts (MA), Gmecticut (CT), Maine (ME), New Hampshire (NH), Rhode
Island (RI) and Vermont (VT).

New England applies the-salled Standard Market Design. This market-co
sists of dayahead and realime markets for electricity, each producing its own
separate andinique financial settlement. The first settlement relates to the-day
ahead market's costs and payments while the second settles the differexce b
tween energy scheduled deghead and that which is actually delivered in real
time. Moreover,Locational Margial Prices (LMREflect the marginal value of
transmission losses and congestion in the electricity system. This means that each
location on the network gets a price reflecting the marginal system cost of-mee
ing load at that location. More specificallpdational Marginal Prices are ipu
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lished for five types of locations: External interfaces, Load nodes, Individual ge
SN G2NJ dzyAl y2RS&ax [2FR T2ySa FyR (KS

All transmission capacity is made available to the spot mddkdtee in the

New England area. To hedge against price differences caused by congestion ma
ket players can buy Financial Transmission Rights on a monthly basis or longer.

3.5 Environmental regulation

The regulation relates to different issues in the eledtyimarket such as for
instance environmental regulation. With respect to that, the following three in
tiatives are of particular relevance for the region:

1 The Regional Greenhou&aslnitiative (RGGI)

1 Regulatory Framework for Industrial Air EmissionstaedElectricity
Sector

1 Renewable Energy Portfolio Standards (RPS)

3.5.1 Greenhouse Gas Initiative (RGGI)

The Regional Greenhouse Gas Initiative (RGGI) provides indirectly an incentive
for wind power, through an incentive against competitive energy sources fro
carbon based technologies. RGGI is aaragtrade system whereby a cap on CO2
emissions is defined politically for the region. By creating scarcity on the right to
emit carbon dioxide the market generates an incentive to abstain from emission.

In the senarios, the RGGI commitments of the New England states have been
pooled and a cap is enforced as a model constraint. The shadow price ofrthis co
straint reflects the market value of emission permits and therefore the CO2 price.

3.5.2 Regulatory Framework for Industrial Air Emissions and the
Electricity Sector

The regulatory framework for carbon emissions reductions in Canada ¢s stru
tured differently from RGGI. Obligations are put on emitters to reduce emissions
in relation to business as usual projection fromatarical 2006 viaes.
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Figurel4: Final framework for greenhouse gasses.

In Figurel4the overall reduction target for Canada is shogaing forward to
2020. This includes however, not just the electricity sector, but most major
sources of emissions including the electricity sector and industry. Targetapplic
tion is corporate specific. Each company within the sector receives a targat of
18% reduction from the average 2006 emission intensity of its entire fleetof f
cilities for 2010 and a subsequent 2% reduction each year aftefthat.

Cap on CO2 emission

—o—New England —#—New Brunswick & PE Nova Scotia

60

0 —
40 \

%)
4]
c
S
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10 p
- - o _:
0
2010 2015 2020 2025

Figurel5: CO2 caps as simplified from RGGI (New England) and the Regukatarre-
work for Industrial Air Emissions and the Electricity Sector (RFIAEES).

8 Environment Canada: WILLIAM LEFFLER (Regulatory Framework for Industrial Air Emissions and the
Electricity Sector), Psentation at the 2008 Energy Conference in Saint John, New Brunswick M8&y 15
2008.
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The graphs ofrigurel5 show jointly the targets defined in this analysis for
RGGI and RFAE.

The RFAE suggest that following 2020 the system may change to a CAP and
trade system, contingent on developments in otlo®untries, in particular the
USA. In the scenario analydesth systemsare treated axap and tradeegimes
We also assume that targets apply only to the analysed systems. In the Proactive
scenario, tradef carbon emission permits allowed betweenhe systems.

3.5.3 Renewable Energy Portfolio standards (RPS)

Many states in New England have adopted renewable energy portfolie sta
dards. Some of the complexities regarding RPS have been disregarded, such as
different states recognising different forms of engrgeneration as renewable. In
a timeframe of 1615 years it is likely that thesystemshave beerharmonised

In Atlantic Canada an effort is also being made to increase the shage of r
newable resources. Recently, requests for proposals have been maded MW
wind in New Brunswick and RPS standards have been established moving forward
in New Brunswick as well as in Nova Scotia.

The assumptions made in the scenario analyses are showiganel6.

RPS requirements in the regiol

——— New Brunswick & PE ——New England Nova Scotia
25%
_—

20%

15% /
10% /
|l

/

0%

pct of electricity demand

O~V O A ANMTCNHDON~NOOO A NMTWULN~NOODO
OC OO0 0O o o ed e ed e NANANNNNNNNM
O OO0 0000000000000 0O0O0O0O0O0 OO0
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Figurel6: The percentage of electricity demanahich must be supplied by new reew-
able technologies

RPSequire thatenergy distributors (merchants supplying euasers) produce

documentation that a certain fraction of their portfolariginatesfrom renewable
sources. This can either be done by forming a power purchase agreement with a
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renewable generator, or by purchasing a certificate from a third party, hawing i

turn acquired this from a renewable source. This implies that renewable energy
becomes a product separate from the physical supply of electricity (in@n ec
Y2YAO a4SyaSod ! gAYR GdNDBAYS O2cdzf R aSftf
S NH &ahothér.2

3.5.4 Summary of policy representation

The accurate representation of specific policies is always a challengadin mo
elling issues. Primarilyhis is because policy is spectfica context by nture.
There will always be specific bylaws or exceptions to hameligage policy. Se
ondly, policy will be changed and adapted in the futur@n unpredictable fas
ion. The most import aspects of the environmental policies are represented here
with a sufficient accuracy, i.e. the incentive to reduce carbon and todote
renewable technology, the overall political targets and the conditions under
which burdens can be traded. Along with fundamental market assumptions
prevalent to the model make the formulation of policy cohesive with the model
structure as a whole.
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4 Methodology and MairAs-
sumptions

The intention behind the scenarios presented in this report is to provide-a b
sis for evaluating wind power in the Maritimes, and also to outline the effects of
specific initiatives on wind power development and the econofityese scenarios
can serve as a basis for qualified debate on the issue of wind power development
and will hopefully help to catalyse a regional discussion on best practices going
forward. Wind power integration is a multifaceted issue. The aim heredernto
prehensively combine issues relating to economics, technology, policy and system
related aspects.

4.1 Scenario methodology

The scenario methodology we apply uses a quantitative model of the electri
ity system as well as rational behavioural assumptiontherpart relevant sta&-
holders. The Balmorel model is a suitable tool for this as the development of the
electricity market can be simulated, simultaneously considering operatiomal pe
spectives and investment perspectives.

Scenarios are formed by de#iing the current situation with respect to-
frastructure, generation capacity, forecasts of demands and fuel prices etc. and
combining this with information regarding the market framework, political
framework, potential for expansions and technology isiveent options.

Any model is at most a suitable representation of a real world situation but no
model can accurately predict what will happen from now and until 202%-Ho
ever, the generation of a multitude of possible futures based on the best quality
data available and rational expectations and feedback mechanisms can give an
indication of how the future could develop under a series of assumptions. This
gives perspective on which directions the inertia of market and technology will
drive development anavhich barriers and obstacles should be addressed.

° The Balmorel model has been applied in projects in Denmark, Norway, Estonia, Latvia, Litmsania, P
land, Germany, Austria, Mauritius and Ghana. It has been used forsasatf, e.g., security of electricity
supply, the role of flexible electricity demand, hydrogen technologies, wind power development, the role
of natural gas, development of international electricity markets, market power, heat transmission and
pricing, expansion of electricity transmission, international markets for green certificates and emission
trading, environmental policy evaluation and more.
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This project has been an opportunity to start from the beginning. The model
used has no previous known application in North America, so all core data has
been gathered, structured and integrated from aih. It was clear from theeh
ginning, that wind power integration and the development of the power system
and market in New Brunswick, would be closely connected to developments in
neighbouring regions in the Maritimes, New England and Quebec. The nmmatlel a
scenarios have therefore been defined to cover this entire region. The NBSO was
able to supply much of the data and other data has been supplied by the DOE,
and from public sources. New England data has also been assessed byethe Ind
pendent System Opetar of New England (ISNE) and with appreciation their
feedback has been integrated in the core data assumptions.

