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Phil Southwell opened the meeting by outlining the activities of established and newly-created C1 Working Groups (see Appendix 1) and highlighted those Working Groups for which additional regular or corresponding members would be welcomed.

Phil Southwell reviewed the C1/C2/C4 Symposium held in Guilin (China) in 2009.  This showcased 67 accepted papers and C1 hosted a workshop on “Wind Generation: Issues for Investment and System Operation” with keynote speeches from four subject matter experts.

Phil Southwell introduced a unifying theme for the Preferential Subjects for 2012 and for all new Working Groups launched before the next Session:

“Planning, investment and asset management for the power system of the future”

Phil Southwell invited Mart van der Meijden to share his thoughts (see Appendix 2) on how planners could endeavour to shape the technologies for the future and on the potential need to capture this information dynamically on a database rather than in a static document such as a Technical Brochure.  Comments to the Technical Secretary (peter.roddy@uk.ngrid.com) would be welcome.
All 46 prepared contributions made at the C1 Technical Meeting will be made available on the C1 web-site www.cigre-c1.org (see Events/ Session) from Saturday 28th August onwards.

1.
Preferential Subject 1:
"Solutions for planning power systems for a low carbon energy future"

The questions of the Special Reporter (B. Cova) were grouped into four themes:

· Multi-energy approach: new grid concepts for low carbon energy future, multi-energy transmission
· Planning procedures accounting for greenhouse gas policies: market-based generation and network expansion, reliability and GHG emission performance indicators
· Multi-criteria planning accounting for the environmental impact of new infrastructures, power and carbon markets and system technical performances
· Network performances in a high wind penetration scenario: grid flexibility, operational measures and modelling issues
We began Preferential Subject 1 with a keynote speech outlining an approach from the USA for studying the economic and reliability impacts of greenhouse gas (GHG) policies.  Although federal policy is still evolving, and with the prospect of political gridlock throughout 2010, we noted that there is an array of state and regional climate change initiatives.  Some states have multiple initiates but a minority have none.  The state of New York, for example, has set itself targets of 30% Renewable Energy Sources (RES) by 2015 and plans a 80% reduction, below 1990 levels, of GHG emissions by 2050.  The speaker outlined a framework for studying the impact on system economics and reliability of the implementation of GHG policies.
Multi-energy approach

The safety issues associated with transporting hydrogen and electricity in the same duct were presented by Alstom.  The highest risk is at the line terminals which need to be about 50km apart in order to provide optimal cooling for the hydrogen.  The author indicated that this technology lends itself to transfer capacity of 200MW.
We received a contribution from Alstom on the deployment of energy hubs with reference to two pilot schemes currently operating in Switzerland.  The barriers to their deployment on a commercial scale relate to safety/regulation and to the technological maturity of existing components recognising that new developments are required.
Planning procedures accounting for greenhouse gas policies
We received two contributions on mechanisms which have been implemented in order to correct a generation expansion trend which is not consistent with CO2 reduction targets.  Brazil has forecast an increased consumption of 700TWh/y by 2020.  They plan to meet the bulk of this by the installation of additional thermal capacity as new hydro plants would be very far removed from load centres.  The government is concerned that the generation capacity auction process that has been implemented could have an adverse GHG impact and is trying to push biomass and wind via separate auctions by energy source.  The existing auction process will be amended to introduce a GHG weighting.
Japan has set itself, subject to international adherence to targets, a target of 25% reduction in GHG by 2020.  28GW of new capacity are required, however, in this same period – representing an increase in demand of 15%.  Japan plans to meet this challenge by further development of nuclear power and by increasing the efficiency of existing thermal and hydro plant.  Japan has imposed a 1.35% RES obligation in 2010 on all electricity utilities and a compulsory buy-back of surplus domestic and industrial PV (photo-voltaic) energy at a fixed unit price for the next ten years.  This threshold will be raised on an annual basis.
We received three presentations on the methods used by planners to account for the effect of high RES penetration and CO2 emission levels when deciding upon the reinforcement of power systems.  Brazil’s installed capacity is 85% RES and, typically, this delivers 90% of consumption.  Brazil is reviewing the means to flex the utilisation of the geographically dispersed hydro plant to reduce the need for thermal plant.

