
8.  
Modeling issues, assumptions, sources, limitations, and work-arounds, including a discussion of the following:
Summary:  

Significant stakeholder effort was required to develop model inputs and modeling adjustments to reflect alternative resouces futures within the technical limits of the modeling framework.  The lack of co-optimization capacity, especially between electric generation and transmission, prevented the model from assessing in an analytically rigorous manner the tradeoffs between local resources and more remote (but less expensive) resources needing more transmission.  To address this issue, a number of modeling runs relaxed the transmission constraints in an attempt to roughly approximate transmission expansion effects on resource expansion choices, but these efforts did not amount to an optimization.  In hindsight, many more sensitivities should have been used to iterate and, as much as possible, co-optimize the transmission and generation before allocating a significant number of runs to other inputs less central to transmission planning.  Another important modeling limitation was the representation of energy efficiency and demand response resources as fixed inputs rather than as resources that could be chosen in the capacity expansion in a manner consistent with the treatment of conventional generation resources.  The CO2 price that the model used to meet the policy goals of scenarios that aimed for significant economy-wide carbon reductions was unrealistically high, largely because the model did not include a full array of carbon emission abatement options.  In addition, the modeling results sometimes located generation in concentrated areas that did not make practical sense; these “anomalies” had to be corrected by “forcing-in” a certain amount of expected generation into areas which seemed to make more sense and then re-running that particular modeling run.  Finally, a modeling approach that better reflects the dynamics of technological innovation and the details of resource supply would provide valuable information for long term transmission planning efforts such as this. 

a. The modeling framework did not permit the various model runs to provide comprehensive optimizations across the full set of demand, supply and transmission resource options.  For each future and sensitivity, the NEEM model determined a resource expansion path based on a somewhat limited set of resource options, focused mostly on utility scale generation.  For example, the model could not deploy energy efficiency or demand response on the basis of the costs of those resources.  Important subsets of modeling runs did relax the transmission constraints in the model in an attempt to roughly approximate transmission expansion effects on supply-side resource expansion choices, but the cost of new transmission capacity was not reflected and the “relaxed” or “soft transmission constraint” methodology (discussed below) was a new and previously untested methodology, and therefore the real tradeoffs between resource quality and location were not well reflected.  With hindsight, it is clear that many more sensitivities should have been allocated to carrying out a more iterative approach that would provide more information about the tradeoffs before using sensitivity runs on input variations less central to transmission system planning.
The modeling focused on supply-side resource expansion based on the total cost of generation, subject to a host of additional input assumptions characterizing these resources.  Although the modeling runs included specified levels of energy efficiency and demand response resources, the deployment levels of these resources were fixed based on pre-determined estimates of their quantity.  Energy efficiency resources were thus modeled as fixed load modifiers based on estimates of energy efficiency policy effects on peak load and annual energy consumption.  Distributed generation resources were also modeled as fixed load modifiers and similarly were deployed according to pre-defined levels rather than integrating these resources in the capacity expansion. Demand response was primarily treated as a fixed capacity resource contributing the system adequacy requirements, but the deployment levels were likewise imposed exogenously. Given the relatively long time horizon of this planning exercise, a greater degree of flexibility to integrate nonconventional supply- and demand-side resources in the capacity expansion would provide better information about the potential role of these resources in different macroeconomic futures.
b. As a substitute for co-optimization of generation and transmission expansion, in several model runs relaxed transmission constraints were used as a proxy for increased transmission capacity in the resource expansions modeled.  Transmission constraints were relaxed in these runs by allowing increased flow across otherwise constrained paths, subject only to an “overload charge” (or variable cost adder) applied to each unit of energy that flowed over the paths during the dispatch simulation.  This approach, used for all futures except F4, was an attempt to gauge the impact of transmission system expansion on the generation resource build-out.  This modeling approach allowed more power to flow from regions with low-cost energy resources, and (most importantly) allowed the model to economically build greater amounts of resources in areas otherwise constrained by the lack of transmission.  
EIPC consultants suggested a modeling methodology – called the “soft-constraint” approach -- to provide a rough approximation of the impact of including transmission resource options in the NEEM optimization process.  However, the two relaxation levels used – referred to as OL25% and OL75% – were arbitrary levels on which participants agreed, and their use was not assumed to yield “optimal” results that would reflect the economic tradeoffs between higher transmission infrastructure costs and lower supply resource costs.  More specifically, without a modeling framework that co-optimizes transmission and generation expansions, an evaluation of the tradeoffs between less expensive generation far from load and more expensive generation closer to load cannot be made.  
While there is considerable complexity associated with building a modeling framework that can perform a full co-optimization of transmission and other system resources, it is essential to find ways to reflect the tradeoffs.  Thus, in future planning studies, if no co-optimization model is available, it would be critical to plan a substantial number of modeling runs to iterate the effects of differing levels of transmission capacity.  Using more sensitivity model runs to iterate between transmission and resource expansion effects would have provided a more accurate approximation of economically optimal build-out options.
  Without co-optimization of transmission and generation, a reasonably credible cost-benefit analysis of building new interregional transmission capacity will be hard to attain. 