The scenario development process has had a number of stages and &ey mil
stones.

1 Upon commencement of the project, data was collected anplém
mented.

9 First model simulations and preliminary data was discussed and
evaluated in detail at a three day workshop in Fredericton in February
of 2008 with participation of the NBSO staff and board, and the DOE.
At the workshop, also the structure andraent of the policy scena
ios as well as a screening process was laid out.

1 Over a series of phone meetings between the Consultant the NBSO
and the DOE an additional number of screening scenarios was di
cussed and the details regarding structure and conhtdrthe policy
scenarios was agreed upon.

1 Inearly May a delegation from New Brunswick with members from
the NBSO management and board, the DOE as well as industey repr
sentatives, were on a visit to Denmark to meet with Danish actors and
thereby faciliaite transfer of Danish experiences with large scale wind
power integration. In this connection there were additional meetings
also on the scenario study between the NBSO, DOE and the onsul
ant.

1 At NBSO Energy Conference in Mayl 652008 in Saint Johnetpre-
liminary main results in this study were presented in a public forum.
Also, the final draft of this report was discussed by the Consultant,
the NBSO and the DOE.

1 Finally, the final version attempts to encompass both the results of
the process up tohe Energy Conference and not least the feedback
received at and about the conference.

A final step to complete the process has been delivery of the complete
model, the developed dataset with core assumptions and scenario configurations
to the NBSO withmreservations. This is possible as the model used is open
source and data is entirely based on data available to the NBSO or on public
sources.
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4.2 Policy Scenarios

This scenario report covers four comprehensive policy scenarios. Thescena
ios have been dubbepbolicyscenarios to emphasise that markets drive thee d
velopment of the sector subject to alternative policy frameworks, and market
frameworks.

The line of thought is that there are four high level options open on a political
level.

1. Policy makers take a passive laiske® posture towards wind
power and the general development of the energy sector. This
implies that market barriers, infrastructure plans and physical
planning as well as incentives will remain as present. The market
will develop but perhapsissout on opportunities.

2. A second stance could be an active approach to the development
of the electricity market. This would involve doing away with-ba
riers, ensuring that the public service was available to facilitate
private and communal investment. That expansion in grid capa
ity took place where there is positive social welfare in doing so, in
order to get the wind turbines online.

3. To facilitate wind power integration in the Maritimes and export
options, a third scenarimvolves expansion of transmissioa-c
pacity within the Maritimes and towards the New Englandma
ket.

4, Finally, a proactive policy approach is considered, which would
involve engaging and coordinating the political and enviro
mental framework in the regiorA common market for carbon
credits in addition to the transmission capacity expansions and
the removal of pancaking transmission tariffs make up the final
policy scenario.

The scenariprocessevolved so that each new scenario would build on the
positive actions undertaken in the previous scenario.
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Table7: The four Policy Scenarios

Renewable
energy portf o-
lio standards

CO2 regulation

Physical plan-
ning

Market

Transmission

Passive

Existing RPS
standards.

RGGI covers
New England
states. A sep-
rate framework
established in
the Maritimes.

Low availability
of sites in NB (no
planning)
Potential:

500 MW in NB
500 MW in NS
Pancaking of
transmission
tariffs. Other-
wise market
assumed to
function effec-
tively.

Existing and

firm plans for
transmission
system capa¢
ties are assumed
for the whole
period.

Active

Existing RPS
standards.

RGGI covers
New England
states. A sep-
rate framework
established in
the Maritimes.

Physical pla-
ning for wind
power to in-
crease number
of sites for wind
power
Pancaking of
transmission
tariffs. Other-
wise market
assumed to
function effec-
tively.

Existing and
firm plans for
transmission
system capa¢
ties are assumed
for the whole
period.

Transmission

Existing RPS
standards.

RGGI covers
New England
states. A sep-
rate framework
established in
the Maritimes.

Physical plan-
ning for wind
power to in-
crease number
of sites for wind
power
Pancaking of
transmission
tariffs. Other-
wise market
assumed to
function effec-
tively.
Additional
transmission
capacity.

Proactive

Existing RPS
standards.

CO2 policy
introduced in
the Maritimes,
with credits
tradable with
New England
RGGI.

Physical plan-
ning for wind
power to in-
crease number
of sites for wind
power

Market assumel
to function
efficiently.
Transmission
tariffs removed.

Additional
transmission
capacity.

In the transmission and proactive scenarios, the additional transmisaion ¢
pacity which is installed is the following:

600 MW betweerNew Brunswick and Prince Edwasthnd
600 MWbetween New Brunswick and Northern Maine
1000 MW between New Brunswick and Nova Scotia
1,500 MW between New Brunswick and Maine

1,500 MW between Maine and New Hampshire

1,500 MW between New Hampshire and Boston

=4 =4 =8 -8 -8 -9
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The cost of this transmission capacity does enter the simulations, he-
ever, ballpark cost estimation is provided based on cost indicators.

4.3 Modelling tool

The model used for the analyses is the Balmorel m8dehich is a flexible
technical/economical partial equilibrium model. The model struet(formulated
in the GAMS modelling langudgecan be downloaded from the model hem

page.

The model essentially finds a leastst solution for electricity and district
heating markets (if district heating is also relevant), taking into account:

Electricity and heat demand;

Technical and economic characteristics for each kind of production
unit, e.g. capacities, fuel efficiencies, operation and maintenance
costs, and fuel prices;

Environmental regulation

Transmission capacities between regions aadntries.

)l
1

1
)l

As output, the model derives production and transmission patterns on a total
costminimizing basis. The model produces estimates of electricity and heat prices
and suggestions for optimal based investments in generating units assuming well
functioning markets with full competition or optimal planning among power-pr
ducers, subject to market distortions such as taxes and tariffs.

The model with investments is most often run as a continuous model. This
implies that unit commitment, ramping andinimum production levels etc are
not modelled explicitly in the core scenarios where the investment patk-is d
fined. However, it is possible to take investment results and rerun the model in a
unit commitment configuration, in order to test the feasibildfthe electricity
system resulting from the scenaridghe continuous model is used for all cageul
tions in this scenario report, with the exception of the simulation of three s
lected weeks for operational verification.

4.4 Economic analyses and assumptions

The economic analyses are based primarily on the results generated by the
model. By the assumption of well functioning markets, shadows prices of the
overall costminimization problem are interpreted as market prices, i.e. assuming
market clearing in eactime segment of the scenario run. This makes it possible

%\ www.balmorel.com
1 \www.gams.com
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to extrapolate costs and benefits for different stakeholders or stakeholder groups,
i.e. consumers, generators, grid owners and public proceeds. The costs ad ben
fits can further be attributed totakeholders in different regions or with specific
interests i.e. wind developers as a subset of generators. For the most part we
consider the regional distribution of costs and benefits for the purpose of this
analysis.

In brief, the results derived atbe following:
1 Costs and benefits of large scale wind power integration
1 Economic opportunities for wind to be part of the New Brunswick the
energy hub vision
1 Impact of efficient market coupling with neighbouring regions

The scenarios are compared using first scenario, i.e. the Passive policy
scenario, as a baseline.

4.5 General Economic Assumptions

A number of generadssumptions regarding the economy, which is nat-co
eredby the model must be mad&@tese areboundary conditions with respect to
the geogaphical scope of the model, terminal conditions with respect to the co
tinuous development in timgbut most importantly relevant associated sectors.

4.5.1 Fuel prices

It is a key assumption in these scenario analyses that the oil prices which have
been experiaced recently are not a temporary phenomenon, but rather express
an enduring trend. This means that the price of fuel will reflect this going forward,
and therefore a fuel price forecast based on this assumption has been produced.
There are few official soces that support this assumption with hard numbers.
However, statements supporting this in principle have become more frequent as
of late by both industry and financial experts as well as by relevant organisations.
The International Energy Agency (IEAJ ¢he Energy Information Administration
(EIA) are still projecting a fall in fuel prices followed by a modest increase to low
60s $/barrel in 2025 in real terms. Oil futures traded at the New York Mercantile
Exchange (NYMEX) are less optimistic regah@p in oil prices. For theec
narios presented here, the core assumption is that oil prices will follow recent
settlements of NYMEX future deliveries to 2015. After 2015, a modest annual
increase in oil prices is assum@&ince this estimate was madégtoil price on
the NYMEX has increased substantially and therefore it is reasonable to call the
fuel price scenario a conservative estimate.