Greece has studied the impact of RES on thermal plant and concluded that thermal plant will provide less base-load but will provide much more in the way of ancillary services.  The expectation is that this shift will be revenue neutral.  The capacity factor of wind is expected to decline as more RES is installed.  The author believes that there may be a need to build new control rooms dedicated to the dispatch of RES.

Spain, Portugal and France reported on a joint study into the benefit of further interconnection between their countries and concluded that new interconnection would lead to a 14% reduction in GHG in the period 2007 – 2018 and a rescheduling of 7TWh/y of energy.  Moreover, this would address the fact that, over the past two years, Spain/Portugal have had to limit wind farm output for security reasons – interconnection would allow the secure output of such energy.

We received two contributions on network reliability standards.  Japan reported that, given the risk of reduced reliability in a system with high penetration of RES, they are undertaking experiments using a large-scale analogue simulator incorporating 200kVA generators, artificial transmission lines and multiple system components.  In addition, Japan is experimenting with a 54MW micro-grid which has a high capacity ratio of RES.

Greece reported on studies which indicate increasing positive (and negative) spinning reserve requirements for scenarios of high penetration of RES.  Their studies also indicate the emergence of a number of “must run” thermal plant based on their power system topology.  Finally, the studies indicate that the replacement of a 400MW CCGT may require an installed capacity of 2,000MW of RES (wind) to maintain system reliability.

We received three presentations on how the increasing penetration of non-dispatchable RES can negatively affect the business plans of new entrants who provide base load generation.  Greece has developed a complex simulation model to derive operational indices that can used to quantify the impact of increased RES on system operation.
China reported that wind capacity has increased from 17GW to 32GW in the past year and that they have legal obligations to buy wind power even if more expensive than thermal (in which case costs are claimed from RES funds).  The author presented study results indicating an optimal penetration of wind for the network.
Greece made a second contribution – this time on the cost of RES.  The authors found that the low carbon economy will have a large price tag and offered the view that it may be time to start thinking of making RES compete in markets.
----

We had a small number of spontaneous contributions of the above two topics.  In response to a question about how Spain coped with low wind scenarios, Spain replied that their land mass was such that low wind levels across their entire territory was a low probability event.  In response to a question about whether or not Brazil had considered implementing Carbon Capture and Storage (CCS) for their thermal plant, Brazil said that it hadn’t.  Brazil made reference to its extensive use of hydro plant (including pumped storage).  A question was raised on the use of SF6 but no response was received (this subject was specifically treated at the Opening Panel on “Power Systems of the Future” on 23rd August).  A question was asked about the incentives for storage at wind sites but the respondent opined that geographic dispersion of wind farms would achieve the same overall effect at lower cost.

----

Multi-criteria planning
We received three contributions on the processes for agreeing upon the indicators and weights used in multi-criteria planning.  Italy reported that the Italian TSO is obliged to provide the regulator with an analysis of costs and benefits for the main reinforcements included in its development plan.  The methodology compares the full costs with the benefits to be derived from the implementation of the plan as measured by the energy not supplied, the energy unlocked by the elimination of bottlenecks, capacity increase and reductions in CO2 emissions.  No weighting of criteria, however, is applied.  Ideally, when weighting factors are applied, sensitivity studies should be performed to assess the validity of the nominal weighting values.
Portugal presented their critical factors for decision-making and the associated assessment criteria.