c. The approach used in the modeling framework to address CO2 emission policy effects produced inflated CO2 prices in later years modeled.  The modeling approach recommended by Charles River Associates and chosen by the EIPC Steering Committee relied on the use of CO2 prices, rather than a CO2 emissions cap, to reflect the goal of reducing economy-wide emissions by 80% by 2050.  However, because the model used did not include a full array of carbon emission abatement options, the modeling results showed extraordinarily high carbon prices to meet the CO2 reduction goal - especially after 2030.  It is likely, for example, that transportation and industrial sector efficiency improvements in response to carbon prices would produce innovation that would drive down the cost of compliance, and that energy efficiency and other programs outside of the electrical sector would reduce compliance costs, but these abatement options were not reflected at a sufficiently granular level to fully reflect their CO2 abatement potential.  In future modeling, all or most CO2 abatement options should be available for the model to choose. In addition, stakeholders chose to forgo a representation of cost containment measures such as offsets of CO2 emissions through banking or use of an international carbon credit market in model runs, and this also inflated the carbon price needed to achieve the target abatement levels.  

d. The EIPC Steering Committee decision to limit iterations of the two models used to conduct analyses (the electric sector NEEM model and the model of the rest of the economy, the MRN model) was critical to having reasonable modeling results.  Because iterations between the two models tie decreases in load growth to decreases in overall economic activity, it was important not to iterate where the EIPC Steering Committee wished to model more aggressive energy efficiency, distributed generation, or some other load reduction policy (such as Futures 4 and 8), and the NEEM model was not allowed to iterate with MRN in those cases.  For the base runs of most futures, the NEEM model was allowed to iterate with the MRN model to reach the same overall equilibrium (based on AEO 2011).  However, if energy efficiency, distributed generation or some other load reduction policy is implemented in the eastern interconnection, there can be reduced electrical demand that is not caused by, and does not accompany, any decrease in the overall economy. 
e. The approach on renewable resource contributions to planning reserve margins did not reflect interregional coordination impacts.  The renewable energy contribution to capacity reserve margins in the modeling runs was based on the contributions the planning authorities currently use in their modeling (with SPP later increasing wind’s contribution in that region from 6% to 15%).  In the future, there may be closer coordination across the interconnection, with increased balancing area coordination allowing for greater reserve sharing across the interconnected regions, as well as storage and other technology advances that may reduce the need for “back-up” generation for variable energy resources and increase their contributions to capacity reserves.  Future modeling efforts should consider evaluating the effect of higher variable energy resource contributions to planning reserves.
f. Generation location anomalies resulting from initial modeling results can be adjusted reasonably by Planning Authorities.  The modeling results sometimes located generation in concentrated areas that did not make practical sense and the Steering Committee elected to fix some of these “anomalies” appropriately.  The primary anomaly corrections consisted of relocating peaking resources (F1), combined cycle resources (F8, F6) and wind resources (F8, F6) after the Steering Committee and planning authorities recommended re-distributing those resources in a more plausible manner.  After the generation was re-distributed (by “forcing-in” a certain amount of expected generation into areas that seemed to make more sense) the modeling runs had to be repeated.  While these steps mitigated concerns that the certain modeling results were unreasonable, future efforts should strive to avoid the need for such post-execution correction by determining which modeling assumptions (such as regional capital cost multipliers, market friction costs, or some other input) caused these results (and correcting them).

g. A more accurate reflection of the dynamics of technological innovation would better inform modeling results.  Given the long time horizon of this planning exercise, cost reductions attained through technological innovation can have a material impact on the generation mix in the out years of the model.  The approach used in the macroeconomic modeling for EIPC relied upon pre-defined cost reductions for each technology that were independent of deployment rate.  It could be extremely valuable to better reflect the dynamics of technological innovation and ensure that it is directly linked to deployment rates for a given technology rather than imposing fixed cost reductions across the time horizon of the model.  This is especially critical for emerging technologies that can move down the learning curve quickly if accelerated deployment reduces its cost. 
h. A more granular representation of resource supply would further help to illuminate the tradeoffs between local and remote generation.  Because the economics of generation resources such as wind and solar are governed by factors that include resource quality and access to transmission, costs can vary substantially within the footprints of regions such as those used in the macroeconomic modeling for EIPC.  However, the approach used in EIPC applied the same costs to the first and last megawatt of wind and solar deployed within a region.  An approach that integrated resource quality and distance to transmission would enable a more fully developed supply curve for each resource in each region. Ideally such supply curves would encapsulate any grid integration costs relevant to the given technology so that fixed penetration rate limits such as those used in this process would not be needed.  In such a scenario, the model could continue choosing a given resource until the escalating costs made that resource undesirable.  This approach would eliminate the need for artificial limits on variable generation deployed in the model.  While the possibility of additional tiers of wind resources and wind sub-regions was discussed by the SSC in the development of model inputs, it became clear that implementation of such an approach would be beyond the scope, schedule and budget of the EIPC effort.  Should this approach be pursued in the future, it would be critical to ensure it is implemented in a technology neutral manner.  A full supply curve for every supply- and demand-side technology would be ideal, along with a full accounting of efficiency resources across all sectors as described above.  Better supply curves for all resources on both the supply and demand side would ensure better information about the tradeoffs inherent in transmission system planning and provide more valuable information at the end of the process.  
� Testing multiple levels of transmission expansion (especially for the futures representing the likely greatest levels of transmission needs --  F2, F5 and F8) would have allowed for a more refined analysis of the tradeoffs and, potentially, the determination of a “sweet spot” where total costs (resource expansion, plus production costs, plus transmission costs) appear to be minimized.  The build-out option chosen to represent the largest interregional transmission expansion, F8S7, reflected a modeling result that was compromised to some degree due to internal inconsistency that could only be rectified with additional modeling runs.  Because of the limited number of modeling runs available at the end of the process when transmission build-out scenarios had to be chosen, the EIPC Steering Committee was unable to pursue these additional modeling runs.
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