The assumed price evolution of the most important fuel types for electricity
generation is indicated oRigurel?.
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m Nuclear 0,9 0,9 0,9 0,9
H Biogas 0,9 0,9 0,9 0,9
m MSW & landfill gas 1,9 1,9 1,9 1,9
m Coal 34 3.4 3,5 3,6
m Biomass 3,8 3,8 3,8 3,8
= Waste oll 8,9 8,9 9,2 9,4
m Natural gas 11,7 11,7 11,9 12,2
m Residual fuel oil 13,9 14,0 14,3 14,7
Diesel 20,7 20,8 213 21,9
m Jet fuel 24,9 24,9 25,6 26,2

Figurel?7: Fuel price projection used in the scenario analyses.

Fuel prices are a critical assumption in any scenario analfysie electricity
sector. For this reason we supplement the central scenarios with sensitivity-anal
ses where fuel prices are in line with the latest official projections from the IEA
World Energy Outlook 2007

4.5.2 Investment approach

The model performs endpgenous investments according to a least cost-ma
ket oriented approach. There are a number of key elements to this process which
must be addressed.

Firstly, the model is myopic in its investment approach, and thereby does not
explicitly consider revenudseyond the year of installation. This means thmat i
vestments are undertaken in a given year if the annual revenue requirement
(ARR) in that year is satisfied by the market. A balanced risk and reward-chara
teristic of the market is assumed, which meanstttee same ARR is applied to all
technologies, specifically 11.75%, which is equivalent to 10% internal rate for 20
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years. In practice, this rate is contingent on the risks and rewards of the market
which may be different from technology to technology. Fmtance, capitain-

tensive investments such as wind or nuclear may be more risk prone unless there
is a possibility to hedge the risk without too high of a risk premium. This could be
through requests for proposals (RFPs), faethriffs, power purchasagreements

or a competitive market for forwards/futures on electricity, etc.

4.5.2.1 Options considered for the development of the electricitgen-
eration capacity

For New Brunswick, there are fiom plans for new major conventional
power generation facilitieddowever, there are some projects in the pipe line
regarding establishing wind farms and biomass fired plants as well as talk of a
second nuclear reactor at Lepreu. We do not assume that these pipeline projects
will be completed by defaultout leave it ugo the economics and the compet
tion of other options to determine which will actually be established in thee sc
narios.

The figure below shows the estimations of potential for different resources in
New Brunswick and the neighbouring systems as applidteisimulations. Note
that the wind potential in the Maritimes in the Passive scenario is limited beyond
what is presented here. Also, certain investments such as nuclear and coal with
cartbon capture and storageC(CS) is restricted with respect to firstsgible insth
lation time.

Specifically for nuclear, the assumption is that a second Lepreu reactor could
be completed in the period 2028020.Additionally we allow for the establis
ment of Lepreau 3 & 4 in the time period 202025.In the period 2016-:2020we
allow for the possibility tanvest in a total of 3600 MW nuclear power capacity in
certain states in New Englan@dgnnecticut, Massachusetts and New Hamp3hire
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Figurel8: Potentials defined for expansion of renewable dmuclear.

4.5.3 Socioeconomic discounting

In order to calculate the net present value of the benefits to society ofrthe i
vestments and operations, all cost streams must be discounted using a discount
rate. The discount rate is the risk free interest ratas a premium on the value of
time. The higher the economy values consumption today rather than tomorrow,
the higher the discount rate. The discount rate is generally used to evaluate public
investments as well as welfare effects over time.

Determiningthe correct level of the discount factor is very complex. Tise di
count rate used is 6 pct p.a. The capital costs incurred are discounted on the basis
of the annual investments costs (i.e. the 11.75% of plant capital costs for each
year of operation) therefp implicitly assuming that risk premiums for investors
reflect real costs, an assumption which is appropriate when simulating determi
istically.
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5 Scenario Analyses to 2025

In the following sections, the results of each of the four policy scenar®s

presented.

Particular focus is on:

=4 =4 =4 -4 -4 -8 -9

Investments in new generation resources
Production and transmission

Electricity prices or marginal values

Fuel consumption

Costs and benefits

Environmental impact

Emissions and GRE credit prices

5.1 Passive scenario (baseline)

This section presents the results of the Passive scenario. In the Passive Sc
nario it is assumed that wind power capacity in the Maritimes is not developed
beyond 1,000 MW e.g. due to lack of planning or market barriers.

5.1.1 Investments in new geneation resources

Looking forward to 2015 and 2025, the market can be expected to invest in
new generation capacity. Investments are driven on the basis of a number of

things:

=a =

=a =4 =

Demand growth

Change in cost structure making existing technology less competitiv
against new technology.

Technological development

Regulatory instruments

Development of resource potential

Figurel9 and Figure20 below show thecumulated investments in the Passive
scenario from year 201to 2025 in the Maritimes and New England, respectively.
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Investments in the Maritimes
4500
4000
3500
3000
2500
Z
2000
1500
1000
500
0
2015 2020 2025
Passive
= Wind 819 819 819
m Hydro 740 740
m Biomass 182 592 773
m Coal 201
m Nuclear 773 1.573

Figurel9: Investments in generation capacity in the Maritimes in the Passive scenario.

The full potential for wind power in this scenario of approx. 800 MW-is i
stalled as soon as permitted by the model, i.e. by the year 2015. This is a first ind
cation that ex@nsion of wind power may be attractive in the MaritimescSe
ondly, it appears that considerable investments are made also in conventional
generation capacity including the Lepreau 2 nuclear.

A small amount obiomassfired capacity is also installed toemt RPSa-
quirements. It is reiterated thatthe model invests in continuous quantities and
therefore the precise sizes of investments in particular years may not always be
technically feasible, but rather should be seen as indications that a technology is
attractive, and the optimal dimensioning in the particular year of investment
would be the quantity output.
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Investments in New Englanc
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Wind 3.968 3.968 3.968
m Hydro 740 740
m Biomass 182 1.204 2.311
m Landfill gas 54 54 54
m Natural gas 9.173 9.173 9.173
m Coal 78 829
m Nuclear 1.973 2.773

Figure20: Investments in generation capacity.

OnFigure20it is shown which investments are undertaken in the New-En
land statesln New England siting issues limit the growth of onshore windsby a
sumption to 1.1 GW and the offshore potential to 2 GW in total (1 GW of the
coastof Maine and 1 GW off Soutbastern Massachusetts). These potentials are
fully utilized in the passive as well as in the proactive scenario. Because of the
high fuel prices the model shows that it is attractive to upgrade and replace older
and less efficiet natural gas and oil fired generation capacity with newer, more
efficient combined cycle technology. Moreover, the model shows that it isattra
tive to invest in new nuclear capacity in New England

5.1.2 Production and transmission

The model simulations amarried out under the basic assumption that the
market works efficiently, implying that the correct incentives are present to make
rational agents make the optimal choices for the system. Therefore, operations
are executed optimally with regard to achiegithe maximum overall benefit for
the system. From an operational standpoint, this implies that common sense cr
teria shauld hold, as long as one steers clear of generalisations. In genenat, ho
ever, units should be committed in order of lowest variablstsoUsually, this
implies that wind, hydro without storage and nuclear are committed first. Subs
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quently, the thermal units with the cheapest fuels, lowest heat rates, lowest tax,
or subjected to limitations (i.e. emissions caps etc) are committed. Asgend
nous investments are brought online, i.e. investments chosen by the model, the
generation mix is affected.

The development in electricity generation is showrfrigure21 and Figure22
below for the Maritimes and New England, respectively.

Electricity generation in the Maritimes
50,0
45,0 —
40,0 |
35,0
s 550 L
15,0
10,0
5,0
2010 2015 2020 2025
Passive
Wind 2,8 2,8 2,8
Hydro 4,3 4,3 10,8 8,2
m Biomass 0,5 2,2 5,6 7,8
= Natural gas 3,5 6,7 51 3,9
m Diesel 1,6 0,0
m Residual fuel o]l 5,0 0,0 0,0 0,0
m Coal 7,9 11,1 10,4 9,7
m Nuclear 4.3 4,3 7,2 13,7

Figure2l: Electricity generation in the Maritimes as it develops in the Passive scenario.