UK reported that a third party project monitor index has been published for the UK power industry.  Index points are awarded against categories such as planning consents, transmission agreements and financing.  This information is then subjected to expert review by the TSO who may take account of additional factors.  The above approach does not , however, address the life-cycle of investments.  Rather, it enables decision makers to justify the need case for transmission investments.  Beyond this, generic assumptions (e.g. lifetime of assets, costs of maintenance, etc) will need to be made to assess the life cycle of transmission reinforcements due to great uncertainty in generation and demand backgrounds.
We received five contributions on the business case for implementing innovative technologies and the challenges presented by a lack of operational experience/performance metrics on innovative technologies.  UK reported that the justification criteria include: distinct technical benefits that will be delivered and the challenges that need to be overcome; third parties such as generators and suppliers are not unreasonably disadvantaged by the introduction of the innovation; operating strategies (how these innovations will be used in real time and integrated into existing operating and control philosophies); and corporate governance (ensuring that it goes through the right channels of challenge, review and approval both technically and financially).  The highly meshed UK network lends itself to consideration of further use of advanced technologies such as FACTS devices to manipulate flow and provide reactive support.
Italy reported that many European TSOs are opting for real-time monitoring and for Phase Shifting Transformers (PSTs) to support system operation.  The author referred to the recent installation of three PSTs (a fourth is currently being delivered) on “hot” European borders and he expects to see them used increasingly within national networks.  Reference was also made to interest shown in transmission lines with integral temperature measurement and to HTLS lines and HVDC.  The author expects further uptake of FACTS devices to manage systems with high RES penetration.
Japan made three contributions.  One speaker reported on studies performed to understand the use of FACTS and Battery Energy Storage Systems (BESS) in systems with high RES penetration.  The studies indicate that the use of FACTS and BESS can reduce the number of power interruptions.  Another speaker outlined the use of Variable Frequency Transformers to manage parallel interconnections with unequal capacity.  Finally, the third speaker outlined the work currently being undertaken by WG C1-19 into green field network design which entailed canvassing utilities on the key constraints on power system planning.
Network performance
We received two contributions, both from the UK, on the impact of differences in Grid Code requirements on the costs of wind turbines and generators.  The first speaker reported that, by adopting a cooperative approach with manufacturers, the UK finds that wind farms are increasingly compliant with the Grid Code.  Manufacturers report that a shortage of qualified engineers is driving costs and that harmonisation of codes globally would reduce this pressure.  Reactive power compliance is another key cost item, particularly for those manufacturers who use DFIGs (Doubly Fed Induction Generators).  Future challenges for an islanded network such as the Great Britain network are system inertia (synthetic inertia is one solution) and fault infeed (one solution is, through the Grid Code, to have the capability to specify infeed required through configuration of HVDC VSC control systems).
The second speaker reported back on EWIS (European Wind Integration Study) which has been supported by 14 TSOs across 4 synchronous areas.  EWIS performed year-round modelling of wind in the electricity market and found that that security is achieved with expected fault ride through performance and that stability measures (stabilisers, etc) are adequate but increasingly important as enhanced line ratings are exploited.  The author opined that harmonisation of grid codes would not only benefit manufacturers but would also benefit TSOs through the ability to obtain robust, standardised, dynamic models.
----

We had a number of spontaneous contributions.  In response to question on the development of off-shore wind farms, a contributor referred to an ongoing UK/Ireland study on this issue (www.islesproject.eu).  In response to a further question on off-shore wind farms, a contributor commented on the limited meteorological data available for such sites and the adverse impact on related studies.  In response to a question on the use of Phase Shifting Transformers, a UK contributor mentioned that the Great Britain network has 15 of them but it is not obvious how to optimise their use in such a highly meshed network.
2.
Preferential Subject 2:
"New business process to support/facilitate power system design for a low carbon energy future”

The questions of the Special Reporter were grouped into three themes:

· Specific assistance for integration of RES and energy storage – at the system simulation phase and the expansion decision process at national/multi-national level
· Assistance for efficiency through optimisation methods for Asset Management or Transmission Expansion
· Proposals for multinational system development through international interconnections
We began Preferential Subject 2 with a keynote speech outlining an assessment performed on the market benefits of network augmentations in the presence of wind farms.  The market modelling approach utilised at the end of 2008 did not generally model the impact of wind farms on the energy market with as much precision as the impact of conventional generation. This approach was acceptable when the level of wind penetration was small, but was considered to be unacceptable if the level of wind penetration grew to the levels necessary to meet the federal governments 20% target by 2020.  One key improvement delivered was the more detailed understanding that wind farms are likely to have on energy prices and, hence, the viability of other generators.  Depending on the market design and dispatch rules, managing wind generation impacts under periods of light load can be a challenge. This is particularly the case in islanded systems.  In Australia, the gross pool real-time price and the semi-scheduled classification of wind generation has meant that the market price signals generally encourage wind generation to back-off rather than create system security problems.