Figure21shows how the total annual generation in the Maritimes increases
from app. 27 TWh in 2010 to 46 TWh in 2025. The generation from wind power
increases frommaught to 2.8 TWh and the generation based on residual fuel oll
expires, due to the high oil prices. The generation from nuclear facilities increases
to 13.7 TWh, and the generation from coal units first increases to 11.1 TWh in
2015, and then decreases ®.7 TWh in 202&s older coal capacity is deconsmi
sioned
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Electricity generation in New Englan
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Passive
m Wind 11,2 11,2 11,2
m Hydro 6,4 6,4 6,4 6,4
m Biogas 0,1 0,1 0,1 0,1
m Biomass 34 3,4 7,7 14,0
mTires 0,2 0,2 0,2 0,2
m Landfill gas 0,4 0,7 0,7 0,7
uMSW 3,2 3,2 3,2 3,2
m Waste oil 3,9 3,9 3,9 3,9
m Residual fuel oll 3,9
m Natural gas 68,3 65,9 53,9 56,3
m Coal 9,1 9,1 9,4 10,2
m Nuclear 35,1 35,1 44,3 44,3

Figure22: Electricity generation in New England as it develops on an annual basis
through each policy scenario.

Figure22 shows that in New England the total electricity generation increases
from app. 134 TWh in 2010 to app 151 TWh in 2025. The generation from nuclear
power increases from 35.1 to 44.3 TWh, whereas the generatisadan natural
gas decreases from 68.3 to 56.3 TWh. The generation from wind power increases
from naught to 11.2 TWh annually.

The changes in generation patterns over time result in changes also in the

transmission pattergrigure23 shows the development in annual net export from
each region (negative values imply net import).
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Net-export from region
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-15.000
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-25.000
2010 | 2015 | 2020 2025
Passive
m Nova Scotia -1.754 -806 -597 -422
Quebec 9.300 10.032 10.343 10.113
m New England -4.348 -5.491 -16.214 -18.071
m New Brunswick & PE  -3.198 -3.734 6.468 8.380

Figure23: The overall transmission patterns are illustrated on this figure. Positive values
indicate that the netexport from a region is positive, where as a negative value indicate
a positive netimport.

In the Passive Scenario New England is a deficit atbawiannual netm-
port each year of up to 18.1 TWh. New Brunsvigck net importer in 2010, but in
the longer run, New Brunswidlecomesa net exporter of electricityNovaScotia
is a net importer of electricity during the whole period with an annual net import
in the range of 400 to 1,800 GWh.

In all years, Quebec is the largest net exporter. The development in Quebec is
not directly determined by the model. Here a deyaieent in hydro and wind has
been assumed, whereby given existing capacities and current thermal generation
levels, a surplus of 10 TWh per year is generated. This is in excess of exports to
neighbouring regions of Quebec not included in the model.

5.1.3 Electricity prices

Figure24 shows the development in electricity prices from 2010 to 2025 i
cluding also the weekly variation for seven selected regions.
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Figure24: Electricity prices in eight selected regions (weekly averagasle labels S01 to
S52 indicate weeks of the year in these simulations.

In 2010, it is not yet possible to bring new capacity online, and the electricity
price is thereforedetermined by the short run marginal costs at existing pi@du
tion facilities. Large scale hydro especially in Quebec causes significant transfer of
high prices between hours. Hence the price (as interpreted from marginal values)
is indirectly set by peaggeneration such as oil and diesel for most hours of the
year.

From 2015, the model can invest in new production facilities including also
renewable technologies, and therefore the electricity price is set by equilibrium
between short run marginal cost ekisting units and new units as well as the
long run marginal costs of new units.

There is a general trend of lower prices in the Maritimes than in the New En

land states. The reason is that marginal production costs are lower and that there
is congestioron the transmission lines out of the region. If there were no cenge
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tions, market prices would equate (adjusted only for losses and tariffs) as-a co
sequence of the assumption of well functioning markets.

There is an additional price element when genergtwith carbon emitting
generation, and whenever this generation is on the margin, a premium is\sbser
able on the local marginal electricity supply cost. The direction of the power flows
are from the Maritimes and towards the load centres in New Engl@mcthe
way, losses are incurred and reflected on the marginal supply cost from imports
as well as scarcity rent on transmission capacity, until these marginal supply costs
from imports equate the marginal supply costs of local generation.

The price diffeences between the areas are shown in more detaifigure
25.
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Figure25: Electricity prices for eight selected regiogsaverage hourlyprice variation
over an average week in 2025 of the Passive Scenario.

The figure strongly indicates that there is an economic value in generating
electricity in the Maritimes and transporting it to New England. The figure also
shows that the main bottleecks are between Prince Edwards Island and New
Brunswick, New Brunswick and Nova Scotia and especially between Nesv Brun
wick and MaineThe most fluctuating prices are found on Nova Scotia, as this

64



Island system is only thinly connected to the larger regand since there are
large differences in the short term costs between tiwal fired units on one side,
and the gas fired units on the other.

Figure26 and Figure27 below show the marginal area prices weighted by
consumption in 2010 and 2025.

Figure26: Marginal area prices weighted by consumption (CAD/MWh) in 2010 of the
Passive Scenario.

In 2010 the electricity price is relatively high in all areas, i.e., in the range of
150 CAD/MWh. The reason for this is high farides and the fact that in 2010 the
production system has not yet adapted to these high prices, and often thhe ma
ginal price is set by technologies using oil and transferred via hydropower to all
time periods. The price is highest in New Brunswick awgdbin Maine and
Quebec.
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Figure27: Marginal area prices weighted by consumption (CAD/MWh) in 2025 of the
Passive Scenario

In 2025 the prices are much lower than in 2010, which are caused by-inves
ments in new generation thnologies with lower costs. The average price is now
lowest in the Maritimes due to the fact that most investments in new generation
facilities take place herdn addition to the wholesale price of electricity as repr
sented here, there is a cost of ramable credits for the distributor, which would
be added to the retail side as is demonstrated in the next section.

5.1.4 Emissions and CO2/RE certificate prices

The marginal cost of electricity supply, which has previously been shown, i
cludes the certificate pce of CO2 emissions.

Figure28 shows the value of the emissions permits in the market. It is evident
that there is only a binding constraint of CO2 in the Maritimesket, whereas
the CO2 requirements for New England are easily met by new renewable energy
sources and imports.
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Price of CO2 emission
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Figure28: Price of CO2 credits in the passive scenario under the RGGI system. The RGGI
system covers only the Nengland states.

The CO2 price is zero at the end of the period which means that the CO2 price
is only a binding constraint in the first year.

One reason why the CO2 price is zero by the end of the period is that the RPS
certificate price is relativelgigh. The RPS certificate price gives a premium to
renewable technologies which in general also have low CO2 emissions. Thereby
the costs of reducing CO2 decreaBigure29 shows the calculated RPS credit
values as CAD/MWh of renewable energy generated.

RPS Credit values (CAD/MWH
m New Brunswick & PE m New England ® Nova Scotia

30 30 30

27 27 27

2015 2020 2025

Passive

Figure29: Price of RPS credits in the Passive Scenario.
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In 2015, the incentives provided by other sources, specifically CO2 and fuel
prices, are sufficient to ensure that the RPS standard is fulfilled. In 2020 the RPS
value is 30 CAD/MWh and in 2025, the value is 27 CAD/MWh. The reason for this
decrease is that fuel prices increase and therefore RE technologies became rel
tively more caonpetitive in the marketThe RPS standards in New England average
22% of electricity by 2025. This implies that roughly 6 CAD/MWh of electricity
would be added to the retail price on account of RPS credits in 2025. In New
Brunswick this would only be 10%.i3 CAD/MWh.

5.1.5 Summary of indicators in the Passive Scenario

What has been illustrated in the Passive Scenario is a number of indicators
that wind energy development would be a profitable venture.