Specific assistance for integration of RES and energy storage
We received two contributions, both from the UK, on the extent to which wind modelling has been shown to capture long-term transmission needs.  The first presenter reported on studies of year-round variation in power flows across key system boundaries in medium-to-high RES penetration scenarios and the impact on the need for system reinforcement of market preference for coal or CCGT thermal plant.  There would appear to be a lack of consensus on the constraint costs in the event of no system reinforcement.
The second presenter reported on three key conclusions of EWIS:  a pan-European network/market modelling approach is needed to identify measures to efficiently integrate wind (ENTSO-E is taking forward this demanding development task); identified additional/accelerated network strengthening measures need to be considered (ENTSO-E has published these in its draft Ten Year Network Development plan - Companies to take forward investment justifications); and already planned reinforcements are needed urgently – streamlined consenting is crucial (key schemes have been highlighted to policy makers).
----

We had a small number of spontaneous contributions.  In response to a question on the need to use synthesised wind data, one contributor commented that, in the absence of robust off-shore meteorological data, synthesised wind data are a “necessary evil”.
----

We received three contributions on the advancement of connection fees and the publication by TSOs and DSOs of connection capacity.  Poland reported that advance connection fees of €7.5/kw (capped at €750k) are payable by all applicants and that TSOs are obliged to publish a current year view and a five year forecast of connection capacity.  The author reported that the advancement of connection fees has had no discernable influence on the number of connection applications.
France reported that capacity information has been publicly available on the internet since 2005 and that generators consider this to be a good start.  Moreover, the TSO finds it is a good starting point for public dialogue on new infrastructure.  France has adopted a voluntarist approach for “202020” with specific goals for each type of RES and the TSO is responsible for offering RES connection capacity in line with these goals for 10 years.
Ireland reported on their initiative to group applications together (“Gates”) in order to minimise connection infrastructure, resolve congestion and make efficient use of their resources.  All three group offers to date have been accepted.  Applicants are required to pay a €7k connection application fee and provide evidence of land access and adequate technical data.  The first 4GW of connection capability are reserved for wind.  Other criteria that were considered, but rejected, were discussed.
We received three contributions on integral long-term planning models.  China reported that high RES penetration is expected to lead, primarily, to an increased requirement for automatic generation control and secondary reserve.  The author commented that cross-region power flows in China are forecast to be met equally (at 1,000kV) by DC and AC by 2020 and increasingly by DC thereafter (61GW by 2030).  Reference was made to forecasts published elsewhere showing that 50% of demand will be supplied by wind power by 2025 in Denmark and 20% by 2030 in USA.
France reported that it has 30GW of connection applications but that there is significant uncertainty on project feasibility, timing and location.  In order to manage uncertainty, the TSO publishes a generation adequacy report every two years reflecting an independent and expert assessment of generation requirements.  This report indicates that, out of 20GW of connection applications, only 5GW are likely to connect by 2015.  Uncertainty is further managed by the publication of a long term (out to 2020, 2030 and 2050) master plan incorporating “best view” and upper/lower scenarios.
Ireland reported that they provide a “best view” of network reinforcements for the period 10 to 15 years ahead.  The expectation is that this will minimise the risk of non-optimal deep reinforcements in connection offers.  Moreover, an incremental transfer capability analysis tool is used to identify firm capacity for additional generation at each node.
We received one contribution, from Australia, on drivers for improvement in wind modelling in market simulations which include meeting the needs of developers and government.  Wind farm developers need to know: expected amount of spilled wind; impact of wind generation on energy price; and impact of congestion on financial viability.  Government, policy makers and retailers, on the other hand, need forecasts of emissions from power generation.  Losses are not explicitly modelled in current market simulations.
We received one contribution, from the Netherlands, on the modelling of centralised and dispersed generation.  The author reported that when the spread of dispersed generation is similar to the spread of load, it is reasonable to model the net result rather than model discrete generation and load.  When this is not the case, one approach is to add fictitious, but representative, generation to the model.
We received four contributions on the use of storage devices.   Switzerland reported on their vision of integration of electricity with heat, in the timescale 2050 – 2060, in order to exploit synergy effects.  Given the timescales, the study did not take account of investment or of operation and maintenance costs.  The technology studied is OPzS lead-acid batteries, as currently used for solar applications.

Spain reported that pumped hydro is the only bulk utilisation of stored energy.  Having said that, thermal-solar plant use molten salts technology to store energy and this is forecast to grow strongly.  In addition to the above, Spain has two ongoing storage pilot schemes - flywheel 1.7MW (12 seconds) and battery 1MW (4 hours).  Stored energy is expected to be used both to smooth generation in a high RES system and to exploit market price differences.