1 The model determined that it was optimal to use the fuihd re-
source, which was made available as soon as possible. This gives an
indication that more wind might be feasible.

1 The energy prices, in particular natural gas and oil prices result in very
high marginal generation costs, thereby indicating very keigltric-
ity prices unless alternatives are found. This could be seen from the
drop in marginal generation costs from 2010 to 2015 where inves
ments were permitted in 2015.

1 There is a positive price on either carbon or renewable credits
throughout the sinulations; however as these are two targets pulling
in the same direction only one of them has a positive price at any one
time.

The next step in the scenario process is to define a political instrumenmt-to i

prove the situation beyond the passive scenalioorder to ease interpretation of
results, only one change is made one at a time between scenarios.

5.2 Active scenario

This section presents the results of the Active scenario. The Active policy here
implies that the Maritimes region is characterised Iiffcgent and timely planning
for wind power. Connection points in the grid are made available where wind
developers create projects. Access to outside transmission as well as to the local
grids is granted on an equal opportunity basis. Thereby, grid aixgssnted to
the generator which provides the highest overall value to the system on ariyhour
basis.
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The potential for investing in wind power is increased to 5,500 MW in New
Brunswick, 5,5081W on Prince Edwarisland, 5,500 MW in Nova Scotia and 900
MW in Northern Maine. Implicitly, this may imply a number of local gria-rei
forcements and some adjustments in the market design,fauadditional expa-
sion of transmission capacity between the New Brunswick and neither Prince
Edward Island nor Nova S@tNor is there any additional expansion of transmi
sion capacity towards New England or Quebec.

5.2.1 Investments in new generation resources

The type and amount of investments in the Maritimes change quite snbsta
tially compared to the Passive scenario asveh in Figure30. The amount of
wind power investments is substantially increased upon the release of thexpote
tial. Over 6,300 MW of wind power capacity is installethe Maritimes.

Investments in the Maritimes
8000
7000
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3000 B
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1060 o
0 N | [
2015 | 2020 | 2025 2015 | 2020 | 2025
Passive Active
= Wind 819 819 819 5.005 5.320 6.347
m Hydro 740 740 740 740
m Biomass 182 592 773
m Natural gas 182
m Coal 201 136
m Nuclear 773 1.573 162

Figure30: Cumulated investments in the Maritimes in the Passive and Active Scenarios.

As in the Passive scenario, the second nuclear plant at Lepreau is ript esta
lished in the Active Scenario. But theresdsne indication in 2025 that it is begi
ning to look like an attractive option. Again, it comes down to some of the isimpl
fications in the model that a fraction of a plant can be purchased, which could be
interpreted as an indication that it may be pruddo wait and see.

Figure31shows how the aforementioned wind power investments ar® di
tributed throughout the Maritimes.
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Investments in Wind Power in the Maritimes
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m Prince Edward Islanc 320 320 320 460 460 519
Nova Scotia 434 434 434 1.509 | 1.824 | 2.709
m Northern Maine 37 37 37
m New Brunswick 65 65 65 3.000 3.000 3.082

Figure31: Wind power investments in the Passive and Active Scenarios and how these
are distributed in the Maritimes.

The distribution of wind power investments between regions is a result of a
number of factors. Firstly, by assumpti@uality of the wind resource in each
region is not homogenous. This gives an incentive to pick the best spots in each
region. Secondly, the ties to adjacent markets are of varying strength. All the
Maritime regions connect to New England through New Bruclsvthus giving a
favourable position to wind power sited in New Brunswick. Finally, the looal co
position of existing generation comes into play, as well as how much wind power
the local market can absorb.

OnFigure32the investments in New England in the Active scenario-co
pared to the Passive scenario.
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Investments in New Englanc
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m Wind 3.149 3.149 3.149 3.149 3.149 3.149
m Biomass 613 1.538
m Landfill gas 54 54 54 54 54 54
m Natural gas 9.173 9.173 9.173 7.418 7.418 7.418
m Coalw CC 231 1.676
m Coal 78 628 354 628
= Nuclear 1.200 1.200 1.200 1.200

Figure32: Cumulated investments in the New England in the Passive and Active $cena
ios.

In New England, the difference between the two scenarios is not as large as it
was for the Maritimes. In the Active scenario, the local wind resource is still fully
used, indicating a positive value of additional siting in the New England states.
Also the investments in nuclear and landfill gas are still the same. The investments
in biomass and natural gas are lower in the Active scenario than in the Passive
scenario, and regarding coal a shift towards investments in coal with CCS is made
in the Actve scenario.

5.2.2 Production and transmission

The large investments in wind power capacity in the Maritimes affects the
electricity generation considerably as showrigure33.
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Electricity generation in the Maritimes

50,0

45,0

40,0

35,0

30,0
=
= 25,0

20,0

15,0

10,0

5,0

) 2015 | 2020 2015 | 2020

Passive Active

= Wind 28 | 28 | 28 16,6 | 17,6 | 20,7
= Hydro 43 | 43 | 108 82 | 43 | 43 | 108 82
= Biomass 05 | 22 | 56 | 78 | 05 | 05 | 05 | 05
= Diesel 1,6 00 | 00 00 | 00

m Residual fuel ol 5,0 0,0 0,0 0,0 04 0,0 0,1 0,0
m Natural gas 3,5 6,7 51 3,9 3,3 1,5 0,6 1,5
m Coal 7,9 11,1 | 104 9,7 13,4 | 13,1 | 10,9 | 10,2
m Nuclear 4,3 4,3 7,2 13,7 4,3 4,3 4,3 55

Figure33: Generation in the Maritimes in the Passive and Active scenarios.

In year 2025, the generation from wind turbines is almost 21 TWh compared
to 2.8 TWh in the Passive scenario. Opposite the generation frowh twibines,
the generation from all other technologies decreases in the Active scenarie co
pared to the Passive scenario.

One could be le to believe, that with that amount of wind power in thessy
tem, it will be necessary to frequently curtail wind pavgeneration Figure34
illustrates the proportion of wind energy with is curtailed in each region of the
simulation.
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Figure34: Curtailmentof wind power occurs when demand plus export capacity minus
"must-run" generation (due to reliability) is less than the generation from wind power.

The figure shows that although there is some curtailment in the simulations,
it is not substantial. The ggegation of profiles used in the model does however
shelter a slightly lower necessity for curtailment compared to what will be reality.
Investments in transmission capacity or demand response would also reduce the
amount of curtailment.

Figure35shows the changes in the Active scenario compared to the Passive
scenario.
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Electricity generation in New Englant
160,0
140,0
120,0
< 100,0
E 80,0
60,0
40,0
20,0
) 2010 | 2015 | 2020 | 2025 | 2010 | 2015 | 2020 | 2025
Passive Active
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® Hydro 64 | 64 | 64 | 64 | 64 | 64 | 64 | 64
m Biogas 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
m Biomass 34 34 7,7 14,0 34 3,4 3,4 3,4
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Figure35: Generation in New England in the Passive and Active scesari

It appears that for most technologies, the generation in 2025 is the same in
the Passive and Active scenario. However, for biomass and natural gasithe ge
eration decreases in the Actigeenaricand coal with CCS generation increases.

A reflectionof this is the annual net export picture from earlier, bugau

mented with the Active Scenario d¢figure36. The annual net exports are in the
same ballpark as in theassive scenario.
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Annual netexport of electricity
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Figure36: Annual netexport of electricity in the Passive and Active scenarios.

An attempt to gauge the value of additional transmission capacity can be
made on the basis of shadow prices to the transmissggacity constraints in
the model. These accumulated over the year give indication of an annual marginal
value of transmission capacity to the system as a whole. In other words, how
much would be saved in terms of total costs, if this extra unit of capaas -
veloped, without consideration of the costs of investment.
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Table8: Marginal value of transmission capacity

2015
Active
ME
NB
NM
NS
PE

OB
2025
Active
ME
NB
NM
NS
PE

QB

CMA_NEMA

505 2,382
80,835 1,049
77,516
2,942
37,595

100,835 341 95,275

725
140,496 112,975 2,639
98,568
44,958
54,091

118,925 0 122,321

Table8 shows the marginal values of 1 MW of transmission capacity from the
regions indicated on the rows headings towards the regions listed on the column
headings. The indication from this tablahst it would be prudent to further
investigate options for increasing transmission capacity

= =4 =4 -4 -4 -4 -8 -9

between New Brunswick and Prince Edward Island;
between New Brunswick and Nova Scotia;
between New Brunswick and Northern Maine;
between New Brunswick an@uebec;

between New Brunswick and Maine;

between Maine and New Hampshire;

between New Hampshire and Boston;

and between New England and Quebec.