Vesta listed the power electronic energy storage devices currently integrated into power systems worldwide.  One of the barriers to greater adoption of energy storage devices is a lack of published operational experience.  Vesta reported that model simulations indicate that there is an economic optimum for energy storage devices integrated in a wind farm of 10-20 % of the plant capacity.  Over and above the provision of conventional ancillary services, Vestas see additional applications of energy storage devices such as wind farm ramp rate control and power system inertia and damping.
UK reported on EWIS findings.  Pumped storage in certain Alpine and Spanish locations may be beneficial with scheme capital costs being justified by annual operating costs savings.  Pumped storage in the Netherlands is unlikely to be viable (due to unsuitable terrain).  Compressed air storage in Germany was also found to be unfavourable – both due to its capital and operating costs and also the effects of its limited capacity and expected operating characteristics.  The results highlighted that interconnection to Norway, which has existing hydro resources, offered many northern countries access to storage at a cheaper cost together with other trading/security benefits.
We received one contribution on the adverse impact, both in financial and environmental terms, of high RES penetration on conventional thermal plant.  Recognising that many CCGTs have a by-pass stack, thereby enabling open-cycle operation, Ireland reported on its study on multi-mode operation of CCGTs with high RES penetration.  Multi-mode operation of CCGT units can yield reduced system CO2 emissions and improved system security.  As the wind penetration increases, CCGTs are more likely to be off-line, with increased opportunity for open-cycle operation. In most cases studied, increased revenues were yielded when multi-mode operation was allowed.  Multi-mode operation was also shown to reduce the “wear and tear” costs of starting up plant from cold.
Efficiency through optimisation methods
We received two contributions on environmental performance.  Siemens presented their Grid Asset Management Suite (GAMS) for improved control of network cost and quality of supply.  This is a tool which TSOs can use to asses the impact of high RES penetration on network operation.  It does not, however, explicitly model environmental performance.
Australia reported that, mathematically, the environmental impact of augmenting transmission capacity can be modelled as an extra cost in the objective function of the TSO.  As high RES penetration will change congestion patterns, more sophisticated modelling tools will be required.
Proposals for multinational system development
The author of paper C1-204, on the feasibility study into an interconnection from IPS/UPS (CIS and Baltic states) to the former UCTE region, responded to a question about how such an interconnection would have altered the events of November 2006 (splitting of Europe into three electrical zones).  The studies reported in the paper demonstrate that Ukraine would have suffered a voltage collapse as a result of such an interconnection.

----

We had one spontaneous contribution on developments in Africa, notably, the use of multi-criteria planning in Kenya and the growth in the number of small hydro projects in Rwanda which is currently of the order of 100 units.
3.
Preferential Subject 3:
“Asset management challenges/strategies (replacement, refurbishment and maintenance) for a low carbon energy future"

The questions of the Special Reporter were grouped into two themes:

· Asset Management Challenges: changes in the assets (generation or grid equipments), aging of assets and decreases in reliability, strategies for sustainable asset management
· Interaction between Asset Management and Grid Planning: influences of structural changes in the power system (mainly generation) that affect network connections and expansion
Asset management challenges
We received contributions on aging and on asset management decision making.  Brazil outlined their asset management strategy and reported that, by detailed modelling of the reliability of existing assets, they determine the assets that need to be replaced in order to keep system reliability constant.
The Convenor of WG C1-25 (“What are the factors and information that need to be considered for asset management decision making in the context of a low-carbon future”?) reviewed recent Cigré work on asset management and outlined the scope of work of the current WG.
We received two contributions on future technological advances.  China reported that, as it increases RES penetration from 22GW now to a forecast 156GW by 2020, it expects to use TCSC/SVC, for voltage control and frequency fluctuations, and HVDC, for bulk wind power delivery point to point.
Netherlands reported that the planned lifetime of wind farms is typically 15 to 20 years whereas the planned lifetime of the associated TO assets is 40 to 50 years.  There is a risk, therefore, that TO assets may become stranded half way through their operational life.  The author wondered if planning permits for wind farms should reflect the lifetime of the wind farm assets or that of the TO assets.
----

We had a number of spontaneous contributions on the disparity of wind farm/TO asset life spans.  One contributor voiced concern about anti-competitive behaviour that could arise from a developer having permits that extend beyond the lifetime of the wind farm.  Another contributor pointed out that the life span of CCGTs, while greater than that of wind farms, is still only 20 to25 years so the issue is equally relevant here.  He wondered if anyone had given serious consideration to installing connection assets with a similar life span to those of the generation assets that they serve.  Yet another contributor commented that any change that would oblige developers to re-apply for planning permitting would be met with stiff resistance even though, in the UK, the regulator seemed to be keen on such a concept.  A final contributor suggested that the solution lay in depreciating connection assets over the life time of the associated generation assets.
Interaction between asset management and grid planning
We received four contributions on coordination among parties.  France/Spain cited the work of ENTSO-E as an example of effective cooperation and coordination.  Notable examples include the development of common network codes, which will be legally binding, and the pan-European ten year network development plan.