These indications have been taken into consideration in the formulation of
the Transmission Scenario which dak in sectiorb.3.
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5.2.3 Electricity prices

Figure37 shows the development ialectricity prices in the Active scenario
including also the weekly variation. As in the Passive scenario, the level decreases
from 2015 when it is possible to invest in new generation facilities. Also in this
scenario, the prices are in general highetha New England states than in the
Maritimes.
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Figure37: Electricity prices for eight selected regionsveekly variation.

Figure38 below shows the marginal area prices weighted by consumption in
2025.
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Figure38: Marginal area prices weighted by consumption (CAD/MWh) in 2025 of the
Active Scenario

Compared to the Passive scenario, it appears that the pribeisame in
New Brunswick, i.e., in the range of 74 CAD/MWI2025 However, the RPS
credits are now down to 9 CAD/MWh which means less than 1 CAD/MWh on the
retail price.

In the New England states, however, thibolesaleprice is now higheiHere
also he RPS credits come into play, adding only 22% of 9 CAD/MWh, i.e. app. 2
CAD/MWh. Additionally, the wholesale prices in the Passive Scenario of 2025 was
defined 80% of the time by the shetérm marginal cost of the new highly eff
cient natural gas firedemeration capacity. Since the active scenario less of this
capacity is installed early on, the electricity pnoere often equates to the short
term marginal cost of existing CC units or less efficient units. This indicates that
GKS Y2RSt KIRQ WRHSN2 WY OSBUSYd AY wHnamp
thereby pressing down wholesale prices in 2025.
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5.2.4 Emissions and CO2/RE shadow prices
Figure39 shows the value ahe emissions permits in the market.
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Figure39: Price of CO2 credits in the Active scenario compared to the Passive scenario.

In the Active scenario, the CO2 price is zero except from one case, i.e. the
Maritimes in 2015.

5.2.5 Costs and Benefits

The scenarios are by construction gradually less restrictive regardinga nu
ber of assumptions. For instance, in the Active scenario, investments in wind
power are not restricted as much as in the Passive scenario. The release of restri
tions/constraints result in economic benefits compared to the Passive scenario.

In Table9 the costs and benefits in the Active scenario are shown in relation
to the Passive scenario.
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Table9: Costs and Benefits of the Active Scenario imat&n to the Passive Scenario
(bnCAD)

New Brunswick Nova New Total
& PEI Scotia England
Reduced costs -3.6 0.6 7.4 4.4

-fuel 0.4 1.9 5.2
- variable costs -0.2 0.2 _
- fixed costs -0.3 0.4
- capital costs -3 6 —1 3 1.6
6.0 04

There are additional capital cesin the Active scenario (of 3alion CAD)
which is mainly due to the investments in wind power facilities in the Maritimes.
On the other hand, there is a considerably reduction in fuel cafsts5 bnCAD
The total benefit of the Active scenario compared to the Passive scenario has
been estimated talmost 4bnCAD, whereof the benefit to New Brunswick.is
bnCAD.

The term trade balance is the difference in traded value between regions.
This value is determined according to marginal costs of electricity, and where
there is a pricdetween regions, the average price between the two is used, r
flecting that congestion rents are shared on each side of the border by means of a
50-50 spilt.The trade balance totalgl00 mCAD (and not zero) because there is
trade with New York. HoweversdNew York is a boundary condition this number
is notfirm.

The differences in capital costs and other costs at selected technokgids
lustrated onFigure40 below. For instance, it can be seen that gas technologies
have relatively low investment costs but high fuel costs. This is opposite to wind
technologies with have high investment costs but no fuel costs asdumptions
are made in the figure regarding tbe capacity factor of the thermal units as well
and the figure is intended simply to illustrate the effectsTable9.
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Figure40: Comparison of longun marginal costs of new power generation technologies
(CAD/MWh). CCS: Carbon Capture and Storage, CC: Combined Cycle, CF: Capacity Factor.
Two onshore wind power plants are included in the comparison with capacity factors of

25 per cet and 40 per cent respectively

5.2.6 Summary of key findings from the Active Scenario

Moving fromPassiveo the Active scenarios the key developments are:

1 Active policy releases the potential of wind power development in the
Maritimes, causing investmenis the Maritimes region to increase
from roughly 800 MW of new capacity in the Passive scenario to 6.3
GW in the Active scenario.

1 Maritime wind investments in the Active scenario are distributed with
about 3.1 GW in New Brunswick, 2.7 GW in Nova Sc@ialViw/ in
PEI and a lesser amount in Northern Maine.

1 Inthe active scenario, the second nuclear plant at point Lepreau is
not established; however this is due to transmission constraiats b
yond what is expected today.

1 The regional economic benefit of thettve approach versus the &a
sive approach has an estimated fqeesent value oft bnCAD from
20102025. The cost savings are fuel costs and reduced RPS and CO2

81



compliance costs. Additional costs are capital costs since wind is a
more capital intensive fan of generation.

5.3 Transmission scenario

This section presents the results of the Transmission scenario. This scenario
further builds upon the Active policy scenario. In addition, a number of new
transmission lines are assumed to have been completed b§.2lHe new tras-
mission lines has been derived by considering the indications regarding marginal
value of transmission capacity, and by assuming investments in some of the most
valuable connections.

The following transmission capacity reinforcements aruased to have
been completed:

600 MW between New Brunswick and Prince Edwards Island
600 MW between New Brunswick and Northern Maine

1000 MW between New Brunswick and Nova Scotia

1,500 MW between New Brunswick and Maine

1,500 MW between Maine and New Hastiire

1,500 MW between New Hampshire and Boston

No reinforcements are made in direction of Quebec, in spite of the high value
indication inTable8. The modelling oQuebec is more rudimentary than the rest
of the region and therefore specific analyses of connections towards Quebec
would be of questionable quality.

Thebenefits from expanding the trandasion capacity must be seen inael
tion to the cost of expanen. Table10 shows the estimated costs of the trangmi
sion expansions which are included in the Transmission Scdaadand subs-
guentlythe Proacive Scenarip
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Costs

New Brunswick <=> Boston + 1,500 MW, HVDC (600 km) -1.05
New Brunswick <=> Nova Scotia, + 1,000 MW, 345 kV AC (10( -0.15
New Brunswick <=> Northern Maine, + 600 MW, 345 kV AC (1( -0.15
km)

New Brunswick <=> PEI, + 600 M5 kV AC, (100 km) -0.15
Sum -1.5

Tablel10: Estimated ost of extending the transmission system (bnCARQpstsof the
interconnectors are accounted for in period 20D25 and discounted to Net Present
Value using a discount ratef 6 percent p.a. An economic life time of 30 years & a
sumed for the investments in the transmission system.

The costbenefit analysis does not value potential additional benefits to the
security of supply or synergies related to the acquisition @ilkamy services é&
tween system areas.

5.3.1 Investments in new generation resources

Figure41 shows the investments in the Maritimes in the Transmissi@ sc
nario compared to the Active scenario.

Investments in the Maritimes
12000
10000
8000 ——
§ 6000 —
4000
2000
0 —
2015 | 2020 | 2025 2015 | 2020 | 2025
Active Transmission
m Hydro 740 740 740 740
m Wind 5.005 5.320 6.347 8.018 8.018 8.058
Natural gas 182
m Coal 136
m Nuclear 162 100 1.200

Figure4l: Cumulated investments in the Maritimes in the Acévand Transmission $€
nario.

Compared to the Active scenarios, the investments in both wind power and
natural gas facilities are higher in the Transmission scenario. The reason for this is
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that larger amounts of electricity can be transferred out of thartMmes in this
scenario, and also that the wind resources in the Maritimes and the gas price
make it more attractive to establish these facilities here than in New England.