Netherlands reported on the high level of coordination that will be necessary to deliver a North Sea grid (market integration model, offshore grid codes, legal issues and RES support schemes).  A coordinated approach would ensure more efficient connection of RES, a level playing field for the market and lower risks for RES developers.
Spain reported on its forecast RES penetration of 51GW by 2020 and on the cooperation of the Iberian TSOs in the integration of RES into the Iberian market.  Moreover, the Spanish TSO is working pro-actively with regional authorities and with manufacturers (notably, on real-time generation control and on low voltage ride through capability which has led to fewer generation trips).
Brazil reported that it tends to talk about NRES (New RES) as it already has RES on a massive scale.  NRES tend to be small, dispersed plant: wind, biomass and small hydro.  A major difference with NRES is that, for the plant owners, electricity generation is just a side business so this represents an entirely new type of customer with its own specific drivers and needs.  The author discussed the coordination challenges of the large scale integration of 105 biomass plants (totalling 4.6GW) in the state of São Paulo.

----

We had a number of spontaneous contributions on coordination/cooperation.  A contributor gave an example of a case where the England & Wales TSO worked proactively with manufacturers to deliver necessary changes to the Grid Code.  In his experience, Grid Codes tend to reflect that the status quo at the point of market liberalisation rather than reflect the rules to which the industry must adhere in order to work effectively and efficiently.  Ireland reported on the advent of the National Stakeholder Forum which, it is hoped, will lead to better informed planning and decision making.
----

We received one contribution on the challenges of building new assets or even to replace existing assets.  France reported on two regions (Brittanty and the Riviera) where these challenges exist today.  In both cases, demand is rising sharply and most power has to be imported there leading to security of supply concerns.  Ideally, the solution would include demand side management, development of local generation (including RES) and grid development.  The TSO reported how websites specific to each region and supported by multiple agencies are an effective tool in raising public awareness of the challenges and the role of all stakeholders in working cooperatively to define long term solutions.  One feature of these websites is that they alert the public to times of high risk of supply insecurity with a view to encouraging collective domestic demand side response (unpaid).
----

We had one spontaneous contribution on the potential need for the TSO to pay for mass domestic demand side response.
___________________________________________________________________

Phil Southwell closed the meeting by thanking:

· Authors of all C1 papers

· Attendees for their planned/ spontaneous contributions

· Special Reporters and Technical Secretary

Peter Roddy

Technical Secretary, C1
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STUDY COMMITTEE C1

CURRENT WORKING GROUP ACTIVITIES
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C1-9 R. Vajeth Planning issues for newly industrialised and developing countries (Africa). 

C1-12 Y.Sallehhudin The impact of transmission codes on the planning of systems

C1-13 H. Abele System complexity and dynamic performance.

C1/C2/C6-18 J. O'Sullivan Coping with limits for very high penetrations of renewable energy 

C4/B4/C1 (604) S. Henry

Establish the Influence of embedded HVDC Transmission on system security 

and AC network performance

C1-19 H. Suzuki Green field network, designing future networks ignoring existing constraints 

C1-24 D. Bones

What new or recently developed analytical tools and methods are needed and 

which are available to understand and model the uncertain nature of future 

power systems

C1-25 E. Rijks

What are the factors and information that need to be considered for asset 

management decision making in the context of a low-carbon future?

C1-15 A. Sleator

Review the drivers for transmission investment decisions and the role of 

technical planning criteria in transmission investment 

C1-20 K. Leask

Accommodating high load growth and urban development in future plans and 

their environmental effects 

C1-21 A. Mansoldo

What advanced components and technologies are needed and which are 

available or under development to assist system development and planning? 

C1-22 O. Herz

New investment decision processes and regulatory practices required to deal 

with changing economic drivers

C1-23 R. Marais Transmission investment decision points and trees 
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Appendix 2
PROPOSAL ON HOW PLANNERS CAN ENDEAVOUR TO INFLUENCE THE TECHNOLOGIES OF THE FUTURE
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