Figure42 shows the investments in New England in the Transmission scenario
compared to the Active scenario.

Investments in New Englanc
25000
20000 —
% 15000 (— | —
10000 (—
5000 :. . l l .:
0 — || . -_
2015 | 2020 | 2025 | 2015 | 2020 | 2025
Active Transmission
wind 8.154 | 8.469 | 9.496 | 11.167 | 11.167 | 11.207
m Hydro 740 740 740 740
m Landfilgas 54 54 54 54 54 54
mNatural gas 7.418 | 7.418 | 7.600 | 6.231 | 6.231 | 6.231
m Coalw CC 231 1.676 1.151
= Coal 354 764 354 628
= Nuclear 1.200 | 1.362 1.300 | 2.400

Figure42: Cumulated investments in the New England in the Active and Transmission
Scenario.

It appears fronthe figure that in the Transmission scenario investments in
New England decreases compared to the Active scenario, which is because the
increased transmission capacity allows new production facilities to be installed in
the Maritimes where wind resourceseabetter and the gas price lower.
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5.3.2 Production and transmission

Figure43shows the annual net export in the Transmission scenarios co
pared to the Active scenario.

Annual netexports
40.000
30.000
20.000
- 10.000
= .
0o
-10.000
-20.000
-30.000
-40.000
2o1o| 2015| 2020| 2025 2o1o| 2015| 2020| 2025
Active Transmission
m Nova Scotia -1.754| 1.450| -717 | 332 [-1.754 2.885| -260 |-2.892
= Quebec 9.300/10.00810.30810.108 9.300| 9.999|10.32410.103
m New England -4.348|-17.43|-19.49| -18.81(-4.348 -26.99| -29.60| -30.77
= New Brunswick & PE-3.198| 5.973| 9.900| 8.372(-3.198|14.11419.544 23.560

Figure43: Annual netexports in the Active Scenario and the Transmission Scenario.

It appears that in the Transmission scenario, the "volume of trade" is much
higher than in the Active scenario, in particular in 2025.
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5.3.3 Electricity prices

Figure44 shows the electricity price in the Transmission scenario.

Electricity prices

CAD/MWh

H O o ©N © N+ OO XMW ®mN ~ O WY ®
O d 4N mS AN @M OO N o4 m<
n nnnnon nunnnnnnnonon nnnnon

2010 2025

Boston CT ME NB NH NS PE WMA

Figure44: Electricity prices for eight selected regionsveekly variation.

Compared tdrigure37, it appears how the largest price peaks have now been
removed due to the increased transmission capacity.
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Figure45below shows the marginal area prices weighted by consumption in
2025.

Figure45: Marginal area prices weighted by consumption (CAD/MWh) in 2025 of the
Transmission Scenario

The price levels are very resembling to the Active scenario. What happens
from the Active to Transmission scenario is additional wind power is installed in
the Maritimes until the prices are depressed to the same level. This is logical since
it will be profitable to install wind until the competition drives the prices to a level
where additional profits are not made from additional installations.

5.3.4 Costs and Benfits

In Tablellthe costs and benefits in the Transmission scenario are shown in
relation to the Passive scenario.
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Tablell: Costs and Bend$ of the Transmission scenario relative to the Passive-Sc
nario (bnCAD)
New Brunswick Nova  Quebec New Total
& PEI Scotia England
110 06 00 160 IS
- fuel 0.0 2.1 0.0 12.2 14.3
- variable costs -0.5 0.0 0.0 0.4 -0.1

-fixed costs -1.0 0.0 0.0 0.7
9.5 -1 4 0.0 3.5 7.4

13.0 02  -145 0.3
sum | 21| 17| 02| 24 3]

Investment -1. 5
transmission

Total

This time the extra capital costs amount#d bnCAD whereas the saved fuel
costs amounts td4.3bnCAD The total benefit sums up to 6E1CAD, whereof
the benefit to New Brunswic&nd PEis2.1bnCADThis does not howeverca
count for the costs of investing in the additional infrastructure and as thish
cost should be subtracted from the total benefit.

5.3.5 Emissions and CO2/RE shadow prices

Figure46 shows the RPS credit value in the Transmission scenario compared
to the Passive and Active scenario.

RPS credit value
m New Brunswick & PE m New England = Nova Scotia

35,0
30,0
25,0
20,0
15,0
10,0

5,0

CAD/MWh

2015 2020 2025 | 2015 2020 2025 | 2015 2020 2025

Passive Transmission

Figure46: Price of RPS credits in the Transmission scenario compared with the Passive
and Active scenario

In the Transmission scenario, the RPS credit value is zero in all regions in
2015, 2020 and 2025. The reason for this is that it is feasible to make investments
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in wind power and the RPS system does not make up any binding conskiant.
driver for wind pwer development is the fuel prices and this is more thanisuff

cient.

5.3.6 Summary of key findings from the Transmission scenario

FromActiveto the Transmissiorscenario the key developments are:

1

A number of investments in transmission capacity are assumée to
undertaken specifically between New Brunswick and respectively PEI,
Nova Scotia, Northern Maine most importantly to New England all
the way to Boston.

The scenario substantially increases the exports from the Maritimes
to the New England market from ughly 8 TWh/year to 20

TWhlyear.

An additional 1.7 GW of wind power is established in the Maritimes
as a result of better access to the New England market.

Additionally, the Lepreau 2 nuclear plant is established.

The benefit of thelransmissiorscenariom relation to theActive
scenariowithout taking account of the investment cost of the new
transmission capacitys estimated to be an additional 2.3 bnCAD. This
benefit must of course be seen in relation to the cost of the trassmi
sion infrastructurewhich is estimated at 1.5 bnCAD

5.4 Proactive scenario and overall scenario comparison

This section presents the results of the proactive scenario and compares them
with the results of the other scenarios.

5.4.1 Investments in new generation resources

Figure47 andFigure48 show the investments in the Proactive scenarioneo
pared to the otherscenarios by 2025.
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Investments in the Maritimes

12.000
10.000
8.000
S 6000
4.000
2.000
.
2025 2025 2025 2025
Passive Active Transmission Proactive
= Wind 819 6.347 8.058 7.500
m Hydro 740 740 740 740
H Biomass 773
m Natural gas 182 513
m Coal 201 136
m Nuclear 1.573 162 1.200 1.169

Figure47: Cumulated investments in the Maritimes in all scenarios.

Regarding the Maritimes, the investments in the Proactive scenario are quite
similar to the investments in the Transmission scenario. Wowlgs, however, is
a bit less. This is because that in the transmission scenario, the CO2 targets were
binding in 2015 resulting in a price of CO2 making it more feasible to invest in
wind power.Also, some thermal investments are now moved to the Maritimes
since a level playing field with respect to environmental regulation will now allow

for more advantageous gas prices in the Maritimes to be exploited.
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Investments in New Englanc
25.000
20.000
% 15.000
10.000
5.000
) 2025 2025 2025 2025
Passive Active Transmission Proactive
m Hydro 740 740 740 740
= Wind 3.968 9.496 11.207 10.649
m Biomass 2311
m Landfill gas 54 54 54 54
m Natural gas 9.173 7.600 6.231 6.165
m Coalw CC 1.676 1.151 1.676
m Coal 829 764 628 628
m Nuclear 2.773 1.362 2.400 2.369

Figure48: Cumulated investments in New England in all scenarios
It appears from the figure that in New England, the amount of investments is

coal power with CCS is higher in the Proactive scenario than in the Transmission
scenario. For natural gas it is opposite.
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5.4.2 Production and transmission

Figure49 shows the electricity generation in the Maritimes in the Proactives sc
nario as well as the other scenarios.

Electricity generation in the Martimes
70,0
60,0
50,0
- 40,0
=
30,0
20,0
10,0
) 2025 2025 2025 2025
Passive Active Transmission Proactive
m Wind 2,8 20,7 26,2 24,8
= Hydro 8,2 8,2 8,2 8,2
m Biomass 7,8 0,5 0,5 0,5
m Diesel 0,0 0,0
m Residual fuel ol 0,0 0,0 0,0 0,0
= Natural gas 3,9 1,5 1,3 4,9
m Coal 9,7 10,2 9,2 9,3
m Nuclear 13,7 55 13,5 13,2

Figure49: Electricity generation in the Maritime all 4 Scenarios by 2025.

As for the investments, the generation from wind power is a bit lower in the
Proactive scenario than in the Transmission scenario, whereas the generation
from gas is a bit higher.

Figureb0 shows the electricity generation in New England in the Proactiee sc
nario as well as the other scenarios.
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Electricity generation in New Englan
160,0
140,0 — —
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Passive Active Transmission| Proactive
Wind 11,2 11,2 11,2 11,2
m Hydro 6,4 6,4 6,4 6,4
m Biogas 0,1 0,1 0,1 0,1
m Biomass 14,0 3,4 3,4 3,4
m Tires 0,2 0,2 0,2 0,2
uMSW 3,2 3,2 3,2 3,2
m Landfill gas 0,7 0,7 0,7 0,7
= Waste oil 3,9 3,9 3,9 3,9
m Residual fuel ojl 0,0 0,0 0,0
m Natural gas 56,3 53,7 46,2 40,2
m Coal w CC¢ 12,8 8,8 12,7
m Coal 10,2 10,2 10,2 10,2
m Nuclear 44,3 44,3 44,3 44,3

Figure50: Electricity generation in the Maritimes in all 4 Scenasiby 2025.

Compared to the Transmission scenario, the generation at gas facilities is a bit
lower and the generation at CCS technologies a bit higher in the Proaative sc
nario.

Figureb1 shows the net export in the different scenarios.
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Annual netexport of electricity
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Figure51: Annual netexport of electricity in all scenarios by 2025.

Similar to the Transmission scenario, the "volume of trade" is also very high in
the Proactive scenario. However, the traded volume is not much higher even
though the transmission tariffs have been removed, which is because the-tran
mission capacities are fully used even in the Transmission scenarios despite of the
transmission tariffs

5.4.3 Electricity prices

Figure52 shows the electricity prices in the Proactive scenaflte most o-
table differencein comparison with the Transmission scenani@rices is the
more frequent dips in the electricity price in tlespecially Prince Edward Island.
The removal of transmission tariffs makes it profitable to move more wind power
to where the wind resource is theetter. This creates local pressure on theele
tricity price in some hours of the year leading to lower pricesahijher average
capacity factor
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Figure52: Electricity prices for eight selected regionsveekly variation in the Proactive
Scenario.

Figure53 below shows the marginal area prices weighted by consumption in
2025.The trend is very much the same as in Active and transmission scenarios.
This is evidere that the model invests in wind power until it reaches a tipping
point, i.e. until the long run costs additional wind powewould no longer be
covered by electricity pricess they are continually depressed by increasmg i
stalled capacitySince theexports to New England are the same as in thedran
mission scenario, and there is no CO2 or RPS credit value by 2025, prices in New
England are also the same.
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Figure53: Marginal area prices weighted by consumption (CAD/MWh) in 2025 of the
Proactive Scenario

5.4.4 Costs and Benefits

In Figurel8the costs and benefits in the Proactiveesario are shown in ra}
tion to the Passive scenario.

Tablel2: Costs and Benefits of the Proactive Scenario in relation to the Passivea®icen
(bnCAD)

New Brurs- Nova Quebec New Emy- Total

wick & PEI Scotia land

Saved costs -12.9 -1.1 0.0 20.9 m

- fuel -3.3 15 0.0 16.3 14.4

- variable costs 0.5 -0.1 0.0 0.4

- fixed costs -0.9 -0.1 0.0 0.8 -0.2
- capital costs -8.2 -2 4 0.0 3.4 -7.2

Trade balance 15.0 0.4 -18.8 -0.4

Investment -1 5
transmission

a8, ____[____ [ | 50
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In the Proactive scenartte additionalcapital costs amount t@.2bnCAD
whereas the saved fuel costs amountlié.4bnCAD The total benefit sums up to
6.5 bnCAD, whereof the benefit to NewuBswick is still 2.bn CADFrom this
the estimated costs of new Transmission must be subtracted as was done in the
transmission scenarid.he difference between the Transmission and Proactive
scenarios is not very profound. There is some moving around of wind power i
vestments but the wind generation is only 2 TWh less in the Proactive scenario,
and this is offset by increased gas fired generation in the Maritimes, as opposed
to in New England. The environmental regulation is not very restrictive in light of
the fuel priceswhich are the key drives for the wind power development.

5.4.5 Fuel consumption and environmental impact

Due to the increased share of renewable energy sources in the Maritimes
from year 2015, the fossil fuel consumption decreases in all scenarios. The fossil
fuel consumption in the Maritimes and in New England is shown in the figures
below.

Fuel consumption in the Maritimes

Petajoulle

Proactive

m Coal mNatural gas m Diesel

Figure54: Consumption of fossil fuels in all 4 policy scenarios.

Most notable is the decline in use of oil and gas, but also coal firing decreases,
especially after 2015 when the decommissioning of existing plants commences by
assumption.
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Fuel consumption in New Englan
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Figure55: Consumption of fossil fuels in all 4 paojiscenarios.
In New England there is a sharp decline in all scenarios in particular in natural

gas and oil consumption by 2015. Both decreased generation as well as more
efficient generation on new or improved facilities attribute to this. Coal firing
stays at the same level, but is augmented with coal w CCS in the all butshe pa
sive scenario.

The changes in fossil fuel consumption have a large impact on the emissions

including the CO2 emission. The figure below shows the development in thie Mar
times.
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Annual CO2 emissions from electricity generation in the
Maritimes
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Figure56: Annual CO2 emissions in the Maritimes in all 4 policy scenarios.

In theall scenarios, the CO2 emissidacrease in the Maritimes year by year,
but interestingly the proactive scenario has generally higher levelmgfstons in
all scenarios. This is due to the harmonisation of CO2 regimes, enabling the Mar
times area to generate more power on fossil fuels for export to New England.
The figure below shows the development in CO2 emission in New England.

Annual CO2 emissions from electricity generation in Nev
England
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Figure57: Annual CO2 emissions in New England in all 4 policy scenarios.
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The CO2 emissions drop is very profound in 2015 in all scenarios, but in line
with fossil fuel consumption as was demonstratedrigure55. The total final
emissions of CO2 are highest in the Passive scenario totalling 42 mega tonnes
annually by 2025 for New England and the Maritimes. Emissions are lowest in the
Transmission anBroactive scenarios.

5.5 More detailed operational analyses

The simulations described so far have used an aggregated representation of
time and seasonal variations, which could potentially result in an overestimation
of the favourability of wind power. In oed to verify, that if managed efficiently,
the electricity system and market will be able to handle the variability ofrthe i
stalled wind power, we have supplemented the capacity expansion simulations
with some more detailed simulations on the operatiorale.

5.5.1 Operational aspects

In the operational simulations we look at the Proactive scenario in 2025 i
cluding the investments resulting from the capacity expansion model agexog
nous capacity. Simulations are performed on a week by week basis withualy
time resolution. Water values generated from the Proactive scenario run are used
to calibrate consumption of storable hydro. Aside from the added time resolution
the following detail elements for thermal plant operation is added:

Unit commitment

Minimum production levels

Ramp rates

Startup and shutdown sequences
Minimum uptime and downtime

=A =4 =4 -8 -9

The data for these aspects are described in the data report.

5.5.2 Operational results

Simulation results are presented in the following for 3 sample weeks
throughoutthe year. The three weeks represent three different times where the
integration of wind could be challenging:

1 Week 2 is selected to look at a cold winter week with high demand in
the Maritimes.

1 Week 18 is selected to consider the effects of the spiimgct.

I Week 36 is selected to consider the effects of low demand in the
Maritimes.
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Electricity balance under the Maritimes
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Figure58: Electricity balance in the Maritimes during peak demand.

The results shown oRigure58 demonstrate the hourly balance between
electricity generation, net exports and consumption in the Maritimes. The peak
demand this week is also the annual demand peak. Interestingly, thisréma
peak falls at a time where there is negligible wind, causing a worst case scenario
in terms of balancing wind@he balance is achieved liyrough lower exports, and
simultaneously activation a high levellofdro generation, coal, gas, and a bit of

oil based generation to cover the peakdemand
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